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Annual Report on the Activities of the
Croatian Academy of Engineering in 2009

In the year 2009 a num ber of im por tant events
for the Acad emy oc curred. More de tails about
some of them can be found on our web site
(http://www.hatz.hr ). I will start with the fact
that in re cent years a lot has been made in cre -
at ing the con di tions for a qual ity work and in -
creas ing ac tiv i ties of the Acad emy. We have ac -
quired new pre mises in Kaèiæeva 28. Ex cel lent
re la tions with CAETS and Euro-CASE have
been es tab lished, as well as with Cro atian Gov -
ern ment in sti tu tions and rep re sen ta tives, the Uni ver sity of Zagreb, Cro -
atian Acad emy of Sci ences and Arts, a lot of vo ca tional acad e mies at
home and abroad and a num ber of firms. That is the rea son more for a
re spon si ble work and management of the Academy in the next period.

Founded in 1993 at the time of the es tab lish ment of the Re pub lic of
Croatia, the Cro atian Acad emy of En gi neer ing cel e brated 15 years of suc -
cess ful ac tiv i ties in 2008. It has been founded as a non-gov ern men tal, in -
de pend ent, non-party and non-profit or ga ni za tion of no ta ble, ex pe ri enced 
and es tab lished sci en tists of en gi neer ing and bio tech no log i cal pro fes sions 
(an ex cel lent short over view of the Cro atian Acad emy of En gi neer ing his -
tory and ac tiv i ties can be found in the An nual Re port of An nual 2008
written by Prof. Emer. Zlatko Kniewald, Ph. D.).

Up to now four Pres i dents of the Acad emy have been elected, i.e. Ac a de -
mi cian Josip Božiæeviæ (1993 – 1997), Prof. Juraj Božiæeviæ, Ph. D. (1997 – 
2003), Prof. emer. Zlatko Kniewald, Ph. D. (2003 – 2009) and Prof. Stanko
Tonkoviæ, Ph. D. (July 1st, 2009 – 2013). Hav ing sac ri ficed nu mer ous ob li -
ga tions and own free time, each of the first three Pres i dents has given his 
im mea sur able con tri bu tion in es tab lish ing the sta tus and rep u ta tion of
the Acad emy in the Re pub lic of Croatia and through out the world.

Ba sic ac tiv i ties of the Acad emy in clude re search and de vel op ment in en -
gi neer ing and tech no log i cal sci ences, tech no log i cal test and anal y sis, pro -
mo tion and or ga ni za tion of sci en tific work, draw ing up of sci en tific stud -
ies, ex per tise, re ports and pro jects, open ing dis cus sions and ex press ing
opin ions about cur rent is sues in sci ence and econ omy, or ga ni za tion of sci -
en tific con fer ences, pub lish ing, co op er a tion with acad e mies at home and
abroad, as well as the transfer of knowledge.



In Oc to ber 2000 the Acad emy be came mem ber of the CAETS – In ter na -
tional Coun cil of Acad e mies of En gi neer ing and Tech no log i cal Sci ences
with head quar ters in Wash ing ton, USA and in Jan u ary 2005 as so ci ate
mem ber of Euro-CASE – Eu ro pean Coun cil of Ap plied Sci ences and En gi -
neer ing with headquarters in Paris, France.

Im por tant Events in 2009

On March 14th, 2009 Cro atian Acad emy of En gi neer ing held its 24th An -
nual Elec tive As sem bly. Apart from the mem bers of the Acad emy, the As -
sem bly was at tended by sev eral em i nent rep re sen ta tives from the field of
sci ence, as well as high gov ern ment of fi cials. Pres i dent of the Acad emy,
Prof. emer. Zlatko Kniewald, Ph. D. sub mit ted a re port with spe cial re -
view on his man date from 2003 to 2009. Thereby the man date of Prof.
emer. Zlatko Kniewald, Ph. D. as the head of this em i nent and hon or able
Cro atian in sti tu tion ended. By a spon ta ne ous ap plause the par tic i pants
of the As sem bly re warded his suc cess ful man age ment.

For the new man date pe riod from 2009 to 2013 (be gin ning with July 1st,
2009) Prof. Stanko Tonkoviæ, Ph. D. has been elected Pres i dent, Prof.
Miljenko Lapaine, Ph. D. and Prof. Vilko Žiljak, Ph. D. Vice-Pres i dents
and Goran Graniæ, Ph. D. Sec re tary-Gen eral.

Ac cord ing to pro pos als of the De part ments of the Acad emy, elec tions for
the pro mo tion or ad mis sion of new Col lab o rat ing Mem bers of the Acad -
emy have been made. 31 mem bers of the Acad emy have been unan i -
mously voted for the pro mo tion into Full or As so ci ate Mem bers, and
22 new Col lab o rat ing Mem bers, as well as 2 Cor re spon dent Mem bers
elected. The new mem ber ship list – WHO is WHO – is included in this
An nual.

On Sep tem ber 11th, 2009 Min is try of Sci ence, Ed u ca tion and Sports of
the Re pub lic of Croatia awarded the sta tus of sci en tific or ga ni za tion
to the Acad emy, a great rec og ni tion to the work of the Acad emy in the
past man date and a large com mit ment for the new Governing Board.

At the Euro-CASE Board Meet ing in Paris in May 2009 the Acad emy be -
came Full Mem ber of Euro-CASE. We con sider it a spe cial rec og ni tion
to the work of the Acad emy since Croatia is the first non-mem ber

8 An nual 2009 of the Cro atian Acad emy of En gi neer ing



 country of the EU ad mit ted into Euro-CASE on ac count of which even an 
ar ti cle of the Euro-CASE Stat ute has had to be altered.

Sign ing of the third in ter na tional agree ment on co op er a tion (the two pre -
vi ous ones with the Acad e mies of China and Hun gary) with Aus trian
Acad emy of Sci ences is also con sid ered an im por tant accomplishment.

As the Pres i dent of the Acad emy I have par tic i pated (as well as for mer
Pres i dents ev ery two years) in the larg est an nual in ter na tional con fer -
ence of the acad e mies of en gi neer ing – 18th Con vo ca tion of CAETS 2009
Cal gary (more details in this Annual).

The Acad emy has to re main the first “tech no log i cally ori ented” sci en tific
and pro fes sional or ga ni za tion in Croatia. I ac cen tu ate sci en tific and pro -
fes sional be cause in a small coun try like Croatia prog ress could only be
made by syn ergy and col lec tive ef forts. And our mis sion is mak ing prog -
ress in en gi neer ing and bio tech no log i cal sci ences. Rec og ni tion of the sta -
tus of sci en tific or ga ni za tion is the ma jor event in the his tory of the
Acad emy. We should bear in mind that the Acad emy is com posed to day of
over two hun dred mem bers who are all first-rate ex perts with ex pe ri ence
from al most ev ery field of tech ni cal and biotechnical sci ences. It is an
enor mous as set for such a small coun try as Croatia. We, en gi neers with
ex pe ri ence, are deemed ac count able for and have to take im por tant part
in the adop tion, growth and break through of the new tech nol o gies the
com ing of which we wit ness ev ery day. Co op er a tion with all in ter ested
par ties on the de sign of vi sion, ob jec tives and strat e gies of the de vel op -
ment of Croatia should be the duty and ob li ga tion of ev ery mem ber of the 
Acad emy. Not only de lib er a tion, but also pro pos als of ac tiv i ties and work
on joint, multidisciplinary and in ter dis ci plin ary pro jects should be the
goals of the Acad emy and its mem bers in the fu ture. In Croatia we are
con fronted with a se ri ous lack of pro pos als and work on de vel op ment pro -
jects, es pe cially com plex pro jects, in the mo ment of “knock ing on the
door” of the Eu ro pean Un ion and its ac cess funds. Changes in the
method of ed u ca tion should also be con sid ered start ing with a se ri ous
and thor ough anal y sis of the ef fi ciency of the Bo lo gna Pro cess up to the
need for a life-long ed u ca tion, vo ca tional retraining etc. Being the
witnesses of striking and rapid changes in all branches of our lives, and
due to our professional consciousness, we may not stay behind.

Ev ery thing that has been achieved in last cou ple of years has to be pre -
served, but also im proved. Cro atian Acad emy of En gi neer ing has to be -
come part ner to gov ern ment in sti tu tions and econ omy. It is the ob li ga -
tion and duty of the new Gov ern ing Board, Pres i dency, all other
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 organizational units of the Acad emy, but also of all its mem bers. Mem -
bers have to be come aware that mem ber ship in the Acad emy is not only
an item in their CV, but that they have to be ac tive par tic i pants in the
ac tiv i ties of the Acad emy. It is the duty of the Acad emy (Gov ern ing
Board and Pres i dency) to serve its mem bers. In form ing “from up down -
wards” and “from down up wards” plays an im por tant role here. I my self
have a great con fi dence in team work. As Pres i dent of the Acad emy I will
try to be only “the first among equals”. With Gov ern ing Board and Pres i -
dency I will share de lib er a tions about all im por tant de ci sions, but of
course take greatest responsibility for their implementation.

In the end I would like to per son ally thank all mem bers of the Gov ern ing 
Board, sec re tar ies of De part ments, chair per sons of the Stand ing Com mit -
tees, heads of the Cen ters, busi ness sec re tary and all friends of the Acad -
emy that, be sides all their ob li ga tions and in these hard times, they have
agreed to con tinue the work of their precursors.

Pres i dent of the Acad emy
Prof. Stanko Tonkoviæ, Ph. D.
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Ed i to rial

Dear read ers,

As you can see, the An nual 2009 of the Cro atian Acad emy of En gi neer ing 
has been ac tu ally di vided into three parts.

Part I. Pa pers

As one of the dif fer ences or changes from the past An nu als, the au thors
of the Part I. – Pa pers in the An nual 2009 are the mem bers of the Cro -
atian Acad emy of En gi neer ing, par tic i pants of sev eral con fer ences spon -
sored by our Acad emy, or mem bers of some of the spon sor or ga ni za tions.
The ar range ment of pa pers has been done fol low ing the con tri bu tions
and con tents of the pa pers, i.e. the first two of them are of the gen eral in -
ter est, the next four are from the field of geoinformation, the next three
deal with the is sues from the sci en tific field of graph i cal en gi neer ing, and 
the last four pa pers are from dif fer ent sci en tific fields.

Part II. In ter na tional Co op er a tion

In this part we have pre sented the main news re lated to the in ter na tional 
co op er a tion of the Acad emy, con cern ing the agree ments and the news
from the CAETS and the Euro-CASE.

Part III. WHO IS WHO in the Cro atian Acad emy of En gi neer ing

This part is is sued reg u larly when some changes in the Acad emy’s mem -
ber ship oc cur. The lat est one is re lated to the 24th An nual (Elec tive) As -
sem bly held on March 14th, 2009. Ac cord ing to pro pos als of the De part -
ments of the Acad emy, the elec tions for the pro mo tion of the ex ist ing
Mem bers, or the ad mis sion of new Col lab o rat ing Mem bers of the Acad -
emy, have taken place. The new list of mem bers and their sta tus is pre -
sented herein.



At the end, I am very pleased to have the op por tu nity to ex tend my sin -
cere thanks to all spon sors and to all who had con trib uted, by in vest ing
their time and ef forts, in pub lish ing of this An nual that we have in front
of us.

All pa pers have been re viewed, but not Eng lish lan guage ed ited.
Each au thor has pro vided for her or his pa per’s proof-read ing.

Prof. Stanko Tonkoviæ, PhD.
Ed i tor-in-Chief
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Part I

Pa pers





Višnja Gaurina-Srèek
Uni ver sity of Zagreb, Fac ulty of Food Tech nol ogy and Bio tech nol ogy
6 Pierotti St., Zagreb
gaurina@pbf.hr 

Kristina Radoševiæ
Uni ver sity of Zagreb, Fac ulty of Food Tech nol ogy and Bio tech nol ogy
6 Pierotti St., Zagreb

Zlatko Kniewald
Uni ver sity of Zagreb, Fac ulty of Food Tech nol ogy and Bio tech nol ogy
6 Pierotti St., Zagreb

Importance of Intellectual Property Rights
Protection in Croatia – Education and the Role

of the Croatian Academy of Engineering

Ab stract

A mod ern world his tory of pro duc tive forces be longs to the mu tual pro -
mo tion of sci en tific dis cov er ies, tech ni cal in no va tions and in dus trial rev o -
lu tion as a re sult of their im ple men ta tion. En gi neer ing sci ences and tech -
nol ogy are the bridge link ing sci ence and the in dus try sup port ing de vel -
op ment and pro duc tion. Croatia’s in tel lec tual cap i tal is an as set that
needs to be better val o rized to de velop the coun try’s econ omy and in dus -
try. A cru cial part of this pro cess is de vel op ment of a strong na tional
R&D in fra struc ture. This ne ces si tates the forg ing of work ing links be -
tween pub lic ad min is tra tion, re search in sti tutes and in dig e nous in dus -
tries to fa cil i tate the com mer cial iza tion of in tel lec tual prop erty from the
re search sec tor to the in dus trial sec tor. Ad dress ing this pro cess, se ries of
pro jects were fa cil i tated aware ness of IP is sues by tar get ing sci en tists



and re search ers, stu dents in law, busi ness en gi neer ing and other dis ci -
plines as well as Cro atian in dus tries. It is im por tant to de velop cur ric u -
lum for IP teach ing at the uni ver si ties and pres ent a bal anced view to
stu dents which could equally ap ply to the in tel lec tual prop erty. The role
of en gi neer ing acad e mies and Cro atian Acad emy of En gi neer ing as their
part in the col lab o ra tion on the de vel op ment and us age in IPPR is of
great im por tance as well as its role in IP ed u ca tion in con tin u ing pro fes -
sional de vel op ment and life long learn ing.

Key words: CAETS, in tel lec tual prop erty (IP), life long learn ing, uni ver -
sity, WIPO

Introduction

Af ter the tran si tion to a mar ket econ omy, as in other tran si tional coun -
tries, eco nomic growth of the Cro atian econ omy de pends on the suc cess -
ful trans for ma tion of re search re sults and knowl edge to com mer cially ex -
ploit able prod ucts or in no va tion. In no va tion is a driv ing force for a new
econ omy and the key fac tor of a coun try’s abil ity to en ter in ter na tional
mar kets and tech nol ogy com pe ti tion. Com pe ti tion rules and In tel lec tual
Prop erty Rights (IPR) play a fun da men tal role in these new eco nomic
pro cesses.

Stan dard sci ence and higher ed u ca tion pol icy largely dom i nate over the
in no va tion pol icy that is fo cused on in cen tive mea sures for eco nomic ex -
ploi ta tion of re search, cap i tal iza tion of knowl edge and sci ence-in dus try
co op er a tion. Uni ver si ties, pub lic ad min is tra tion and the so ci ety as a
whole do not seem to be highly aware of the im por tance and the role that 
IPR plays in mod ern in dus tri al ized and knowl edge-based so ci et ies. The
Min is try of Sci ence, Ed u ca tion and Sports of the Re pub lic of Croatia
(MSES), has made sig nif i cant ef forts in mod ern iz ing the Re search and
De vel op ment (R&D) Sec tor and the higher ed u ca tion sys tem in the past.
A num ber of new reg u la tions and acts pro duced to im prove the re search
sys tem in Croatia have been in tro duced. How ever, in tel lec tual prop erty
is sues have never been in cluded as a part of these reg u la tions nor have
they been out lined or for mu lated sep a rately. It is es ti mated that Croatia
is los ing sig nif i cant eco nomic gains that could have been reached if many
ex cel lent tech ni cally and sci en tif i cally ad vanced ideas be ing gen er ated
within the coun try have been ex ploited in a proper com mer cial way.
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The R&D Sec tor is char ac ter ized by weak link ages be tween re search, ed -
u ca tion and in dus trial in sti tutes with much of the re search un der taken
with out hav ing clear re la tions to the needs of the econ omy. Re search in -
sti tutes also have lit tle mo ti va tion or in ter est in com mer cial iza tion of re -
search re sults, whilst in di vid ual Cro atian re search ers and sci en tists lack
stra te gic and le gal sup port to mar ket their in ven tions.

The sci en tific com mu nity is much more fo cused on pub lish ing their re -
search re sults in peer-re viewed jour nals than on ex ploit ing them com -
mer cially. Since it has long been ac knowl edged that the pri mary func -
tions of uni ver si ties are ed u ca tion, re search and pub lic ser vice, the prob -
lem of pro tect ing re search re sults by IPR has of ten been ne glected. If ac -
a demic re search ers com mer cial ize their in ven tions, it is usu ally done
through se crecy, not through IPR. While this method seems to save costs
in the first place, it has con sid er able dis ad van tage: nei ther the in ven tion
nor the prod uct is safe from reinvention by a third party.

Sub se quently, the stra te gic pol icy and man age ment of IPR are now rec og -
nized as stra te gic tools for ac cel er at ing in no va tions and ad just ment of
the re search sys tem to the chal lenges of the new econ omy.

In tel lec tual Prop erty (IP)

A mod ern world his tory of pro duc tive forces be longs to the mu tual pro -
mo tion of sci en tific dis cov er ies, tech ni cal in no va tions and in dus trial rev o -
lu tion as a re sult of their im ple men ta tion. En gi neer ing sci ences and tech -
nol ogy are the bridge link ing sci ence and the in dus try. The de vel op ment
of en gi neer ing sci ences and tech nol ogy has pen e trated into ev ery as pect
of hu man life deeper than at any pe riod in his tory.

The sci en tists and en gi neers world wide are a very im por tant force in the
world’s en gi neer ing sci ence and tech nol ogy de vel op ment and im ple men -
ta tion. To day a rapid de vel op ment of nanotechnology brings to gether en -
tre pre neur ial start-ups and in no va tive cor po ra tions, world-class sci ence
and rep re sen ta tives from gov ern ment and fund ing bod ies to ad vance
such de vel op ment. This op por tu nity has opened a di a logue be tween or ga -
ni za tions and across in dus try bound aries, di rect ing pub lic and pri vate
sec tor in vest ments to sup port in no va tion and man age ment of com plex in -
dus try needs.

An nual 2009 of the Cro atian Acad emy of En gi neer ing 17



In tel lec tual prop erty (IP) re fers to the cre ations of the mind: in ven tions, lit er -
ary and ar tis tic works, and sym bols, names, im ages, and de signs used in com -
merce. IP is di vided into two cat e go ries: in dus trial prop erty, which in cludes
in ven tions (pat ents), trade marks, in dus trial de signs and geo graphic in di ca -
tions of source; and copy right, which in cludes lit er ary and ar tis tic works.

A pat ent is an ex clu sive right granted for an in ven tion, which is a prod -
uct or a pro cess that pro vides, in gen eral, a new way of do ing some thing,
or of fers a new tech ni cal so lu tion to a prob lem. It pro vides pro tec tion for
the in ven tion to the owner of the pat ent and pro tec tion is granted for a
lim ited pe riod, gen er ally 20 years. Pat ented in ven tions have, in fact, in -
flu enced ev ery as pect of hu man life, from elec tric light ing, plas tic ma te ri -
als to ball point pens, new drugs or mi cro pro ces sors.

The in no va tions and cre ative ex pres sions of in dig e nous and lo cal com mu -
ni ties are also IP, yet be cause they are “tra di tional” they may not be fully
pro tected by ex ist ing IP sys tems. Ac cess to, and eq ui ta ble ben e fit-shar -
ing in, ge netic re sources also raise IP ques tions. Nor ma tive and ca pac -
ity-build ing pro grams are un der way at WIPO to de velop bal anced and ap -
pro pri ate le gal and prac ti cal re sponses to these is sues.

Pro tec tion of In tel lec tual Prop erty

At pres ent, no “world pat ents” or “in ter na tional pat ents” ex ist. In gen -
eral, an ap pli ca tion for a pat ent must be filed, and a pat ent shall be
granted and en forced, in each coun try in which some one seek pat ent pro -
tec tion for his in ven tion, in ac cor dance with the law of that coun try. In
some re gions, a re gional pat ent of fice, for ex am ple the Eu ro pean Pat ent
Of fice (EPO) or the Af ri can Re gional In tel lec tual Prop erty Or ga ni za tion
(ARIPO), ac cepts re gional pat ent ap pli ca tions, or grants pat ents, which
have the same ef fect as ap pli ca tions filed, or pat ents granted, in the
mem ber states of that re gion.

Pro ce dural and sub stan tive re quire ments for the grant of pat ents as well
as the amount of fees re quired are dif fer ent from one coun try/re gion to
the other. It is there fore rec om mend con sult ing a prac tic ing law yer who
is spe cial ized in in tel lec tual prop erty or the in tel lec tual prop erty of fices
of those coun tries in which you are in ter ested to get pro tec tion.

In tel lec tual prop erty pro tec tion in the Re pub lic of Croatia is in the
 authority of the State In tel lec tual Prop erty Of fice (SIPO). In 1991
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Croatia has be come a mem ber of the World In tel lec tual Prop erty Or ga ni -
za tion (WIPO) as well as a mem ber (con tract ing state) of the PCT In ter -
na tional Pat ent Con ven tion in July 1998. Since April 1, 2004 Croatia can
be des ig nated in a Eu ro pean pat ent Of fice ap pli ca tion as one of the ex -
ten sion states and it will be a full mem ber in the near fu ture. Thanks to
sig nif i cant ef forts of SIPO and the as sis tance pro vided by CARDS 2001
pro ject “Sup port the Cro atian IP Sys tem” leg is la tion (har mo ni za tion
with EU leg is la tion), in sti tu tional ar range ments are now largely in place. 
This forms an ex cel lent ba sis for de vel op ing and im prov ing the se ri ously
ne glected IPR sys tem re lated to ex ploi ta tion of re search and new tech nol -
o gies. An other CARDS 2002 IPR Re gional Pro ject of Sup port pro vided as -
sis tance to the coun tries of the re gion (Al ba nia, Bosnia and Herzegovina,
Croatia, Mac e do nia and Ser bia & Montenegro). The ob jec tives of this pro -
ject have been the im prove ment of IPR in sti tu tions in ben e fi ciary coun -
tries, re gional co op er a tion among the in sti tu tions, ad ap ta tion of na tional
leg is la tion in line with the TRIPS agree ment and cre at ing gen eral aware -
ness of IPR. CARDS 2003 pro ject “Strength en ing the Sys tem of IP Pro -
tec tion” was about im prov ing in ter nal ca pac i ties of SIPO on grant ing in -
dus trial prop erty rights and pro cess ing in dus trial prop erty ap pli ca tions.

Croatia is char ac ter ized by a high de gree of pub licly funded R&D and
high per cent age of sci en tists em ployed by the pub lic ac a demic and R&D
in sti tu tions. An im por tant part of fur ther de vel op ment of the na tional
R&D in fra struc ture is to im ple ment pro cesses and meth ods for ex ploit ing 
its vast po ten tial for de vel op ment of IP such as pat ents, trade marks,
copy rights and trade se crets.

Or ga ni za tional Pre req ui sites within Croatia

Within the na tional tech no log i cal net work the fol low ing in sti tu tions have 
been es tab lished so far:

1. Busi ness In no va tion Cen tre of Croatia – BICRO Ltd.

2. Cro atian In sti tute of Tech nol ogy – HIT Ltd.

3. Cen tre for Karst

4. Tech nol ogy and In no va tion Cen tre Osijek Ltd.

5. Cen tre for In no va tive Tech nol ogy Rijeka Ltd.

6. Tech nol ogy Cen tre Split

7. Cen tre for Tech nol ogy Trans fer

8. Re search and De vel op ment Cen tre for Mari cul ture (1).
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In April 1998, within the in cen tive mea sures, the Gov ern ment of the Re -
pub lic of Croatia adopted the Pro gram for In creas ing and Start ing Pro -
duc tion Based on New Tech nol o gies, pro posal for which had been made
by the Min is try of Sci ence and Tech nol ogy (1). In 1998 the Busi ness and
In no va tion Cen tre of Croatia (BICRO) was set up as a state agency to act
as an um brella or ga ni za tion in the cre ation of an over all Cro atian tech -
nol ogy in fra struc ture. The real need for es tab lish ing an IPR sys tem in
the R&D Sec tor and re spec tive man age ment pol icy was ini ti ated by the
Cro atian Pro gram for In no va tive Tech no log i cal De vel op ment cre ated by
the Min is try and ap proved by the Cro atian Gov ern ment in April 2001.
HITRA was the first in no va tion pro gram in Croatia that paved the way
for es tab lish ing a na tional in no va tion sys tem and clearly pointed out the
lack of a sys tem atic ap proach to de velop an IPR man age ment pol icy re -
lated to R&D and tech nol ogy. HITRA was es pe cially tar geted to en cour -
age co op er a tion be tween the field of sci ence and in dus try and pro vided a
frame work for di rect co op er a tion be tween en tre pre neurs/in dus try and
Cro atian uni ver si ties and re search in sti tutes and was im ple mented
through two com ple men tary pro grams:

1. Pro gram TEST – Tech nol ogy Pro jects aimed at pre-com mer cial de vel -
op ment of new tech nol o gies;

2. Pro gram RAZUM – De vel op ment of Knowl edge-Based Com pa nies
aimed at com mer cial en tre pre neur ial pro jects (set-up, de vel op ment
and ex pan sion of a com pany) based on new tech nol o gies, i.e. prod ucts
with higher added value.

On Sep tem ber 1, 2006 MSES com pleted the ac cep tance of tech nol ogy pro -
ject pro pos als (the TEST sub-pro gram) within the Cro atian Pro gram for
In no va tive Tech no log i cal De vel op ment (HITRA). The new Cro atian Gov -
ern ment De cree as of July 12, 2006 and Guide lines for Fos ter ing In no va -
tive Tech no log i cal De vel op ment as of July 17, 2006 an nounced the trans -
fer of the TEST pro gram – tech nol ogy R&D pro jects from the MSES to
the Cro atian In sti tute of Tech nol ogy (HIT Ltd.). In March 2006 the Gov -
ern ment of the Re pub lic of Croatia es tab lished the Cro atian In sti tute of
Tech nol ogy – HIT Ltd., with the aim to make it the cen tral in sti tu tion of
the Cro atian tech no log i cal net work (1). The HIT sup ports and guides
Cro atian re searches aimed at de vel op ment and tech nol ogy, mon i tors and
an tic i pates global tech no log i cal move ments, pro vides ad vice and sup port
in mat ters such as in tel lec tual prop erty and tech nol ogy trans fer, gives
sup port and pro motes par tic i pa tion in Eu ro pean re search and de vel op -
ment pro jects, as well as pro motes Cro atian tech no log i cal pro duc tion, re -
search and de vel op ment po ten tial world wide. In te grat ing con tri bu tions
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of var i ous par tic i pants in the area of ed u ca tion, re search and in no va -
tions, the Cro atian In sti tute of Tech nol ogy will pro vide the ba sis for the
so called “knowl edge tri an gle”, which will form a unique struc ture –
“knowl edge com mu nity”. Con sid er ing this, the HIT ac tiv i ties in clude:

• sup port ing and guid ing Cro atian re searches aimed at de vel op ment and
tech nol ogy

• mon i tor ing, an a lyz ing and an tic i pat ing the ef fect of global tech no log i cal 
move ments in the Re pub lic of Croatia

• giv ing ad vice and sup port in the area of in tel lec tual prop erty and tech -
nol ogy trans fer

• pro mot ing par tic i pa tion in Eu ro pean re search and de vel op ment
 projects

• pro mot ing Cro atian tech no log i cal pro duc tion and re search and de vel op -
ment po ten tial in the EU and other coun tries.

In Jan u ary 2008, the Tech nol ogy Trans fer Of fice (TTO) of the Uni ver sity 
of Zagreb was es tab lished with a mis sion to en sure the im ple men ta tion
and func tion ing of an ef fec tive in fra struc ture for tech nol ogy trans fer
within the Uni ver sity of Zagreb in or der to suc cess fully trans fer tech nol -
o gies to the mar ket so as to gen er ate ben e fits for the in ven tor, the Fac -
ulty, the Uni ver sity and the Cro atian econ omy.

These aims are ac com plished through three main types of ac tiv i ties:

• Com mer cial iza tion of re search re sults

• Man age ment of in tel lec tual prop erty in re search pro jects

• Aware ness rais ing and train ing on in tel lec tual prop erty and tech nol ogy
trans fer.

Tech nol ogy Trans fer Of fice (TTO) sup ports the re search ers by eval u at -
ing the tech ni cal and com mer cial po ten tials of in no va tions. The TTO de -
ter mines the ap pro pri ate way to pro tect the in tel lec tual prop erty and
iden ti fies the route to the mar ket for the in no va tion. It is our goal to suc -
cess fully con nect re search ers and their re search re sults with part ners
from in dus try and to ul ti mately cap i tal ize the com mer cial po ten tial of re -
search. In or der to en sure that re search ers have nec es sary knowl edge
about in tel lec tual prop erty in re search and com mer cial iza tion the TTO is 
reg u larly or ga niz ing work shops and sem i nars. Sub jects such as in tel lec -
tual prop erty ba sics, man age ment of in tel lec tual prop erty in re search
pro jects, tech nol ogy trans fer and com mer cial iza tion of in no va tions are
cov ered by our train ing ses sions (2).
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Ed u ca tion for IP – De vel op ing the Cur ric u lum

Re cent prog ress in tech nol ogy and en gi neer ing has been ac cel er ated by
high-tech so lu tions such as In for ma tion Tech nol ogy and Internet. The
ac cel er a tion would be in creased in the 21st cen tury, since the
informatization of so ci ety has been pro gress ing. The role of uni ver si ties
should change in the in for ma tion era. Since the knowl edge ob tained at
the uni ver sity be comes out dated very rap idly es pe cially in the field of en -
gi neer ing, en gi neers are re quired to ob tain new knowl edge and to keep
the qual ity and pro duc tiv ity through out their life time. Some en gi neers
would like to learn just for up dat ing their knowl edge day by day. Other
en gi neers might want to ob tain higher de grees in en gi neer ing, such as
M.Sc. and Ph.D. and some would like to ob tain pro fes sional qual i fi ca -
tions. In these sit u a tions, some en gi neers are re turn ing to the uni ver sity
with these ob jec tives to ob tain new knowl edge con tin u ously af ter join ing
the high-tech en ter prises.

Stu dents would ben e fit from the aware ness of in tel lec tual prop erty con -
cepts, com bined with ba sic com pe tences in rec og niz ing, pro tect ing, ex -
ploit ing and en forc ing in tel lec tual prop erty rights. In ad di tion, pro fes -
sional bod ies, gov ern men tal and in ter na tional in sti tu tions have rec og -
nized the im por tance of de vel op ing in tel lec tual prop erty learn ing op por -
tu ni ties in the work place, as a part of life long learn ing and con tin u ous
pro fes sional de vel op ment. The uni ver sity’s role is to pres ent a bal anced
view to stu dents which could equally ap ply to the in tel lec tual prop erty
(3).

Con tents of the grad u ate en gi neers’ cur ric u lum for IP pro tec tion:

• Broad, rather than deep, un der stand ing of in tel lec tual prop erty

• Aware ness of im pli ca tions sur round ing dis clo sure and con fi den ti al ity

• Link ages be tween IP, in no va tion and busi ness de vel op ment

• Where to find and how to use pat ent in for ma tion

• What goes into a pat ent ap pli ca tion and why

• Time scale and costs of pat ent pro tec tion

• Im pli ca tions of steps to be taken, or avoided, in the pat ent pro cess

• Rel e vance of pat ents

• IP is more than just pat ents-trade marks, copy right, de sign

• In tel lec tual prop erty own er ship

• Non dis clo sure agree ments
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• Na tional and in ter na tional in tel lec tual prop erty is sues

• IP val u a tion

• IP com mer cial iza tion and ex ploi ta tion.

In tel lec tual prop erty stud ies should in volve stu dents in a crit i cal eval u a -
tion of in tel lec tual prop erty and an ap praisal of the stages of in tel lec tual
prop erty man age ment:

• how in tel lec tual prop erty rights are first rec og nized

• how they can be pro tected in law

• how they are com mer cially ex ploited

• how they are le gally en forced (4).

Uni ver sity and the Role of In tel lec tual Prop erty Rights Pro tec tion –
Ed u ca tion in the Past and at the Bo lo gna Cur ric u lum

De vel op ment of in for ma tion tech nol ogy opened also a broader in sight at
dif fer ent pat ent da ta bases. Trans la tion of the In ter na tional Pat ent Clas -
si fi ca tion (6th Edi tion with the par tic i pa tion of more than 260 Cro atian
sci en tists out of which more than 60 from the Cro atian Acad emy of En gi -
neer ing) per formed un der the lead er ship of the SIPO from Eng lish to
Cro atian gave the stu dents, ex perts and em ployed en gi neers the op por tu -
nity for search ing enor mous da ta bases with more sci en tific in for ma tion
than in the sci en tific jour nals. Af ter an a lyz ing lit er a ture ci ta tions pre -
sented at di ploma, M.Sc. and Ph.D. works at the Uni ver sity of Zagreb for
tech ni cal dis ci plines, we have con cluded that the stu dents and their pro -
fes sors are still not be ing ori ented to use avail able data from the pat ent
sources, be cause dur ing the study, en vi ron ment within the tech ni cal
courses is or ga nized more on the re pro duc tion of ex ist ing knowl edge and
know-how, with out enough im ple men ta tion of per sonal cre ativ ity. It
means that we have to ed u cate stu dents how to ap ply al ready pub lished
and avail able in for ma tion from pat ents and how to find out which dis cov -
ery can be later on pro tected by the pat ent.

The Fac ulty of Sci ence (FS) and Fac ulty of Food Tech nol ogy and Bio tech -
nol ogy (FTBT) within the Uni ver sity of Zagreb al ready started with the
course In tro duc tion to Sci en tific Work at the ac a demic year 1980/81. Dur -
ing that time the cur ric u lum was of course mostly ori ented on what was
sci en tific re search work and how to pre pare and pub lish sci en tific work.
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Af ter the for ma tion of SIPO at Zagreb (Di rec tor N. Kopèiæ), col lab o ra tion
was es tab lished be tween the Fac ulty of Food Tech nol ogy and Bio tech nol -
ogy and SIPO for sev eral years where the SIPO was the ed u ca tion place
for un der grad u ate and post grad u ate stu dents from the Fac ulty of Min ing 
and FTBT (Head of courses J. Kniewald). The first pro ject was sup ported
by the Min is try of Sci ence and Tech nol ogy of the Re pub lic of Croatia at
1997 (P.N. 058409) and was granted to the FTBT – “In tel lec tual and In -
dus trial Prop erty in Cro atian Sci ence” (Pro ject leader Z. Kniewald). Re -
search team con sisted of the sci en tists from the FTBT, but also from the
SIPO. At the time the first young re searcher was also em ployed on the
pro ject and got her M.Sc. (A. Jelièiæ). In or der to achieve a broader sup -
port for this im por tant field the pa per “In tel lec tual Prop erty and the
Role of Uni ver sity” (5) was pub lished. Af ter the in tro duc tion of the new
Bo lo gna Cur ric u lum from the ac a demic year 2008/2009 at the FTBT, the
course “Meth od ol ogy of Sci en tific Work and In tel lec tual Prop erty Pro tec -
tion” was in tro duced for di ploma stu dents in all stud ies: Bioprocess En gi -
neer ing, Mo lec u lar Bio tech nol ogy, Food Tech nol ogy, Nu tri tion and Food
Safety Man age ment. The course “Meth od ol ogy of Pro ject Plan ning and
In tel lec tual Prop erty Pro tec tion” has been held in the doc toral study
“Bio tech nol ogy – Bioprocess En gi neer ing” since the ac a demic year
2006/2007 as a con tin u a tion from the pre vi ous mas ter study “Bio tech nol -
ogy – Bioprocess En gi neer ing”.

The pro jects aimed at Strength en ing IPR in Croatia

CARDS/WIPO Uni ver sity Re search and De vel op ment Ini tia tive

In or der to de velop a greater aware ness of IP mat ters at the uni ver sity
level, WIPO has launched a pro gram en ti tled the “WIPO Uni ver sity Ini -
tia tive,” aimed at en cour ag ing uni ver si ties in de vel op ing coun tries and
coun tries in tran si tion to es tab lish “Uni ver sity IP Co or di na tors,” the
con tact per son or unit, where man age ment, re search ers, ac a demic staff
and stu dents can in quire and re ceive in for ma tion and ad vice on IP mat -
ters and have ac cess to tech no log i cal in for ma tion con tained in IP doc u -
ments, in sup port of their R&D or teach ing ac tiv i ties. Three in sti tu tions
and per sons nom i nated as IP Co or di na tors from Croatia have been in -
cluded in this pro ject: Brodarski In sti tute (M. Drakuliæ), Fac ulty of Food
Tech nol ogy and Bio tech nol ogy, Uni ver sity of Zagreb (V. Gaurina Srèek)
and Ruðer Boškoviæ In sti tute (V. Kotarski) sup ported by fo cal point from
SIPO (Lj. Kuterovac).
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The main goals of this pro ject would lead to greater use of the IP sys tem
and con trib ute to the trans fer of tech nol ogy and in no va tion to in dus try
from the uni ver si ties and R&D or ga ni za tions and, even tu ally, help to:

• im prove ac cess to the wealth of tech no log i cal in for ma tion con tained in
pat ent doc u ments; im prove the ca pac ity of the us ers (re search ers and
in ven tors at R&D or ga ni za tions, uni ver si ties, etc.) to an a lyze and use
such in for ma tion;

• en cour age the es tab lish ment of IP pol i cies by the uni ver si ties;

• de velop the ca pac ity of ex tract ing, an a lyz ing and sum ma riz ing tech no -
log i cal, le gal and busi ness in for ma tion from IP doc u men ta tion;

• as sist uni ver si ties/or ga ni za tions in iden ti fy ing their IP as sets with a
view to gen er at ing more ben e fits and in come;

• im prove the IP pro tec tion of re search re sults and in ven tions gen er ated
by the uni ver si ties and R&D or ga ni za tions, as a first step to wards suc -
cess ful com mer cial iza tion;

• es tab lish con tacts with other spe cial ists work ing in the field of IP both,
na tional and in ter na tional, from the uni ver si ties, na tional IP of fices or
pri vate sec tor pro fes sion als with a view to ex chang ing ex pe ri ence, in for -
ma tion and re lated IP ma te rial.

In the ini tial phase, the main func tion of the IP Co or di na tor was to pro -
vide ref er ence ser vices and in for ma tion on IP-re lated mat ters to the uni -
ver sity man age ment, R&D staff and stu dents. Fur ther more, the IP Co or -
di na tor es tab lished con tacts and links with the na tional IP of fice and
copy right ad min is tra tions and IP pro fes sion als. The IP Co or di na tor
should ac quire ba sic knowl edge of the IP sys tem (in his/her coun try and
some in for ma tion on the in ter na tional IP sys tem) but, more im por tantly,
know where to find the nec es sary in for ma tion. To be gin with, it is de sir -
able, but not oblig a tory, that the IP Co or di na tor be knowl edge able in the
field of IP; how ever, as the pro ject de vel ops, he/she will ac quire the nec es -
sary knowl edge to en sure a fully in for ma tive ser vice. Each Co or di na tor
should main tain a set of na tional IP-re lated doc u ments, such as na tional
IP laws (i.e. pat ents, trade marks, geo graph ical in di ca tions, copy right and
re lated rights, etc.) that can be ob tained from the na tional IP of fice. A
close link should be main tained with the na tional IP of fice. One of rec om -
men da tions was that IP co or di na tor should fol low the WIPO Acad emy
Dis tance Learn ing Pro gram (website: http://acad emy.wipo.int). WIPO
pro vided the nec es sary in for ma tion for reg is tra tion. Ini tially, the Co or di -
na tor should pub li cize the ser vice, among staff and stu dents and or ga nize 
at least two in for ma tion ses sions (1/2-day sem i nar, work shop) per se mes -
ter. These in for ma tion ses sions should com prise a gen eral pre sen ta tion of 
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the IP sys tem, a pre sen ta tion of the na tional IP sys tem and ser vices of
the IP of fice, and ei ther a pre sen ta tion on IP in for ma tion and its ben e fits 
for the uni ver si ties and R&D or ga ni za tions or a pre sen ta tion on copy -
right and neigh bor ing rights. This should be un der taken in close co op er a -
tion with the na tional IP of fice and IP spe cial ists or pro fes sion als from
the pri vate sec tor who should also be in vited to give pre sen ta tions.

WIPO or ga nized trainings, in due course, for the IP Co or di na tors. The
first Re gional Work shop on “Search ing of IP in for ma tion for Uni ver sity
IP Co or di na tors” or ga nized by CARDS Re gional Pro gram In dus trial and
In tel lec tual Prop erty Rights in co op er a tion with the WIPO and State In -
tel lec tual Prop erty Of fice (SIPO) of the Re pub lic of Croatia was held in
Zagreb, De cem ber 1-2, 2005. The sec ond Re gional Work shop on “Search -
ing of IP In for ma tion for Uni ver sity IP Co or di na tors” or ga nized by
CARDS Re gional Pro gram In dus trial and In tel lec tual Prop erty Rights
funded by the Eu ro pean Com mis sion (EC) and im ple mented by the Eu ro -
pean Pat ent Of fice (EPO) and the Of fice for Har mo ni za tion in the In ter -
nal Mar ket (OHIM) was or ga nized in co op er a tion with World In tel lec tual 
Prop erty Or ga ni za tion (WIPO), the State Of fice of In tel lec tual Prop erty
in Skopje (SOIP) and Fac ulty of Me chan i cal En gi neer ing, Ss. Cyril and
Methodius Uni ver sity Skopje in Skopje, June 7 – 9, 2006. IP Co or di na tors 
from Croatia (M. Drakuliæ, V. Gaurina Srèek and V. Kotarski) par tic i pated 
in this work shop and es tab lished links with IP Co or di na tors from other
coun tries (Al ba nia, Bosnia and Herzegovina, Bul garia, Mac e do nia, Ro ma -
nia, Ser bia and Tur key). The main work shop’s top ics in cluded Elec tronic
and On line IP re sources, Elec tronic and On line IP re sources (fol low up),
Role of Na tional Of fices, IP doc u men ta tion net work and Uni ver si ties, IP
man age ment in Uni ver si ties. Work shop “In tel lec tual Prop erty Pro tec tion 
at the Higher Ed u ca tion”, or ga nized by State Of fice for In ven tions and
Trade marks Ro ma nia, Uni ver sity of Med i cine and Phar macy “Carol
Davila” in co op er a tion with WIPO and Ce dars Si nai Med i cal Cen ter, Los
An geles, USA was held in Bu cha rest, Ro ma nia, March 2-3, 2007 in or der
to pro mote IP teach ing at the Uni ver si ties. IP Co or di na tor from FTBT V.
Gaurina Srèek at tended this work shop and con tin ued her ed u ca tion and
net work ing with other IP Co or di na tors.

CARDS 2003 In tel lec tual Prop erty Rights In fra struc ture for the Re search
and De vel op ment Sec tor in Croatia

The pro ject is aimed at in creas ing the com mer cial ex ploi ta tion of the Cro -
atian Re search and De vel op ment sec tor, by de vel op ing an in tel lec tual
property sys tem in line with the EU acquis and EU mod els, by supporting
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the in sti tu tions re spon si ble for in tel lec tual prop erty is sues, as well as by
car ry ing-out trainings and aware ness-rais ing ac tiv i ties. Croatia’s in tel lec -
tual cap i tal is clearly an as set that needs to be better val o rized to de velop 
the coun try’s econ omy and in dus try. A cru cial part of this pro cess is de -
vel op ment of a strong na tional R&D in fra struc ture. This ne ces si tates the 
forg ing of work ing links be tween pub lic ad min is tra tion, re search in sti -
tutes and in dig e nous in dus tries to fa cil i tate the com mer cial iza tion of in -
tel lec tual prop erty from the re search sec tor to the in dus trial sec tor. Ad -
dress ing this pro cess, this CARDS IP rights pro gram fa cil i tated aware -
ness of IP is sues by tar get ing sci en tists and re search ers as well as stu -
dents in law, busi ness en gi neer ing and other dis ci plines as well as Cro -
atian in dus tries and po ten tial in ves tors in the IP that re sult from the
work of the Cro atian R&D sec tor. Ex pected lon ger-term eco nomic im pact
should be re al ized by many stake holders. Some of the mea sur able eco -
nomic im pacts in cluded the fol low ing:

• im proved ef fi ciency of the re search pro cess by be ing more mar -
ket-driven

• en hanced sci en tific ca pa bil i ties by more closely cor re lat ing re search ac -
tiv i ties to mar ket op por tu ni ties, thus fos ter ing new col lab o ra tive fund -
ing re la tion ships be tween ac a de mia, R&D in sti tutes and in dus try

• by fo cus ing more on mar ket op por tu ni ties, the R&D sec tor will be mak -
ing more con tri bu tions to re gional and global sci ence and tech nol ogy
ini tia tives, thereby mak ing it more cred i ble and com pet i tive

• these ac com plish ments and mo ti va tions will pro vide more op por tu ni ties 
for stu dents and re search ers of high cal i bers to tar get ca reers in sci ence 
and tech nol ogy, thus strength en ing Croatia’s over all base of hu man and 
in tel lec tual cap i tal

• above con di tions make for a higher qual ity of life and liv ing stan dards,
which in turn will make Croatia a more at trac tive lo ca tion in which to
live and in vest.

The CARDS Pro gram “In tel lec tual Prop erty Rights In fra struc ture for
the Re search and De vel op ment Sec tor in Croatia” was com prised of three 
main com po nents:

• Com po nent 1 – In sti tu tional and le gal frame work

• ge neric pro ce dures for IP pro tec tion, val u a tion of com mer cial po ten -
tial prior to pub li ca tion and tech nol ogy trans fer op tions are de vel -
oped;

• the spe cial ized-cen tral sup port unit on IP rights and R&D sec tor op -
er ates ef fi ciently;
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• the es tab lished net work be tween gov ern ment bod ies and R&D in sti -
tu tions ac tively sup ports func tional links be tween stake holders na -
tional/lo cal level

• Com po nent 2 – Tar geted train ing and pub lic aware ness

• crit i cal mass of key ac tors im proved their knowl edge, skills and at ti -
tudes to ef fec tively en force and fos ter in no va tive ca pac i ties in the
field of IP pro tec tion and com mer cial iza tion;

• stra te gic el e ments for ex ten sive ap pli ca tion of new IPR con cepts
among the wider pub lic are re in forced

• Com po nent 3 – Im ple men ta tion in the R&D in sti tu tions-pi lot
pro ject

• the ba sis for a sus tain able and self sup port ing sys tem of IP pro tec -
tion and ex ploi ta tions es tab lished

Gen eral struc ture of pro ject

In or der to fa cil i tate this com pre hen sive tech ni cal as sis tance pro gram, a
se ries of six 3-day work shops was held around Croatia on the sub ject of
IP rights, the first of which was held from Sep tem ber 26-28, 2006. These
work shops fo cused on the busi ness as pects of IP rights. Over all of 142 at -
ten dees were from ac a de mia, the R&D sec tor of in dus try, re search in sti -
tutes, gov ern ment of fices and other sources. 36 at ten dees con tin ued their 
ed u ca tion on to a much more in ten sive Train the Train ers event that was 
held over a to tal 9-day pe riod (three train ing mod ules of three days each
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spread over No vem ber 2006, Feb ru ary 2007 and March 2007). The grad u -
ates from that event re turned to their workplaces to fa cil i tate ad di tional
train ing amongst col leagues and to im ple ment tech nol ogy com mer cial iza -
tion and IP pro tec tion ac tiv i ties to val o rize any valu able ex ist ing and fu -
ture IP from their re spec tive or ga ni za tions. Among the key R&D in sti -
tutes that have been iden ti fied to be in volved in CARDS pi lot pro ject
were the Brodarski In sti tute, The Ruðer Boškoviæ In sti tute and the Fac -
ulty of Food Tech nol ogy and Bio tech nol ogy of the Uni ver sity of Zagreb.
Dur ing the pro ject, 9 pi lot lo ca tions have re ceived a prac ti cal tai lor-made
as sis tance in es tab lish ing and main tain ing their IPR is sues:

1. Ruðer Boškoviæ In sti tute/ Rudjer In no va tions (www.irb.hr)

2. Fac ulty for Food Tech nol ogy and Bio tech nol ogy (www.pbf.hr)

3. Fac ulty of Elec tri cal En gi neer ing and Com put ing, FER, (www.fer.hr)

4. Fac ulty of Me chan i cal En gi neer ing and Na val Ar chi tec ture, Cen ter
for Tech nol ogy Trans fer (www.ctt.hr)

5. Brodarski In sti tute (www.hrbi.hr)

6. Uni ver sity of Split + TEMPUS CREATE (www.cre ate-pro ject.info)

7. Uni ver sity of Rijeka + STeP (www.uniri.hr/step-ri)

8. Tech nol ogy De vel op ment Cen ter Uni ver sity of Osijek TERA
(www.tera.hr)

9. The Uni ver sity of Zagreb (http://www.unizg.hr)

Man ual “A Prac ti cal Guide to the Mod els, Pro cesses and Pro ce dures of
Tech nol ogy and Knowl edge Trans fer from Uni ver si ties and Pub lic Re -
search In sti tutes” has been pub lished and dis trib uted to pi lot lo ca tions
for the fur ther use (6).

PHARE 2006 CROATIA “Ca pac ity Build ing in Tech nol ogy Trans fer In sti tu tions 
in Or der to En hance Re search Com mer cial iza tion Ac tiv i ties”

The PHARE 2006 Croatia Pro ject “Ca pac ity Build ing in Tech nol ogy
Trans fer In sti tu tions in Or der to En hance Re search Com mer cial iza tion
Ac tiv i ties” was es tab lished with the wider ob jec tive of strength en ing the
co op er a tion be tween sci ence and in dus try and fos ter ing com mer cial iza -
tion of re search re sults. This ob jec tive was to be achieved by build ing the
ca pac ity of tech no log i cal de vel op ment in sti tu tions and tech nol ogy trans -
fer cen ters which are part of the in sti tu tional frame work of the Cro atian
in no va tion sys tem. Spe cif i cally, it was en vis aged to sup port emerg ing
tech nol ogy trans fer ac tiv i ties across Croatia by pro vid ing as sis tance to
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the pro cess of Con tin u ing pro fes sional de vel op ment (CPD) for some 20
Tech nol ogy Pro fes sion als (TP) who were de vel op ing a ca reer in the tech -
nol ogy trans fer area in Croatia and who could dem on strate that in tel lec -
tual prop erty or tech nol ogy trans fer would form part of their main job de -
scrip tion. Ca pac ity build ing can take many forms and typ i cally in cludes
work shops, lec tures, in di vid ual con sult ing ses sions and study tours. This
pro ject en com passed all these for mats over an eight month pe riod.

Dur ing the course of this PHARE pro ject the 3 per son ex pert team (Lisa
Cowey, MBA-Team Leader, Lidija Stopfer from Rudjer In no va tions Ltd.
and Sa rah McNaughton from ISIS In no va tion, Ox ford Uni ver sity)
worked with par tic i pants to mon i tor their de vel op ment against a need
anal y sis and a per sonal learn ing plan. This Plan was spe cif i cally de signed 
to help par tic i pants to mea sure the re sults of their com mit ment to
the Continuing Pro fes sional De vel op ment course. To cap ture the
results of this pro ject, a se ries of Case Stud ies have been de vel oped as fol -
lowed:

• In tel lec tual prop erty rights cur ric u lum

• In tel lec tual prop erty pol icy de vel op ment

• Pi lot ing pro cesses-dis clo sure/due dil i gence/eval u a tion

• Mar ket ing your in no va tions

• En gag ing with po ten tial li cens ees

• Add ing value-le ver ag ing new skills

• Study tour-trans fer ring good prac tice and fos ter ing net work ing (7).

The Role of Cro atian Acad emy of En gi neer ing as a Mem ber
of CAETS and EuroCASE in IPR Pro mo tion

To meet the need of the times, the Cro atian Acad emy of En gi neer ing was
es tab lished in 1993. The Acad emy is a na tional, in de pend ent non-profit
re search or ga ni za tion com posed of elected mem bers with the high est
honor in the com mu nity of en gi neer ing and tech no log i cal sci ences of the
na tion. Its mis sions are to ini ti ate and con duct stra te gic stud ies, pro vide
con sul tancy ser vices for de ci sion-mak ing of na tion’s key is sues in en gi -
neer ing and tech no log i cal sci ences pro mot ing the de vel op ment of in tel lec -
tual prop erty rights pro tec tion of for eign and of course own new tech no -
log i cal knowl edge in Croatia. As the pres ti gious ad vi sory in sti tu tion in
Croatia’s en gi neer ing sci ence and tech nol ogy, the acad emy also boasts
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with groups of mem bers with out stand ing in ter na tional ref er ences and
con tri bu tions to en gi neer ing and tech no log i cal sci ences in clud ing bio sci -
ences, which can also serve within other acad e mies mak ing an enor mous
team of ex perts with over 11,000 par tic i pants. Mem bers of the Acad emy
will strengthen ties with in ter na tional or ga ni za tions such as the In ter na -
tional Coun cil of Acad e mies of En gi neer ing and Tech no log i cal Sci ences
(CAETS) and EuroCASE to carry out ex changes and co op er a tion with en -
gi neer ing sci ence and tech nol ogy teams of all coun tries in the world, but
also through the United Na tions Eco nomic Com mis sion for Eu rope
(UNECE) which was set up in 1947. It is one of five re gional com mis sions 
of the United Na tions. Its ma jor aim is to pro mote pan-Eu ro pean eco -
nomic in te gra tion. To do so, UNECE brings to gether 56 coun tries (in -
clud ing Croatia from 22 May 1992, rep re sented by Mirjana Mladineo) lo -
cated in the Eu ro pean Un ion, non-EU West ern and East ern Eu rope,
South-East Eu rope and Com mon wealth of In de pend ent States (CIS) and
North Amer ica. All these coun tries di a logue and co op er ate un der the
aegis of the UNECE on eco nomic and sec toral is sues. It pro vides anal y sis, 
pol icy ad vice and as sis tance to gov ern ments, it gives fo cus to the United
Na tions global man dates in the eco nomic field, in co op er a tion with other
global play ers and key stake holders, no ta bly the busi ness com mu nity.
The UNECE also sets out norms, stan dards and con ven tions to fa cil i tate
in ter na tional co op er a tion within and out side the re gion.

In 2007 UNECE was host ing in Geneva an In ter na tional Con fer ence on
“In tel lec tual Prop erty Rights Pro tec tion and Trans form ing Re search and 
De vel op ment Out puts into In tan gi ble As sets in Econ o mies in Tran si -
tion”, fol lowed by the an nual meet ing of the UNECE Team of Spe cial ists
on In tel lec tual Prop erty.

Ex perts from na tional IP of fices and min is tries, in ter na tional or ga ni za -
tions, re search in sti tu tions and the busi ness com mu nity will meet to dis -
cuss good prac tices and pol i cies in in tel lec tual prop erty com mer cial iza -
tion, and pro tec tion and rights en force ment in the UNECE re gion, with a 
spe cial fo cus on coun tries with econ o mies in tran si tion.

A well-de signed in tel lec tual prop erty re gime in creases na tional wealth
and ben e fits con sum ers by stim u lat ing re search and in vest ment into new 
tech nol o gies and in no va tive prod ucts, and by en abling the trans fer of
tech nol ogy be tween coun tries at dif fer ent stages of eco nomic de vel op -
ment. In no va tive in dus tries are key driv ers of eco nomic growth and key
pro vid ers of well-pay ing jobs, thus con trib ut ing to the achieve ment of
broad de vel op ment ob jec tives.
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How ever, these ben e fits are not au to matic. In ad e quate le gal, reg u la tory
and pol icy frame works un der pin ning IP can hold back eco nomic de vel op -
ment. They can un der mine the in cen tives to in vest in re search and de vel -
op ment, im pede the dif fu sion of tech nol ogy, con trib ute to eco nomic losses 
from IP-re lated crime, and add to pub lic health and safety haz ards from
un safe coun ter feit goods.

The role of en gi neer ing acad e mies in the in ter na tional col lab o ra tion on
the de vel op ment and us age of Internet-based com mu ni ca tion for the
trans fer of knowl edge and ex pe ri ence in IPPR is very im por tant. The col -
lab o ra tion acad e mies from Aus tria, Slovenia, Croatia, and Hun gary
might be a good base of the in ter na tional col lab o ra tion since these four
coun tries have a long his tory of col lab o ra tion with sim i lar cul tures and
closer lo ca tion.

IP Ed u ca tion in Con tin u ing Pro fes sional De vel op ment
and Life long Learn ing

Once at work, the stu dent (en gi neer or sci en tist) is more likely to be
drawn more to wards “vo ca tional” or “prag matic” train ing out comes
rather than “ac a demic” con sid er ation of the sub ject. Nev er the less, the
range of in tel lec tual prop erty ed u ca tion top ics in the work con text can be 
wide. In ter ests will in clude the prac ti cal as pects of rec og ni tion, pro tec -
tion, ex ploi ta tion and en force ment of rights: hu man re source is sues; stra -
te gic is sues; na tional and in ter na tional is sues. There have been re -
sponses from in dus try to the needs of peo ple al ready in work want ing to
un der stand more about in tel lec tual prop erty. This ac tiv ity is un der the
scope of the Cen ter of Life long Learn ing of the Cro atian Acad emy of En -
gi neer ing.
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Bio med i cal En gi neer ing World wide –
Cel e brat ing the 50th An ni ver sary of the IFMBE

Ab stract

In the past few de cades, med i cine and health care have changed dra mat i -
cally and be came de pend ent on high tech nol ogy in pre ven tion, di ag no sis
and treat ment of dis eases as well as in pa tient re ha bil i ta tion. Mod ern
bio med i cal re search and health care de pend on multidisciplinary teams
in which bio med i cal en gi neers equally con trib ute to the ad vance ment of
knowl edge. Bio med i cal en gi neer ing re search and de vel op ment rep re sent
(in ad di tion to sus tain able power sources) the most rap idly grow ing
branch of in dus try in the de vel oped world. The new knowl edge won
through the re search in ba sic bio med i cal en gi neer ing (at gene, mo lec u lar, 
cel lu lar, or gan and sys tem level) in flu ences ap plied re search and boosts
new in dus tries, in clud ing small and me dium size en ter prises which bring 
to the mar ket new prod ucts and ser vices for health care de liv ery. Health
is the ma jor theme of the spe cific Programme on Co op er a tion un der
the European Sev enth Frame work Programme, with a to tal bud get
of € 6.1 bil lion over the du ra tion of FP7. The ob jec tive of health re search
un der FP7 is to im prove the health of Eu ro pean cit i zens and stir up the
com pet i tive ness of health-re lated in dus tries and busi nesses, while ad -
dress ing global health is sues. Grow ing tech no log i cal par tic i pa tion in



health ser vices has also pointed out the need of hos pi tals and other med i -
cal in sti tu tions for sup port of tech no log i cally spe cial ized per son nel
trained spe cially for use of all kinds of high tech nol ogy de vices in clud ing
the hos pi tal in for ma tion sys tems, net works and their safety and se cu rity.
These pro fes sion als are trained clin i cal en gi neers. There fore, in Eu rope
and world wide the ed u ca tional sys tem has not only adopted the cur ric ula
for bio med i cal en gi neer ing as well as for clin i cal en gi neer ing but is also
build ing cer tif i ca tion sys tem for bio med i cal and clin i cal en gi neers and
the con tin u ous ed u ca tion (life long learn ing) struc tures. The de vel op -
ment of bio med i cal en gi neer ing and its af fir ma tion has mainly ap peared
in the lat est 50 years, first as a re sult of de vel op ment in elec tronic in dus -
try while later it started de vel op ing at its own pace. The first part of this
pa per is de voted to the In ter na tional Fed er a tion for Med i cal and Bio -
logical En gi neer ing (IFMBE), the larg est or ga ni za tion of bio med i cal
 engineers in the world. The IFMBE cel e brated its 50th an ni ver sary
in 2009. In the sec ond part we would like to re view the back ground
and the state of art of bio med i cal en gi neer ing re search and ed u ca tion in
Croatia.

Key words: Bio med i cal en gi neer ing, In ter na tional Fed er a tion for Med i -
cal and Bi o log i cal En gi neer ing, Cro atian Med i cal and Bi o log i cal En gi -
neer ing So ci ety, Health Care

In tro duc tion

Bio med i cal En gi neer ing is an in ter dis ci plin ary field of en gi neer ing which
in te grates phys i cal, chem i cal, math e mat i cal, and com pu ta tional sci ences
and en gi neer ing prin ci ples with the study of bi ol ogy, med i cine, be hav ior
and health. The fun da men tals of bio med i cal en gi neer ing lie in en gi neer -
ing, bi ol ogy and med i cine, and its aim is to im prove hu man health and
qual ity of life. It is im por tant to no tice that bio med i cal en gi neer ing ad -
vances fun da men tal con cepts and cre ates knowl edge from mo lec u lar and
cel lu lar level to the level of or gans and the body as a sys tem. Re search in
bio med i cal en gi neer ing brought new de vices, ma te ri als, pro cesses and im -
plants as well as new al go rithms in sig nal and in for ma tion pro cess ing
and con trib uted sig nif i cantly to the trans for ma tion of bi ol ogy into a nu -
mer i cal sci ence. New tech nol o gies are im ple mented in pre ven tion, pre dic -
tion, di ag nos tics and treat ment of dis ease, pa tient care and re ha bil i ta tion 
and in im prov ing health care and med i cal prac tice (Tonkovic, 2004).
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Though ev i dence of en gi neer ing ef forts to im prove hu man health can be
found very early in hu man his tory (like limb pros the ses, canes, crutches,
wooden teeth) in this pa per the em pha sis is given to the de vel op ment of
bio med i cal en gi neer ing dur ing the last half cen tury, the so cial im pact of
bio med i cal en gi neer ing world wide with a look for ward into the fu ture
and into hu man ex pec ta tions.

This mod ern his tory of bio med i cal en gi neer ing is mainly founded on the
in ven tion of the sil i con tran sis tor in 1947. The tran sis tor, a small and re -
li able de vice as com pared to the elec tronic tubes, en abled de vel op ment of
a large num ber of elec tronic med i cal de vices for hos pi tals and out door
med i cal fa cil i ties. First med i cal elec tronic de vices were per haps sim ple,
but with years they have turned into a com pli cated equip ment like di al y -
sis ma chines, dif fer ent equip ment for med i cal im ag ing, ar ti fi cial or gans
and ac tive im plants. An ex am ple of fast grow ing com plex ity of med i cal
de vices are implantable car diac pace mak ers. Pace mak ers were the first
elec tronic de vice ever im planted into a hu man body and are con sid ered
the most suc cess ful ther a peu tic de vice ever in vented for sav ing hu man
life and im prov ing the qual ity of life of pa tients. When the first car diac
pace maker was im planted in Oc to ber 1958, it was a hockey puck size de -
vice, it had only one sil i con tran sis tor and it was pow ered by two re -
charge able bat ter ies. Though the first model of pace maker failed af ter
only a few hours (the pa tient sur vived and lived for an other 43 years af -
ter a se ries of pace maker re-im plan ta tions), al ready in 1960, se rial pro -
duc tion of pace mak ers started. Dur ing the last 50 years, the implantable
car diac pace mak ers have dra mat i cally changed its de sign and be came
 sophisticated, au to mated ma chines con sist ing of a com puter with com -
putational power of a con tem po rary per sonal com puter; sen sors for
 acquisition of sig nals from the pa tient body and its sur round ing; com mu -
ni ca tion cir cuits that en able ex change of in for ma tion be tween the pace -
maker and the phy si cian, and fi nally, an out put am pli fier that gen er ates
pulses to stim u late the heart. Implantable pace mak ers de vel oped in the
last de cade en able the adopt ing of the rate of gen er ated heart stim uli to
the needs of the ac tiv ity of the pa tient, i.e. de vice con trolled, but phys i o -
log i cal paced heart rate. Fur ther more, the bat ter ies de vel oped in the last
de cade have the ca pac ity to work prop erly with out re charg ing for nearly
20 years, im planted in a her met i cally sealed cas ing to gether with the
elec tronic cir cuits into the hu man body (Magjarevic and Ferek-Petric,
2010).

Pace mak ers can also serve as an ex am ple how bio med i cal en gi neer ing
and other en gi neer ing fields sup ple ment each other (Fig. 1).
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The ti ta nium tech nol ogy used to day for her metic en cap su la tion of
the electronic parts of the pace maker and of the bat tery came from the
NASA space pro gram, while the lith ium bat tery tech nol ogy de vel oped for
pace mak ers is the best can di date for pow er ing elec tri cal cars of the fu -
ture.

It is how ever dif fi cult to enu mer ate all the suc cess ful im ple men ta tions of
bio med i cal en gi neer ing achieve ments for health care in such a short ar ti -
cle, but the tech nol o gies will con tinue to de velop and change due to the
ex changed needs of the health care (Andrade, 1994), (Madhavan et al,
2008). With the ag ing so ci ety, the health care will tran sit to pa tients
home, pa tients will use e-health and m-health ser vices more (Istepanian
and Pattichis, 2006), and it is ex pected that e-health will em power
the  patients due to in for ma tion pres ent in the Internet. How ever,
the idea of enhanced use of e-health raises also the ques tions of safety
of the pa tients and se cu rity of the data (Higson, 2002). A new type
of technologies is be ing de vel oped, in or der to sup port ex tended life
 expectancy and ex tended ex pec tancy for pro longed life qual ity (Dorf,
2006). In such a con stantly and rap idly chang ing en vi ron ment, it is ob vi -
ous that an in ter na tional sup port and col lab o ra tion plat form for bio med i -
cal engineers and other scientists and professionals in health care is a
must.
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Figure 1. Implantable cardiac pacemakers. A replica of an implantable pacemaker
from the early generation, Siemens-Elema, (1960) (left) and a modern

implantable pacemaker, Medtronic Kappa KSR 906, (2002) (right).



1. In ter na tional Fed er a tion for Med i cal and Bi o log i cal En gi neer ing

The In ter na tional Fed er a tion for Med i cal
and Bi o log i cal En gi neer ing (IFMBE)
(www.ifmbe.org), is pri mar ily a fed er a tion
of national and trans na tional or ga ni za tions
(Fig 2.). These or ga ni za tions rep re sent na -
tional in ter ests in med i cal and bi o log i cal en -
gi neer ing: build ing up bio med i cal en gi neer -
ing and health re search and pro fes sional net -
works, ex change of knowl edge, fos ter ing in -
ter na tional mo bil ity of re search ers and stu -
dents, mak ing med i cal and en gi neer ing
knowl edge and health care avail able to all.
The ob jec tives of the IFMBE are sci en tific,
tech no log i cal, lit er ary, and ed u ca tional. Within the field of med i cal, bi o -
log i cal and clin i cal en gi neer ing, the aims of IFMBE are to en cour age
research and the application of knowledge, to disseminate information
and to promote collaboration.

1.1. 50th An ni ver sary of the IFMBE

The In ter na tional Fed er a tion was founded in 1959 in Paris in the
UNESCO build ing dur ing the 2nd In ter na tional Meet ing of en gi neers, phy -
si cians and phys i cists who were mainly re search ing and de vel op ing in the
field of Med i cal Elec tron ics, there fore also the ini tial name In ter na tional
Fed er a tion for Med i cal Elec tron ics and Bi o log i cal En gi neer ing. At that
time there were few na tional bio med i cal en gi neer ing so ci et ies. For this rea -
son re search ers and pro fes sion als in the dis ci pline joined the Fed er a tion as 
As so ci ates. Later, as na tional so ci et ies were formed, these so ci et ies be came 
af fil i ates of the Fed er a tion. In the mid-six ties, the name was then changed
to In ter na tional Fed er a tion for Med i cal and Bi o log i cal En gi neer ing.

As the Fed er a tion grew, its con stit u ency and ob jec tives changed. In the early 
days of the Fed er a tion, clin i cal en gi neer ing al ready de vel oped as a sub-dis ci -
pline, and their num ber in mem ber ship be came sig nif i cant. There fore also
the aims of the IFMBE had to be adopt ing and be sides re search and de vel -
op ment, clin i cal en gi neer ing was in cluded (Da vid et al, 2003).

In April 2010, the Fed er a tion has an es ti mated num ber of 120,000 mem -
bers in 60 af fil i ated na tional or trans na tional BME or ga ni za tions.
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1.2. In ter na tional Li ai sons

The IFMBE has also achieved a close as so ci a tion with the In ter na tional
Or ga ni za tion of Med i cal Phys ics (IOMP) (www.iomp.org). Since 1976, the 
two or gani sa tions have been jointly or ga niz ing in ter na tional con fer ences
ev ery three years. The two in ter na tional bod ies have es tab lished the In -
ter na tional Un ion for Phys i cal and En gi neer ing Sci ences in Med i cine
(IUPESM) (www.iupesm.org) and they act to gether on in ter na tional
scene in mat ters re lated to health and pa tients. IUPESM is rec og nized by 
the In ter na tional Coun cil of Sci en tific Un ions (ICSU) (www.icsu.org),
rep re sent ing a global mem ber ship that in cludes both na tional sci en tific
bod ies (106 mem bers and as so ci ates) and in ter na tional sci en tific un ions
(30 mem bers). The mem ber ship of IUPESM in the ICSU is im por tant be -
cause it gives vis i bil ity and le git i macy to the pro fes sion of bio med i cal en -
gi neers and med i cal phys i cists. The ICSU starts global pro jects such as
the inter-un ion ini tia tive on Sci ence for Health and Well Be ing which in
dif fer ent time pe ri ods deal with spe cific top ics, e.g. Sci ence and Tech nol -
ogy in the Care of Pa tients and Per sons with Dis abil i ties or The Impact of
Technology on Hypercommunicable Disease Processes.

Dur ing the last de cade the IFMBE has suc cess fully pro moted bio med i cal
en gi neer ing at con fer ences and meet ings, vis ited not only by sci en tists,
but also by po lit i cal de ci sion mak ers, rep re sen ta tives of the health care
sys tems and the med i cal de vice in dus try. Ac tive co op er a tion of IFMBE
with the World Health Or ga ni za tion (WHO), where IFMBE acst as the
only ac cred ited non-gov ern men tal or ga ni za tion (NGO) from the field of
bio med i cal en gi neer ing, en abled the Fed er a tion to pres ent sev eral res o lu -
tions which are im por tant for bio med i cal en gi neer ing as a pro fes sion and
for tech nol ogy in med i cine in gen eral (WHA, 2007). IFMBE is in volved in 
a num ber of global ini tia tives that pro mote health: the World Al li ance for 
Pa tient Safety, the Global Health Workforce Al li ance, the Health Ac tions
in Cri ses Ini tia tive and the Global Health Pro fes sions Net work. It is
pres ent in the World Stan dards Co op er a tion as the rep re sen ta tive of the
users – patients in matters of medical equipment and technology safety
and security matters.

1.3. Re search and Pub li ca tions

IFMBE is pri mar ily a learned so ci ety and its aim is to en cour age BME re -
search and ap pli ca tion of knowl edge for the ben e fit of sci ence and pa -
tients. How ever, it does not fund sci en tific re search pro jects. In or der to
con trib ute to the ex change of knowl edge, the Fed er a tion has been
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 publishing since 1962 the peer re viewed jour nal Med i cal and Bi o log i cal
En gi neer ing and Com put ing (MBEC), and the elec tronic ver sion of the
Jour nal is avail able on-line (MBEC, 2010). Though MBEC is a “gen eral”
bio med i cal en gi neer ing jour nal, the ed i tors fos ter pub lish ing of spe cial
the matic is sues, e.g. on Sim u la tion and Mod el ling (Magjarevic, 2004),
Microbubbles (Cosgrove and Harvey, 2009), Shoul der Biomechanics
(Giovanni Cutti and Veeger, 2009) or Ar te rial Hemodynamics (Avolio et
al, 2009). On yearly ba sis, the Jour nal awards the best pa per pub lished in 
MBEC the Night in gale Prize (Spaan, 2007), (Huang et al, 2008). Since
2006, the IFMBE Pro ceed ings Se ries which cov ers pub li ca tion of pa pers
from IFMBE spon sored con fer ences and some of the IFMBE endorsed
conferences is also available at the same web site.

2. Bio med i cal En gi neer ing in Croatia

2.1. Cro atian Med i cal and Bi o log i cal En gi neer ing So ci ety – a Short His tory

The Cro atian Med i cal and Bi o log i cal En gi neer ing So ci ety (CROMBES)
(CROMBES, 2010) was founded in 1992, con tin u ing the tra di tion of the
Cro atian Sec tion of the for mer Yu go slav BME So ci ety (founded in 1984).
The pi o neer of bio med i cal en gi neer ing in Croatia is Prof. Ante Šantiæ.
Prof. Šantiæ re ceived his D.Sc. de gree in 1966 in elec tri cal en gi neer ing
from the Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing. The ap -
pli ca tion of the para met ric am pli fi ers that Prof. Šantiæ elab o rated in his
the sis was in re cord ing of bioelectric po ten tials, in par tic u lar in re cord ing 
of the po ten tials of the brain (EEG) (Šantiæ, 1974). As the head of Elec -
tron ics Lab o ra tory at the In sti tute of Elec tri cal En gi neer ing in Zagreb,
he worked on the re search and de vel op ment of spe cial elec tronic in stru -
men ta tion and started de vel op ing med i cal elec tronic in stru men ta tion,
par tic u larly elec tro en ceph a lo graphs (EEG), in which the In sti tute be -
came the lead ing man u fac turer in Cen tral Eu rope. In 1970, he joined the
Fac ulty of Elec tri cal En gi neer ing Uni ver sity of Zagreb as a Pro fes sor.
From 1971, he started a new course in Bio med i cal Elec tron ics and
founded the Bio med i cal Elec tron ics Lab o ra tory. His re search ac tiv i ties
were in the field of spe cial mea sure ment in stru men ta tion and bio med i cal
elec tron ics and in the lat est years of his ac tiv ity in in fra red biotelemetry,
non-in va sive mea sure ments (blood pres sure mea sure ment), gait anal y sis
and pulse plethysmography (Šantiæ and Neuman, 1977), (Šantiæ, 1991),
(Šantiæ et al, 2002). He is the au thor of two text books: “Elec tronic instru -
mentation” and “Bio med i cal Elec tron ics” (Šantiæ, 1995). For his  research,
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Prof. Šantiæ was rec og nized in ter na tion ally and at the na tional level. He
was the first Eu ro pean BME re searcher to re ceive the IEEE EMBS Ca -
reer Achieve ment Award for his “fun da men tal and pi o neer ing con tri bu -
tions to the de vel op ment and con struc tion of EEG, EMG and ENG In stru -
men ta tion and for his lead er ship in cre at ing bio med i cal en gi neer ing
courses in Eu rope” in 2003. The EMBS Ca reer Achieve ment Award is
pre sented an nu ally to an in di vid ual who has made sig nif i cant con tri bu -
tions through a dis tin guished ca reer of twenty years or more in the field
of Bio med i cal En gi neer ing, as an ed u ca tor, re searcher, de vel oper or
administrator.

2.2. Cro atian Med i cal and Bi o log i cal En gi neer ing
So ci ety – to day

CROMBES has over 100 mem bers – sci en tists
and ex perts in volved in dif fer ent sci en tific fields
of bio med i cal en gi neer ing and med i cal phys ics
(Fig 3.). This is rather un usual for most Eu ro -
pean coun tries, but it is not an ex cep tion (for ex -
am ple, In sti tute of Phys ics and En gi neer ing in
Med i cine in UK). The suc cess ful de vel op ment of
bio med i cal en gi neer ing in Croatia in the first de -
cade of the 21st cen tury was con tin ued un der the
lead er ship of Prof. Stanko Tonkoviæ (Fig 4. ). At
the in ter na tional scene, the key role in de vel op -
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Figure 4. Prof. Tonkoviæ awarded Honorary President of the Croatian Medical
and Biological Engineering Society (Zagreb, February 2010)

Figure 3. The logo of
the Croatian Medical

and Biological
Engineering Society



ing col lab o ra tion and re search has been played by Prof. Ratko Magjareviæ 
who held the of fice of the Sec re tary Gen eral of the IFMBE from
2003-2009 and was elected IFMBE Pres i dent-Elect in 2009 (Fig. 5).

Dr. Velimir Išgum, Mr. Petar Milièiæ and Dr. Mario Medvedec have made a 
ma jor con tri bu tion to the de vel op ment of Clin i cal En gi neer ing in Croatia
and started build ing up the con di tions for rec og niz ing the pro fes sion of
clin i cal en gi neer in Croatia. Dr. Medvedec serves also in the Clin i cal En -
gi neer ing Di vi sion of the IFMBE. Dr. Igor Lackoviæ has joined the Young
Pro fes sion als and Ca reer De vel op ment Com mit tee of the IFMBE in or der 
to en able the af fir ma tion of young Cro atian ex perts in the field also in ter -
na tion ally. In med i cal phys ics, Prof. Mladen Vrtar, Mr. Nenad Kovaèeviæ
and Mr. Tomislav Viculin built the foun da tions of the pro fes sion, which
re sulted in the rec og ni tion of spe cial ist post grad u ate stud ies in med i cal
phys ics and in clu sion of Cro atian lan guage in the EMITEL Dic tio nary of
Med i cal Phys ics, published on Internet (EMITEL, 2010) and to be
published from Wiley as well.

CROMBES is ac tive in pro mot ing clin i cal en gi neer ing and in co op er a tion
with IFMBE it has been work ing on pro jects for reg is ter ing and cer ti fy ing
clin i cal en gi neers as well as on pre par ing a pro gram for their continuous
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Figure 5. New members of the Administrative Council of the IFMBE
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ed u ca tion. Within CROMBES, there are three pro fes sional sec tions: Clin -
i cal En gi neer ing, Med i cal Phys ics, and Biomechanics Sec tion, re spec -
tively. They are es pe cially ac tive within the clin i cal en vi ron ment. The So -
ci ety col lab o rates very closely with the State Of fice for Stand ardi sa tion
and Me trol ogy, par tic u larly with the Tech ni cal Com mit tee TC-62, on the
har mo ni sa tion of Cro atian Stan dards rel e vant for med i cal equip ment
with Eu ro pean and In ter na tional Stan dards. Since 2002, CROMBES has
an nu ally pre sented award for the best di ploma pa per in the in ter dis ci -
plin ary field of bio med i cal en gi neer ing to stu dents of the Uni ver sity of
Zagreb.

2.3. In ter na tional Li ai sons

Since 1993, the So ci ety has been a full mem ber of the In ter na tional Fed -
er a tion for Med i cal and Bi o log i cal En gi neer ing (IFMBE) and the Eu ro -
pean Fed er a tion for Med i cal Phys ics (EFOMP, 2010). Later the So ci ety af -
fil i ated also to the In ter na tional Or gani sa tion for Med i cal Phys ics (IOMP, 
2010) and the Eu ro pean Al li ance for Bio med i cal En gi neer ing and Sci ence 
(EAMBES, 2010). CROMBES has been the plat form for in ter dis ci plin ary
co op er a tion in bio med i cal en gi neer ing in Croatia and in ter na tion ally. In
the pre vi ous de cade, CROMBES has sig nif i cantly im proved in ter na tional
co op er a tion with for eign uni ver si ties through re search pro jects. We have
also or ga nized sev eral in ter na tional sci en tific meet ings like: 8th In ter na -
tional IMEKO Con fer ence on Mea sure ment in Clin i cal Med i cine,
Dubrovnik 1998; 9th Med i ter ra nean Con fer ence on Med i cal and Bi o log i -
cal En gi neer ing and Com put ing-MEDICON 2001, Pula 2001; 1st In ter na -
tional Sum mer School: Ap pli ca tions of ICT in Biomedicine, Dubrovnik
2002; and in co op er a tion with med i cal phys i cists 2nd Aus trian, Ital ian,
Slovenian and Cro atian Med i cal Phys ics Meet ing-AISCMP, in Opatija
2006. In 2010, we sup ported the 17th International Conference on
Biomagnetism organized in Dubrovnik.

2.4. BME Re search in Croatia

Mem bers of CROMBES par tic i pate in var i ous Cro atian and in ter na tional 
re search pro jects and pro grams. Among these dif fer ent pro jects, we es pe -
cially em pha size na tional sci en tific re search pro jects “Non in va sive mea -
sure ments and meth ods in biomedicine” and “In tel li gent Im age Pro cess -
ing and Anal y sis Meth ods” en dorsed by the Min is try of Sci ence, Ed u ca -
tion, and Sports of the Re pub lic of Croatia. The pro jects are based on
mod ern tech nol o gies and have the po ten tial not just for fur ther re search
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and de vel op ment but for the im ple men ta tion of achievements in clinical
practice and by industry.

The main re search ac tiv i ties in bio med i cal en gi neer ing in Croatia are car -
ried out at the Uni ver sity of Zagreb Fac ulty of Elec tri cal En gi neer ing and 
Com put ing. Re search of the Elec tronic and Bio med i cal In stru men ta tion
Group is de voted to biosignal mea sure ment and pro cess ing meth ods (Aliæ 
et al. 2006), in par tic u lar of the heart (sur face and esoph a geal ECG)
(Sovilj et al. 2009), mus cle (Cifrek et al. 2009), (Medved and Tonkoviæ,
2004) and the brain, as well as bioimpedance mea sure ment meth ods
(Lackoviæ and Stare, 2007), (Tonkoviæ, 2001) and in stru men ta tion in clud -
ing char ac ter iza tion of bioelectrodes (Paæelat et al., 2000). The re search
of com pu ta tional mod el ling of elec tric (Pavlin et al., 2005) and ther mal
ef fects in tis sue dur ing electroporation-based treat ments (Lackoviæ et al.,
2009) is aimed to de velop de vices for min i mally in va sive ther a peu tic pro -
ce dures in can cer treat ment and for heart ther apy (Ferek et al, 1984)
(Fig. 6).

Net worked sen sor sys tems for phys i o log i cal pa ram e ters mon i tor ing and
pro cess ing of ex tracted in for ma tion in or der to build up per son al ised in -
tel li gent mo bile health sys tems for health care sup port rep re sent a new
field of re search and de vel op ment. Re search in the Sen sors and Elec -
tronic In stru men ta tion Group in cludes a num ber of bio med i cal top ics
such as math e mat i cal mod el ing for ex trac tion of 3-D con tent from im ages 
(Pribaniæ et al. 2010) and meth ods, al go rithms, and soft ware pack ages
that best im ple ment these mod els, cam era (self) cal i bra tion, 3D struc tured 
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Figure 6. New drug delivery technology based on electropermeabilisation. The figure
shows a computer simulation of the increase of temperature around a needle
electrode used for electrochemotherapy (ECT) during the standard ECT protocol.

Mesh generation (left), temperature distribution (right).



light scan ning, im age fea ture ex trac tion, marker track ing, sur face reg is -
tra tion, com puter vi sion the ory and meth ods for hu man mo tion anal y sis
(Fig. 7).

Im age Pro cess ing Group con ducts re search in the ory and ap pli ca tions for 
in tel li gent im age pro cess ing, pat tern rec og ni tion and com puter vi sion
meth ods with ap pli ca tions in med i cal im age anal y sis and bio med i cal im -
ag ing (Lonèariæ, 2005), (Subašiæ et al, 2005). The main re search prob lems 
in clude im age fea ture ex trac tion, im age seg men ta tion, im age reg is tra -
tion, and mo tion anal y sis. Re search has been con ducted for real-time
intravascular cath e ter track ing from X-ray im age se quences and 3-D
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Figure 7. Three dimensional reconstruction using structured light constitutes an
active topic in computer vision, having different applications such as range sensing,
biometrics, object recognition, industrial inspection, reverse engineering, 3D map

building and others.



 reconstruction of cath e ter tip, and in car diac ap pli ca tions, meth ods for
at las-based im age anal y sis of aor tic out flow ve loc ity pro file from ul tra -
sound Dopp ler im ages have been de vel oped (Èikeš et al, 2009). Meth ods
for 3D CT im age anal y sis of ab dom i nal aor tic an eu rysm have been in ves -
ti gated, as well as seg men ta tion meth ods for nu clear med i cine im age
anal y sis, and meth od ol ogy for quantitative analysis of intracerebral brain 
hemorrhage from CT images (Lonèariæ and Dhawan, 1995).

2.5. BME Ed u ca tion in Croatia

Ed u ca tion in the field of bio med i cal en gi neer ing started in Croatia in the
early 1970s, as a part of bio med i cal elec tron ics teach ing at the Uni ver sity 
of Zagreb Fac ulty of Elec tri cal En gi neer ing and Com put ing. To day,
courses in bio med i cal en gi neer ing are of fered by two Cro atian uni ver si -
ties. At the Uni ver sity of Zagreb, bio med i cal en gi neer ing is taught at sev -
eral con stit u ent in sti tu tions, while at the Uni ver sity of Split, BME
courses are of fered at the Fac ulty of Elec tri cal En gi neer ing, Me chan i cal
En gi neer ing and Na val Ar chi tec ture. Within higher ed u ca tion re form in
Croatia, we plan to es tab lish a bio med i cal en gi neer ing programme at a
mas ter level in such a way that teach ing of dif fer ent courses is per formed 
at dif fer ent con stit u ent uni ver sity in sti tu tions and also at other uni ver si -
ties from the re gion. One of our ob jec tives is also to in crease the mo bil ity
of teach ers and stu dents. These ef forts are also sup ported by the in ter na -
tional Tem pus pro ject “Cur ric ula Ref or ma tion and Har mo ni za tion in the
field of Biomedical Engineering” in which 23 higher education or
research institutions are partners.

Con clu sion

Bio med i cal en gi neers, as all other en gi neers, have the abil ity to de sign
and pro duce, in their case med i cal prod ucts, de vices and sys tems. BME is 
small com pared to the tra di tional en gi neer ing fields, like elec tri cal or me -
chan i cal en gi neer ing, but the num ber of BM en gi neers work ing in re -
search and de vel op ment is rap idly grow ing. Most of the BM in dus try still
re lays on elec tri cal and elec tronic en gi neer ing in clud ing the cur rently
fast est de vel op ing in dus tries of ac tive im plants and mo bile health ser -
vices. New op por tu ni ties open in en gi neer ing the or gani sa tion of large
datasets from bi ol ogy com bin ing com puter based ap proaches. On this
edge be tween en gi neer ing sci ences and bi ol ogy, an op por tu nity for new
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stud ies and ap pli ca tions open. Re search in gen eral is so com plex to day
that hardly any re search in sti tu tion can cover all knowl edge and skills
nec es sary for suc cess ful out come of the re search goals alone. Af ter 50
years of well in sti tu tion al ized de vel op ment of bio med i cal en gi neer ing at
in ter na tional level, and a lit tle bit shorter de vel op ment in Croatia, the
Croatian engineers and scientists in the field contribute to the growing
knowledge in the field of biomedical engineering.
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Ab stract

The term geomathematics is now a days of ten rec og nized in many
geosciences and even in ti tles of so ci et ies, books and jour nals. Al though
most en gi neers and sci en tists know the term’s root and fields in which it
can be ap plied, there is an is sue of whether it is a group of math e mat i cal
meth ods mostly ap plied in geosciences or an in di vid ual geoscience. Sev eral
texts about geomathematics are al ready pub lished in Cro atian sci en tific
lit er a ture, and one the matic pa per was pub lished in “Vijesti” of the Cro -
atian Geo log i cal So ci ety in 2007. Geomathematics has since then been ex -
ten sively ap plied in Cro atian geosciences and a sig nif i cant num ber of pa -
pers and books have also been pub lished in in di vid ual fields be long ing to
geomathematics. We wish to de ter mine the term in Cro atian sci en tific ter -
mi nol ogy through ex ten sive de scrip tion and dis cus sion.
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1. Geosciences or Earth Sci ences

When we say the word geosciences, ap par ently ev ery body know what we
are talk ing about, but de fin ing the term is not easy.

Geosciences are also known as geoscience, Earth sci ence or Earth sci -
ences. It is a term for all sci ences re lated to the planet Earth. Geosciences 
study at mo sphere, oceans, and bio sphere, land and planet struc ture.
Geosciences, us ing knowl edge from phys ics, chem is try, ge ol ogy, bi ol ogy
and math e mat ics, try to un der stand how the Earth sys tem works and
how it has evolved. Gen er ally, fol low ing sci en tific fields are in cluded in
geosciences (mostly ac cord ing to URL 1):

• Ge ol ogy de scribes rocky parts of the Earth litho sphere and their (geo -
log i cal) his tory, but also in ter ac tion with astenosphere and core. Main
dis ci plines of ge ol ogy are: geo chem is try, ge ol ogy of min eral ore de pos its, 
geo mor phol ogy, hydrogeology, en gi neer ing ge ol ogy, math e mat i cal ge ol -
ogy, min er al ogy, palae on tol ogy, pe trol ogy, stra tig ra phy, struc tural ge ol -
ogy, sedimentology, and tec ton ics.

• Geo phys ics and ge od esy ex plore the shape of the Earth, its re la tion to
dif fer ent phys i cal forces, mag netic and grav i ta tional fields. Geo phys i -
cists ex plore Earth’s struc ture (from litho sphere to in ner core), as well
as tec tonic and seis mic ac tiv i ties.

• Pedology (soil sci ence) stud ies Earth’s sur face, where soil is formed.

• Ocean og ra phy and hydrography (in clud ing lim nol ogy) de scribe Earth’s
parts cov ered with wa ter (or hy dro sphere). Main subdisciplines are
phys i cal, chem i cal and bi o log i cal ocean og ra phy.

• Gla ci ol ogy in cludes study ing icy parts of the Earth or cryosphere.

• At mo sphere sci ences in clude re search of gas eous parts of the Earth or
at mo sphere be tween the Earth’s sur face and the exo sphere (about 1000 
km). Main subdisciplines are me te o rol ogy, cli ma tol ogy, at mo spheric
chem is try and at mo spheric phys ics.

• A very im por tant con nect ing sphere is bio sphere, which is the sub ject of 
bi o log i cal re search. Bio sphere is com posed of all life forms, from
one-cell or gan isms, plants to hu mans. In ter ac tions with other Earth’s
spheres cre ate con di tions which make life pos si ble.

The above list (URL 1) is ob vi ously in com plete, be cause it is miss ing
geotechnics, geomechanics, ge og ra phy, etc. In ad di tion, it is very in ter est -
ing how sci ences are clas si fied (ar eas, fields, branches) in Croatia. In ac -
cor dance with the Reg u la tion on Sci en tific and Ar tis tic Ar eas, Fields and
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Branches (Na tional Coun cil for Sci ence, 2008), field 1.03. Geosciences
were in the area of nat u ral sci ences and were di vided into fol low ing
branches:

1.03.01 Ge og ra phy
1.03.02 Geo phys ics
1.03.03 Ge ol ogy
1.03.04 Min er al ogy
1.03.05 Sci ence about sea
1.03.06 Sci ence about en vi ron ment

It is in ter est ing ge od esy was not clas si fied as a geoscience, but as a spe -
cial field in area of tech ni cal sci ences. Ge og ra phy was only par tially de -
scribed as a geoscience, be cause so cial ge og ra phy with de mog ra phy was a
spe cial field in the area of in ter dis ci plin ary sci ences. Geo phys ics, as an
ap plied part of phys ics, was not in the field of phys ics, but in the field of
geosciences. At the same time, phys ics was de scribed as a spe cial field in
the area of nat u ral sci ences. Ac cord ing to the new Reg u la tion about Sci -
en tific and Ar tis tic Ar eas, Fields and Branches (Na tional Coun cil for Sci -
ence, 2009), the field of geosciences do not ex ist any more. New fields of
ge ol ogy and geo phys ics were formed. The field 1.03 Ge ol ogy is di vided
into two branches:

1.03.0. Ge ol ogy and Palae on tol ogy
1.03.02 Min er al ogy and Pe trol ogy
The new field 1.06 Geo phys ics has four branches:
1.06.01 Me te o rol ogy with Cli ma tol ogy
1.06.02 Phys i cal ocean og ra phy
1.06.03 Seis mol ogy and phys ics of the Earth in te rior
1.06.04 Other geo phys i cal dis ci plines

Thus, geo phys ics is not a part of phys ics but a spe cial field, like phys ics.
Ge og ra phy was pre vi ously di vided be tween geosciences (phys i cal ge og ra -
phy) and so cial ge og ra phy plus de mog ra phy (which was a field in the area 
of in ter dis ci plin ary sci ences). Ac cord ing to the new Reg u la tion, ge og ra -
phy is a spe cial field in the area of in ter dis ci plin ary sci ences. The last ar -
ti cle of the Reg u la tion reads: “… these Reg u la tions can be changed or ex -
tended de pend ing on needs in par tic u lar sci en tific ar eas, fields and
branches.” It seems rea son able, re gard ing all men tioned, for in for mal
events and oc ca sions, to ac cept the def i ni tion of the term geosciences
which in cludes all sci en tific dis ci plines about the Earth, re gard less of
fields and branches in the of fi cial clas si fi ca tion of sci ences in Croatia.
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2. What is Geomathematics?

If we ac cept that geo phys ics is a sci en tific
dis ci pline which stud ies phys i cal phe nom -
ena on the Earth and that geo chem is try is
a sci en tific dis ci pline which stud ies the
chem i cal com po si tion of the Earth, the
ques tion is – what is geomathematics?

The Cro atian Geo log i cal So ci ety has re -
cently pub lished the Geomathematical Dic -
tio nary in Cro atian (MALVIÆ et al. 2008).
The term geomathematics is not ex plic itly
de fined in the dic tio nary. How ever, the
first au thor also pub lished a spe cial pa per
about geomathematics in the “Vijesti” of
the Cro atian Geo log i cal So ci ety (MALVIÆ,
2007). Ac cord ing to the pa per, geomathe -
matics is a set of math e mat i cal meth ods ap plied in ge ol ogy, and can be di -
vided in three subdisciplines: “clas si cal” sta tis tics, geostatistics and neu -
ral net works.

Sim i lar thoughts can be read in the pa per ti tled Geomathematics in Hun -
gar ian ge ol ogy writ ten by Ac a de mi cian György Bárdossy of the Hun gar -
ian Ac a demic of Sci ences (URL 2):

“The ap pli ca tion of math e mat i cal meth ods has a long tra di tion in Hun -
gary. The main bases of geomathematics are the uni ver si ties of the coun -
try, more closely the de part ments re lated to ge ol ogy, such as gen eral ge ol -
ogy, stra tig ra phy, pa le on tol ogy, struc tural ge ol ogy, min er al ogy, pe trog ra -
phy, geo chem is try, hydrogeology and ap plied ge ol ogy. The Hun gar ian
Geo log i cal Sur vey, the Geo log i cal In sti tute of Hun gary and the Geo chem i -
cal Re search Lab o ra tory of the Hun gar ian Acad emy of Sci ences are in sti -
tu tions where geomathematical meth ods found broad ap pli ca tions. Fi -
nally, some min ing and ex plo ra tion com pa nies, like the Hun gar ian Oil
Com pany (MOL), the Bakony Baux ite Min ing Com pany and oth ers are
reg u larly us ing geomathematical meth ods, mainly for the eval u a tion of
ex plo ra tion re sults, for de posit and res er voir mod el ling and for the es ti -
ma tion of re sources.”

In dic tio nar ies, in clud ing Internet sources, it is quite dif fi cult to find the
term geomathematics. Ac cord ing to URL 3, geomathematics is the
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 application of math e mat ics and com puter tech niques in ge ol ogy, and is al -
ter na tively named math e mat i cal ge ol ogy. Some ques tions log i cally arise,
such as:

a) Can geomathematics be con sid ered a geoscience?
b) Is geomathematics a part of math e mat ics?
c) Is it valid to re late the term geomathematics ex clu sively to ge ol ogy?

We are go ing to try to an swer these ques tions in fol low ing chap ters.

3. Geo phys ics and Geomathematics

Geo phys ics be longs to geosciences and phys ics at the same time. Math e -
mat i cal geo phys ics is the de vel op ment and ap pli ca tion of math e mat i cal
meth ods and tech niques in solv ing geo phys i cal prob lems (URL 4). The
term is anal o gous to, for ex am ple, math e mat i cal ge ol ogy. How ever, one
may ask why these fields are not named geo phys i cal math e mat ics and
geo log i cal math e mat ics?

The pa per ti tled Geo phys ics and Geomathematics in Hun gary by Laszlo
Cserepes from the Geo phys i cal De part ment of the Eötvös Loránd Uni ver -
sity in Bu da pest (URL 5) states:

“Geomathematics, a spe cial ap pli ca tion of math e mat i cal sta tis tics to
Earth sci ence prob lems, aims in gen eral at the ex trac tion of geo log i cal
 objects from “noisy” data sets (data in clud ing ran dom er rors). In a
broad sense, this is also the ba sic goal of field geo phys ics, and this fact
sug gests a very close re la tion ship be tween geo phys ics and geomathe -
matics.

Geo phys i cists have long been us ing var i ous math e mat i cal meth ods based
on prob a bil ity the ory, in for ma tion the ory and math e mat i cal sta tis tics in
or der to eval u ate their field mea sure ments. Tra di tion ally they use the
term “geo phys i cal data pro cess ing” for this col lec tion of data eval u a tion
meth ods, but it would not be a big mis take to say “geomathematics” in -
stead.

Not with stand ing, geo phys i cal data pro cess ing has its own spe ci al ities,
and not just be cause the ob jects of geo phys i cal pros pect ing are dif fer ent
from, say, those of min er al ogy or pe trol ogy. There are some spe ci al ities
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rela ted to the meth od olog i cal ap proach. In most geo phys i cal data pro cess -
ing prob lems, the phys i cal field of the geo log i cal ob ject, which is in ves ti -
gated by a par tic u lar kind of geo phys i cal mea sure ments, is cal cu lated
from a de ter min is tic phys i cal the ory, and these de ter min isti cal ly ob tained
the o ret i cal val ues are con trasted with the sto chas tic data ob tained in the
field mea sure ment. In this way, geo phys i cal data pro cess ing mostly aims
at an ex plicit phys i cal model fit ting, and the math e mat i cal meth ods used
in this pro cess are se lected ac cord ing to this ba sic goal.

Data pro cess ing in the above sense is now an ev ery day rou tine in most
Hun gar ian in sti tu tions where geo phys ics is pur sued, in clud ing uni ver sity 
de part ments, reserach in sti tutes, in dus trial lab o ra to ries and pri vate geo -
phys i cal com pa nies.”.

The pa per con tin ues with brief de scrip tions of ap pli ca tion ar eas of
 mathematics in geo phys ics in Hun gary. They in clude the mod el ling the -
ory, i.e. fit ting mod els to mea sure ments and mod el ling er ror dis tri bu -
tions, es ti ma tion of sta tis ti cal pa ram e ters, fil ter ing and pro cess ing
 images.

Ac cord ing to the pre sented ma te rial, it can be con cluded that geo phys ics
is a sci en tific dis ci pline which stud ies phys i cal phe nom ena on the Earth.
Math e mat i cal geo phys ics is a (sci ence) sci en tific dis ci pline which con -
nects math e mat ics and geo phys ics. It is the ap pli ca tion of math e mat ics in 
geo phys i cal prob lems and de vel op ment of math e mat i cal meth ods ap pro -
pri ate for such ap pli ca tions and de fin ing geo phys i cal the o ries.

By anal ogy, it can be con cluded that ge ol ogy is a sci en tific dis ci pline
which stud ies rocky parts of the Earth litho sphere and their geo log i cal
his tory, but also their in ter ac tion with astenosphere and core. Math e mat -
i cal ge ol ogy is a (sci ence) sci en tific dis ci pline en gaged in con nect ing
math e mat ics and ge ol ogy. It is the ap pli ca tion of math e mat ics in geo log i -
cal prob lems and de vel op ment of math e mat i cal meth ods ap pro pri ate for
such ap pli ca tions and de fin ing geo log i cal the o ries.

Ge od esy is a tech nique and sci ence en gaged in mea sur ing and map ping
the Earth sur face, de ter mi na tion of the Earth shape and its grav i ta tional 
field. Math e mat i cal ge od esy is a (sci ence) sci en tific dis ci pline ap plied in
con nect ing math e mat ics and ge od esy. It is the ap pli ca tion of math e mat ics 
in geo detic prob lems and de vel op ment of math e mat i cal meth ods ap pro -
pri ate for such ap pli ca tion and for mu lat ing geo detic the o ries.
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We could con tinue us ing anal o gies for pairs ge og ra phy – math e mat i cal
ge og ra phy, car tog ra phy – math e mat i cal car tog ra phy, etc.

In short, this means that geomathematics for ge ol o gists rep re sents the
ap pli ca tion of math e mat ics in ge ol ogy, for geo phys i cists it is the ap pli ca -
tion of math e mat ics in geo phys ics, etc. (Fig ure 1).

4. Geomathematics and Geomathematicians in So ci et ies and Groups

Fol low ing subchapters pres ent some so ci et ies in volved with the ap pli ca -
tion of geomathematical meth ods, their pop u lar iza tion, or ga ni za tion of
the matic con gresses and pub lish ing. All of them can be found on the
Internet eas ily. Most of them had in flu ence on Cro atian geomathematics.

4.1. In ter na tional As so ci a tion for Math e mat i cal Geosciences

In ter na tional As so ci a tion for Math e mat i cal Geosciences (IAMG) is a pro -
fes sional, multidisciplinary so ci ety with about 600 mem bers from more
than 40 coun tries. Its mis sion is to pro mote de vel op ment in math e mat ics, 
sta tis tics and in for ma tics in geosciences in the world. In or der to reach
the goal, IAMG has fol low ing ac tiv i ties:
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• Or ga niz ing meet ings with brief sem i nars, field trips and other ac tiv i ties

• Pub lish ing books and jour nals about ap pli ca tion of math e mat ics in ge -
ol ogy (em pha sis on ge ol ogy was sig nif i cantly greater in the past, when
the So ci ety was mostly ori ented to ward ge ol ogy)

• Co op er at ing with other pro fes sional so ci et ies in volved with the ap pli ca -
tion of math e mat ics and sta tis tics in sci ence and en gi neer ing.

IAMG was es tab lished at the 23rd In ter na tional
Geo log i cal Con gress in Prague in 1968. Its first ti tle
was the In ter na tional As so ci a tion for Math e mat i cal
Ge ol ogy. IAMG pub lishes a news let ter twice a year
and or ga nizes an nual con fer ences. The so ci ety web
site is http://www.iamg.org (URL 6). The next in ter -
na tional IAMG con fer ence is go ing to be held from
Au gust 29 to Sep tem ber 2, 2010 in the fa cil i ties of
Eötvös Lóránd Uni ver sity in Bu da pest (URL 7). The 
So ci ety pub lishes three in ter na tional jour nals:
“Math e mat i cal Geosciences” (pre vi ously “Math e -
mat i cal Ge ol ogy”), “Com put ers & Geosciences” and “Nat u ral Re sources
Re search”. All jour nals are cited in the Cur rent Con tents da ta base.

It is in ter est ing to ana lyse the So ci ety’s name. Trans lated to Cro atian,
the term “math e mat i cal geosciences” is very in ter est ing. What are math -
e mat i cal geosciences?

4.2. Work ing Group for Geomathematics in Kaiserslautern, Ger many

The Work ing Group for Geomathematics (in Ger man “Die Arbeitsgruppe
Geomathematik der Technischen Universität Kaiserslautern”, abbr. “TU
Kaiserslautern – AG Geomathematik”) was es tab lished in re sponse to
many ap pli ca tions caused by the tech no log i cal prog ress. It re sulted in
changes of ob ser va tional and mea sure ment meth ods in all ar eas of en gi -
neer ing in geosciences. Con tem po rary com put ers and sat el lite tech niques 
have had an in creas ing sig nif i cance in geosciences. Ac cu racy of ob ser va -
tions is greater, which means pro cess ing re quires ap pro pri ate math e mat i -
cal mod els, ap prox i ma tion tech niques, an a lyt i cal and nu mer i cal meth ods. 
This gives greater sig nif i cance to geomathematics, i.e. ap pli ca tion of
math e mat ics in geosciences. The work group for geomathematics set
them selves a task of build ing a bridge be tween math e mat i cal the o ries
and geotechnical ap pli ca tions. Spe cial em pha sis was put on ex change of
thoughts be tween math e ma ti cians in volved in math e mat ics ap pli ca tions
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and more in ter ested in mod el ling, the ory and ap prox i ma tions, i.e. nu mer -
i cal prob lems on one side and on the other, en gi neers more in volved
in measurement tech niques, data pro cess ing meth ods and ap pli ca tion
of methods and soft ware. Re search of the work group is pre sented in
Figure 2.

Ac cord ing to Fig ure 2, geomathematics en com passes math e mat i cal ap -
proach to prob lems of geo phys ics and ge od esy. The work group re -
searches fol low ing ar eas in par tic u lar:

• Spe cial func tion of math e mat i cal phys ics

• Par tial dif fer en tial equa tions

• Con struc tive ap prox i ma tions

• Reg u lar iza tion of in ver sion prob lems

• Nu mer i cal method (de vel op ment and ap pli ca tion)

• Sci en tific com put ing

The Work ing Group for Geomathematics also or ga nizes work shops at the 
Uni ver sity of Kaiserslautern. For ex am ple, a work shop in cel e bra tion of
the 60th birth day of Prof. Dr. Willi Freeden was held from July 2 to 4,
2008. More in for ma tion about the Group’s ac tiv i ties can be found at
URL 7.

An nual 2009 of the Cro atian Acad emy of En gi neer ing 59

Fig ure 2. Sche matic re view of geomathematical tools and prob lems
(taken from URL 7)



4.3. Geomathematical Sec tion of the Hun gar ian Geo log i cal So ci ety

The Geomathematical Sec tion of the Hun gar ian Geo log i cal So ci ety has a
long tra di tion and very strong in ter na tional ac tiv i ties. Its mem ber ship is
in ter na tional, and one mem ber of the Man ag ing Board is from Croatia.
Ac tiv i ties of the sec tion, as well ef forts of the Sec tion’s chair man, Prof.
Dr. János Gei ger ini ti ated the es tab lish ment of the Cro atian Geomathe -
matical Sec tion in 2007.

Prob a bly great est ac tiv i ties of the Hun gar ian Geomathematical Sec tion
are re lated to or ga ni za tion of con gresses of Hun gar ian geomathematics
tra di tion ally held as ac tiv i ties of the Geo log i cal De part ment of the Uni -
ver sity of Szeged in the town of Mórahalom. The 13th con gress of Hun -
gar ian geomathematics was al ready held in 2009, as well as the 2nd Cro -
atian-Hun gar ian Geomathematical Con gress.

Ac tiv i ties of the So ci ety are the best il lus trated with con gress sub jects,
in clud ing: (1) ap plied geomathematics, geostatistics and in te grated geo -
science mod els, (2) geo phys i cal ap pli ca tions, (3) the o ret i cal ap proaches of
geomathematics and geostatistics, (4) hy dro log i cal and hydrogeological
ap pli ca tions, (5) en vi ron men tal pro tec tion and nu clear waste dis posal, (6) 
pe trol ogy, (7) me te o ro log i cal, climatologic and land scape eco log i cal mod -
els, (8) strati graphi cal ap pli ca tions, ba sin anal y sis and cor re la tion, (9) hy -
dro car bon ge ol ogy and en gi neer ing, (10) GIS ap pli ca tions.

4.4. Geomathematical Sec tion of the Cro atian Geo log i cal So ci ety

The Geomathematical Sec tion was es tab lished within
the Cro atian Geo log i cal So ci ety (CGS) in the 2007.
This was institutionalization of ac tiv i ties stim u lated by 
de vel op ment of geomathematics within Cro atian ge ol -
ogy. In ad di tion, it was a re sult of sev eral years of co op -
er a tion with the Geomathematical Sec tion of the Hun -
gar ian Geo log i cal So ci ety. Ge ol ogy was con sid ered a
dom i nantly nat u ral sci ence, and geomathematics can
con nect it to “the queen” of nat u ral sci ences – math e mat ics, mak ing the
geo log i cal view of the world and events in subsurface more ex act (URL 8). It 
was the main in cen tive for ge ol o gists to es tab lish the men tioned Sec tion,
who wished to prac tice math e mat i cal meth ods in their work more. They
also is sued three books about geomathematics (two of them were pub lished
by the Sec tion) and or ga nized two Cro atian-Hun gar ian geomathematical
con gresses in the town of Mórahalom in the south of Hun gary.
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The Geomathematical Sec tion also gives two types of awards. One of
them is the An nual Award (in the form of a di ploma) for the best pa per,
the sis or book pub lished by sec tion mem ber(s) in the last year. The sec -
ond is the Sec tion Medal, which is given for ex traor di nary achieve ment in 
Cro atian geomathematics.

5. Geomathematical Pub li ca tions

Geomathematical lit er a ture is very com pre hen sive if we count pub li ca -
tions pub lished in one of its dis ci plines such as geostatistics or neu ral
net works. Pub li ca tions with the word “geomathematics” in the ti tle are
less fre quent, and here are pub li ca tions more pop u lar or read in Croatia.

5.1. In ter na tional Jour nal on Geomathematics

The In ter na tional Jour nal on Geomathematics (GEM) is pub lished by
Springer, ISSN 1869-2672 (printed ver sion) and ISSN 1869-2680 (elec tronic
ver sion). Willi Freeden is the Ed i tor-in-Chief. The jour nal pres ents pa pers re -
lated to math e mat ics ap plied in geoscience prob lems, i.e. field of
geomathematics, which is be com ing in creas ingly im por tant. Two rea sons can
be out lined. The first is con tem po rary fast com put ers and sat el lite tech niques, 
be com ing in creas ingly in cor po rated into all geosciences. The sec ond is the in -
creas ing pub lic in ter est for the fu ture of the Earth, its cli mate, en vi ron ment
and lack of nat u ral re sources. Ef fi cient strat e gies for planet pro tec tion change 
the way new data are re ceived from land masses, oceans, at mo sphere and the
Space. It also ex plains the need for new math e mat i cal tools, meth ods and ap -
proaches. Gen er ally, the GEM jour nal pub lishes math e mat i cal pa pers about:

• Mod el ling of the Earth’s sys tem (geosphere, cryosphere, hy dro sphere,
at mo sphere, bio sphere),

• An a lyt i cal, al ge braic and op er a tor-the o ret i cal meth ods and

• Cal cu la tion meth ods and nu mer i cal anal y sis nec es sary for math e mat i -
cal pro cess ing of geoscience prob lems.

5.2. Jour nal of Hun gar ian Geomathematics

The Jour nal of Hun gar ian Geomathematics (abbr. JHG) is ded i cated to
gath er ing re search ers in geosciences us ing geomathematical tools. JHG
is avail able on the Internet with free ac cess. The main idea is a jour nal
with flex i ble and sim ple ac cess and quick pub lish ing pos si bil i ties.
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The term “geosciences” is used in the broad est sense, in clud ing ev ery -
thing fo cused at Earth pro cesses. Ac cord ing to this, pub lished pa pers
come from fields of ge ol ogy, geo phys ics, geo mor phol ogy, hy drol ogy,
pedology, re mote sens ing and GIS. The term “geomathematics” sug -
gested au thors that only ap pli ca tion of math e mat ics and/or geostatistics
was ex pected. Prof. Dr. János Gei ger was Ed i tor-in-Chief (URL 10), and
since 2009, the jour nal has been as so ci ated with an other Hun gar ian jour -
nal named “Cen tral Eu ro pean Ge ol ogy” pub lished by Akadémiai Kiadó,
while it was known as “Acta Geologica Hungarica” be fore Jan u ary 1,
2007. Pa pers in “Cen tral Eu ro pean Ge ol ogy” are pub lished in Eng lish
and bib lio graphic signs are ISSN 1788-2281 (printed ver sion) and ISSN
1789-3348 (elec tronic ver sion). Prof. Dr. János Haas is Ed i tor-in-Chief.

5.3. Mono graph “Prog ress in Geomathematics”

The mono graph “Prog ress in Geomathematics” was pub lished by
Springer (Springer News, 2008), and it in cludes 28 pa pers ded i cated to
the 50th an ni ver sary of pub lish ing in geomathematics by Prof. Dr. Frits
Agterberg. Prof. Agterberg pub lished his first pa per in 1958, and con tin u -
ously works and pub lishes pa pers in a wide range of sub jects par tic u larly
im por tant to prac ti tio ners in geomathematics. He was the pres i dent of
IAMG be tween 2004 and 2008. The fol low ing fields are in cluded in the
mono graph: (1) spa tial anal y sis in es ti ma tion of min eral ores, (2) quan ti -
ta tive stra tig ra phy, (3) non-lin ear multi-fractal mod els, (4) com plex data
anal y ses, (5) time-se ries anal y ses, (6) im age anal y ses and (7) geo -
statistics.

5.4. “Hand book of Geomathematics”

The “Hand book of Geomathematics” was an -
nounced to be pub lished in Au gust 2010. It is ed ited
by W. Freeden, M. Z. Nashed and Th. So nar. The
pub li ca tion in tends to ful fil emp ti ness in the area of
ba sic lit er a ture in this field, putt ing to gether con -
tem po rary geomathematical knowl edge and giv ing a 
re view of con cepts and the o ries, term def i ni tions,
bio graph i cal re mind ers and a gen eral re view of
geomathematics.

The hand book was cre ated as an an swer to events from the last three de -
cades, when geosciences were in flu enced by two im por tant sce nar ios.
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First, the tech no log i cal prog ress com pletely changed tech niques of ob ser -
va tion and mea sure ment. Con tem po rary, very fast com put ers and tech -
niques based on sat el lite data are be ing in creas ingly in cor po rated. Sec -
ond, pub lic con cern for the planet’s fu ture, cli mate, en vi ron ment and ex -
pected lack of nat u ral re sources has in creased. Ob vi ously, both as pects
ask for ef fi cient strat e gies of pro tec tion against the Earth’s changes.
Also, ob tain ing better data from the Earth’s land, oceans, at mo sphere
and the Space ex plains needs for new math e mat i cal struc tures, tools and
meth ods. Math e mat ics ap plied in geoscience prob lems, i.e. geomathe -
matics, has be come in creas ingly im por tant. The “Hand book of Geo -
mathematics” is go ing to be one of the cen tral pub li ca tions in that field
and en com pass 1000 pages in fol low ing chap ters: (1) main tech niques for
ob serv ing and mea sure ments, (2) mod el ling of the Earth sys tem
(geosphere, cryosphere, hy dro sphere, at mo sphere, bio sphere), (3) an a lyt i -
cal, al ge braic and op er a tor-the o ret i cal meth ods, (4) sta tis ti cal and sto -
chas tic meth ods, (5) meth ods of cal cu la tion and nu mer i cal anal y sis and
(6) his tor i cal base and fu ture per spec tives. This book is in tended for
math e ma ti cians and geoscientists (URL 11).

6. Geomathematics in the Teach ing Pro cess

Par tic u lar parts of geomathematics, e.g. geostatistics, are in structed in
sev eral fac ul ties in Croatia, as well as abroad. Our in ten tion is to give a
brief re view, so only sub jects named ex actly Geomathematics are men -
tioned.

The course GG/OCN 312 Geomathematics is reg is tered (URL 12) at the
Uni ver sity of Hawai’i at Manoa. In the au tumn of 2009, the course
 included: in tro duc tion and re view, reg u lar dif fer en tial equa tions, lin ear
al ge bra and vec tor anal y sis. The goal was in tro duc tion of sev eral math e -
mat i cal sub jects im por tant in sci ence and en gi neer ing with ap pli ca tion
to the Earth sci ence and ocean og ra phy. Stu dents were ex pected to
have mathematical knowl edge nec es sary for mak ing sci en tific re search
in the ar eas of fluid dy nam ics, eco sys tems, com puter mod el ling, etc. In
ad di tion, the course in cluded learn ing skills of nu mer i cal pro gram pack -
ages such as Matlab(TM). The course is taught in 13 weeks, 3 hours per
week.

The Fac ulty of Ge od esy of the Uni ver sity of Zagreb has the course
Geomathematics at the mas ter level study. It is op tional, i.e. a stu dent
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can de cide whether to en rol the course. The course in cludes: math e mat -
ics and GPS, net works, ran dom vari ables and covariance’s ma tri ces,
non-lin ear prob lems, lin ear al ge bra and least-square meth ods, prob lems
with ex plicit so lu tions, GPS, data col lec tion and GPS, Kalman fil ters.
Stu dents need to learn how to con nect math e mat i cal the ory, ge od esy and
GPS. The en tire course is pre sented in 15 weeks, in clud ing 2 hours of lec -
tures and 2 hours of ex er cises per week.

The De part ment of Ge og ra phy of the Uni ver sity of Zadar planned to
start the course Geomathematics at the mas ter study with the con tent:
math e mat i cal logic, prob a bil ity, sta tis tics, ran dom vari able, laws of dis tri -
bu tion, plan ning of sta tis ti cal re search, col lect ing and pro cess ing sta tis ti -
cal data, data dis tri bu tion in classes and the matic car tog ra phy, fre quency 
and rel a tive fre quency, arith me tic and other types of mean, stan dard de -
vi a tion, re view of sta tis ti cal doc u men ta tion, sta tis ti cal in for ma tion on
the Internet, sta tis ti cal soft ware, sta tis ti cal anal y sis of geospatial data,
geostatistics, variogram, kriging, reg u lar iza tion of spa tial vari able ap -
plied to a dig i tal re lief model, anal y sis of trend, method of mov ing av er -
age, ap prox i ma tion with a poly no mial, trig o no met ric func tions and
splines, cor re la tion, re gres sion anal y sis and lin ear re gres sion. The course 
was planned to start in the ac a demic year 2009/2010, but the ed u ca tional
plan was changed and it was not in cluded in the grad u ate pro gram of the
De part ment for Ge og ra phy any more.

7. Con clu sion

Based on pre sented ma te rial, the fol low ing def i ni tion is pro posed:

Geomathematics or math e mat i cal geoscience is a (sci ence) sci en tific
 discipline that con nects math e mat ics and geosciences (Fig ure 3). It is the
ap pli ca tion of math e mat ics in geoscientific prob lems and de velopment of
math e mat i cal meth ods ap pro pri ate for such ap pli ca tions and de fin ing
geoscientific the o ries. The sci en tific dis ci pline stud ies the math e mat i cal
na ture of events and pro cesses on, in and around the Earth.

Maybe the state ment that geomathematics is a geoscience can be
 unusual, but the fact is that geomathematics is not ap plied only by
 mathematicians, al ready mostly by geoscientists, i.e. pro fes sion als who do 
not use math e mat ics as the ba sic field of ac tiv i ties. More over, if geo -
physics and geo chem is try can be sep a rated as par tic u lar geosciences, the
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same rule can be also ap plied to geomathematics with out a prob lem. It
is probably not nec es sary to de scribe the fact that geomathematics is
a part of math e mat ics. On the other side, math e mat i cal ge od esy, math e -
mat i cal ge ol ogy, math e mat i cal car tog ra phy, math e mat i cal geo phys ics,
math e mat i cal ge og ra phy and other math e mat i cal geosciences are a part
of geomathe matics. How ever, these dis ci plines em pha size the ap pli ca tion
of math e mat i cal meth ods in geosciences, while geomathematics em pha -
sizes ap pli ca tion in ad di tion to the o ret i cal de vel op ment of math e mat i cal
meth ods and tech niques which can sub se quently be ap plied in geo -
sciences.

Fi nally, it bears re peat ing that geomathematics does not need to be con -
nected only to ge ol ogy or con sid ered a syn onym for math e mat i cal ge ol ogy. 
Many fields in math e mat ics are suc cess fully ap plied in geosciences, e.g.
ge od esy, geo phys ics, ocean og ra phy, ge og ra phy, geo chem is try and oth ers,
mak ing pos si ble the ac cep tance of the term geomathematics in of fi cial
clas si fi ca tions and no men cla tures.
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Note

A sim i lar text in Cro atian was sub mit ted to the “Vijesti” of the Cro atian
Geo log i cal So ci ety. It is go ing to be pub lished in the June 2010 is sue. This 
text is a par tially dif fer ent work, in tended for a dif fer ent type of jour nal
and reader au di ence.
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Geostatistics as a Group of Methods
for Advanced Mapping of Geological Variables

in Hydrocarbon Reservoirs

Ab stract

Geostatistics is a well-known and ad vanced map ping tool in ge ol ogy of hy -
dro car bon res er voirs as well as in geosciences in gen eral. It of fers a lot of
dif fer ent meth ods and tech niques for map ping of all geo log i cal vari ables
that could de fine a subsurface vol ume with oil and gas re serves. These
vari ables can be ob tained from all types of mea sure ments in pe tro leum in -
dus try, like seis mic, well cores or well logs. In the last de cade, many res er -
voirs of dif fer ent lithologies (clastics, car bon ate, meta mor phic) had been
mapped by kriging and cokriging (as de ter min is tic meth ods) as well as by
Se quen tial Gaussi an Sim u la tions (as a sto chas tic method) in the Cro atian
part of the Pannonian Ba sin Sys tem. The re sults gave more de tailed in -
sight in res er voir space, i.e. more pre cisely out lined petrophysical pa ram e -
ters of res er voirs, the role of faults and the bor ders of the field struc tures.
It emphasised the rec om men da tion for us ing geostatistics in res er voir
anal y sis, es pe cially in the de vel op ment phase when more data are



 available, for all types of lithologies, but es pe cially in sand stone and
 breccia-conglomerate res er voirs with dom i nant pri mary po ros ity. This set
of map ping meth ods can be con sid ered as an ad vanced map ping tool.

Key words: hy dro car bon res er voirs, geostatistics, kriging, sto chas tic
sim u la tions

1. Short Review of Geostatistics Hystory

In the world pe tro leum com pa nies and in most of prom i nent uni ver si ties
with chairs for oil and gas, geostatistics is a stan dard tool im ple mented in 
hy dro car bon res er voir char ac teri sa tion, i.e. for es ti ma tion and map ping
of geo log i cal vari ables in the subsurface. Most geostatisticians use the ba -
sic di vi sion of geostatistical meth ods into the three groups: (a) meth ods
for spa tial anal y sis (with variogram as the most of ten such method), (b)
in ter po la tion meth ods (kriging and cokriging) and (c) sto chas tic sim u la -
tions (con di tional and un con di tional, and se quen tial and in di ca tor).
More over, con tem po rary ter mi nol ogy dis tin guishes the terms “method”
and “tech nique”, e.g. kriging is a method, but Sim ple Kriging is a tech -
nique. Also, the word “tool” of ten can be used as a syn onym for method,
stress ing the fact that each geostatistical method is also an en gi neer ing
tool for mapping.

His tor i cally, the term “geostatistics” had been es tab lished by Prof. Geor -
ges Mathéron and his col leagues from the high school in Fontainebleau,
France, de scrib ing meth ods de vel oped for es ti ma tions of gold con cen tra -
tion in mines, and later for other ores. Such idea had been de vel oped
mostly in de pend ently from dom i nant works and pa pers in the field of
spa tial sta tis tics in that time, us ing own, orig i nal ter mi nol ogy and style.
Mathéron pub lished the first re sults of his re search in the doc toral the sis 
and sev eral pa pers from the 1960s (Mathéron, 1962, 1963, 1965). These
works are still con sid ered as the mile stones in geostatistics and are of ten
cited. It was the first time that kriging was de scribed as a math e mat i cal
method, which is still con sid ered as the best tool for de ter min is tic es ti ma -
tion of a vari able in space. As it was men tioned, kriging (then still an un -
named method) had first been ap plied in map ping of gold ore in South Af -
ri can mines, for the prob lem of ore dis persed in nug gets. It had been
done by Krige (1951), and in his hon our the method had been called
“kriging”. Mathéron was the first who showed kriging the ory as an
equiv a lent of the least squares method ap plied to a lin ear Gaussi an
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model, which was later well ex plained in many books like Journel &
Huijbregts (1978), be cause Journel was a Mathéron stu dent and later the 
founder of geostatistics at Stan ford Uni ver sity. Some what ear lier, Da vis
& Sampson (1973) pub lished one of the most fa mous works in the field of 
ap pli ca tion of sta tis tics and data anal y sis in ge ol ogy. Au thors pre sented
most of sta tis ti cal tools that ge ol o gists usu ally use, de scrib ing not only
ad vanced an a lyt i cal meth ods like multivariate anal y sis or time-se ries
anal y sis, but also geostatistical tools like kriging. Fur ther more, Brian
Ripley in his first book about geostatistics (Ripley, 1981) ex plic itly
showed a con nec tion be tween the least squares method and the lin ear
Gaussi an model. Years later, Noël Cressie (Cressie, 1991) de scribed
geostatistics as one of the three main fields of spa tial sta tis tics. Other
two are dis crete spa tial vari a tion and spa tial point pro cesses. Here we
also need to men tion first geostatistical books in Croatia, as well as the
first dis ser ta tion on the the ory and ap pli ca tion of variogram anal y sis in
Cro atian hy dro car bon res er voirs. In 2003 (Malviæ, 2003) pub lished his
PhD the sis pre sent ing one-di men sional variogram analysis of porosity
and permeability data from cores taken from the sandstone reservoirs of
Miocene age in the Bjelovar Subdepression.

It was fol lowed by Andrièeviæ et al. (2007), which pub lished a book at the
Fac ulty of Civil En gi neer ing and Ar chi tec ture in Split ti tled “Geo statis -
tics: skill of spa tial anal y sis”. They de scribed the his tory of geostatistics
as well as de ter min is tic and sto chas tic mod el ling meth ods. The book in -
cludes a lot of nice ex am ples, mostly cal cu lated and in ter po lated from dif -
fer ent mea sured data of pa ram e ters mostly for un der ground wa ters and
aqui fers. Very soon, it was fol lowed by the book (Malviæ, 2008) “Ap pli ca -
tion of geostatistics in geo log i cal data anal y sis” where au thor gave re -
views of the most of ten ap plied geostatistical the ory in the anal y sis of oil
and gas res er voirs as well as many ex am ples. They in cluded variograms,
maps in ter po lated by kriging and cokriging meth ods and Se quen tial
Gaussi an Sim u la tions. Re sults are given for dif fer ent reservoir lithologies 
in the Croatian part of the Pannonian Basin System.

2. Geostatistics in Hydrocarbon Reservoir Characterisation

The be gin ning of the use of (geo)sta tis tics is linked to the pe riod of ‘con -
tem po rary res er voir char ac teri sa tion’, which started in the early 1980s.
More over, use of geostatistics and sta tis tics in the ex plo ra tion and de vel -
op ment of hy dro car bon res er voirs is closely con nected, which is nor mal
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be cause geostatistics is based on some ba sic sta tis ti cal val ues and pro ce -
dures of ap pli ca tion of sta tis tics in data pro cess ing for ex plo ra tion and
pro duc tion of hydrocarbons (e.g. Jensen et al., 2000).

The need for new and im proved char ac teri sa tion meth ods arose as a re -
sult of very sim pli fied fig ures of subsurface used in pe tro leum in dus try. It 
is very strange, be cause the field of hy dro car bon ex plo ra tion and pro duc -
tion at tracted the high-level ex perts and huge fi nan cial funds. Dis ad van -
tages had been es pe cially no tice able in de scrib ing res er voir char ac ter is -
tics in inter-well area. There in ter po lated val ues of ten were not con -
firmed, in ac cept able ranges, with new wells, in jected chem i cal flu ids or
wa ter rose in un ex pected lo ca tions or too early, and re cov ery was of ten
less than ex pected. It is why ge ol o gists and pe tro leum en gi neers started
to study some other sci en tific dis ci plines, pri mar ily geostatistics and sta -
tis tics, as tools for models improving, introducing uncertainties that
could be described.

Fur ther more, nat u ral laws are mostly de scribed purely de ter min isti cal ly,
but then there ex ist huge lim i ta tions in their ap pli ca tion in subsurface
con di tions, be cause en gi neer knowl edge about res er voirs in cludes more
or less un known vari ables with sto chas tic prop er ties. It is es pe cially valid 
for clastic rocks as lithologies with the ma jor ity of res er voirs. Clastic sed i -
men ta tion is the re sult of nu mer ous pro cesses that lasted for long pe ri ods 
and are re spon si ble for the tex ture and struc ture of res er voir sed i ments
(e.g. granulometry and sort ing of clastics) as well as petrophysical prop -
er ties. It was just this com plex ity of nat u ral pro cesses and their re sults in 
subsurface that pointed out geostatistics and sta tis tics as dis ci plines that
‘make or der’ in dif fer ent mea sure ments and datasets. Even tu ally such
ap proach led to rules and reg u lar i ties ex pressed through the val ues of
vari ance, mean value, variograms etc. Us ing geostatistics, geo log i cal
model can be up graded in a de tailed ob ject-based model, de scrib ing res er -
voir ar chi tec ture and/or dis tri bu tion of res er voir vari ables. In fact, res er -
voir geostatistics had been de vel oped in three di rec tions, de pend ing on
the school and the coun try where it was stud ied. The first emphasised
the im por tance of ob ject mod el ling for de scrib ing res er voir fa cies, and the 
main work had been done in Nor way. Amer i can school (Stan ford) mainly
worked at the de vel op ment and ap pli ca tion of dif fer ent tech niques of in -
di ca tor and se quen tial sim u la tions. The third ini tia tive came from
French In sti tute for Pe tro leum, abbr. IFP-a (in French Institut français
du pétrole), where meth ods based on trun cated ran dom func tions had
been used. Through de cades all three ap proaches have evolved to have
very much in com mon, of ten rep re sent ing al ter na tives for the same in put 
dataset (from seis mic, cores, logs, in di ca tor trans formed mea sure ments
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etc.), with mu tual goal, i.e. de fin ing 3D geo log i cal model of a het er o ge -
neous res er voir. Re gard ing mod el ling, two large, par tially dif fer ent,
phases can be dis tin guished – ex plo ra tion and de vel op ing. They are dif -
fer ent by num ber, kind and qual ity of data, and con se quently the way of
us ing geostatistics.

Fig ure 1 out lines two cat e go ries for res er voir vari able pre dic tion – de ter -
min ism and stochastics. Any sys tem is de ter min is tic if for the same in put 
it al ways gives the same out put. For ex am ple, the po ros ity map in ter po -
lated for the same in put dataset, us ing the same in ter po la tion method,
al ways re sults in the equal map. On the con trary, a com pletely ran dom
sys tem would for the same in put al ways give a dif fer ent out put. But cre -
ation of such geo log i cal model is com pletely mean ing less, be cause there is 
no pa ram e ter for pre dic tion. Sto chas tic sys tem is a so called hy brid model 
some where be tween de ter min ism and ran dom ness, be cause in one part
in clud ing un cer tain ties of res er voir vari ables, but also enough data for
use ful model cre ation. Sto chas tic mod els are very ap pli ca ble in res er voir
char ac teri sa tion, also show ing ar eas with higher or lesser un cer tain ties
in res er voir pre dic tion. Us ing such approach reservoirs can be classified
into three categories (after Jensen et al., 2000):
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and de vel op ment of hy dro car bon res er voirs



1. Com pletely de ter min is tic res er voirs where inter-well area is am big u -
ously de ter mined, cor re lated in de tails, with well-known struc tural
frame work and lithologies. Such res er voirs are very rare and rep re -
sented by small struc tures or ma ture fields at the end of pro duc tion
with large num ber of wells and there is no need for new drill ing (or
only con trol wells). Also, sev eral se quen tial geo log i cal mod els are
mod elled and the last and most re li able one is set as the geo log i cal
frame work of the field.

2. Stochastical res er voirs are those where there are some un cer tain ties
in our knowl edge about the geo log i cal vari ables, but gen er ally geo log i -
cal frame work is well known and cor re lated. How ever, there are still
some un knowns, es pe cially in the inter-well area. Ma jor ity of res er -
voirs is just of such kind, and they are the main tar get for ap pli ca tion
of geostatistics.

3. Res er voirs of mostly un pre dict able pa ram e ters are gen er ally rare.
Some pros pects with as sumed hy dro car bon res er voirs can be
 classified into this group. Such res er voirs are geo log i cally mod elled
in the ex plo ra tion phase when the field area in cludes few or no
wells. This cat e gory also in cludes pos si ble re serves de scribed in
 regional stud ies, or re serves of P10 prob a bil ity. Un for tu nately, in
such cases geostatistics, and even sta tis tics, can not be ap plied due
to lack of an a lyt i cal data. Anal ogy is the most of ten used mod el ling
method.

The crit i cal mo ment in mod el ling of any res er voir is de fin ing a typ i cal
res er voir, as a base for pro duc tion prog no sis with sev eral sce nar ios. The
res er voirs that are lon ger in pro duc tion can be an eas ier tar get for re vi -
sion or im prov ing of the geo log i cal model. De ter min is tic mod el ling meth -
ods are more eas ily in ter pret able than sto chas tic, be cause the o ret i cally
re sults do not in clude un cer tain ties. But in re al ity, just a few geo log i cal
vari ables are re ally de ter min is tic. Some times these prop er ties can be
added for “clas si cal” vari ables like po ros ity and res er voir thick ness, with
large num ber of data (wells), and can be con sid ered as de ter min is tic, i.e.
vari ables ap pro pri ate for de ter min is tic es ti ma tion (like re gres sion,
kriging etc.). If a sec ond ary vari able like seis mic data is also avail able, de -
ter min is tic es ti ma tion of the pri mary vari able is even eas ier with an other 
set of meth ods (like Kriging with Ex ter nal Drift, cokriging etc.). It is es -
pe cially use ful in the de vel op ment phase when ac cu racy of the model at
the small scale is par tic u larly im por tant.
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But, most of ten the num ber of in put data or the type of a vari able fa -
vours ap pli ca tion of stochastics, i.e. in volv ing some kind of un cer tain ties
in the model, de fin ing ranges for vari able val ues. Also, pure mea sure -
ments can be weighted by sys tem atic er rors due to res o lu tion of mea sur -
ing tools or in flu ence of sur round ing rocks. It means that the anal y sis of
ob serv able un cer tain ties fa vours the use of geostatistical mapping
methods.

Geostatistics has many de sir able prop er ties for the cre ation and im prov ing 
of geo log i cal mod els in most hy dro car bon res er voirs. It is an ex tremely
flex i ble tool, sim ple for us ing with dif fer ent com puter pack ages, which can
be ap plied in the phases of ex plo ra tion and de vel op ment of res er voirs. It
also gives some de gree of quan ti fi ca tion in res er voir ge ol ogy, which is ex -
tremely im por tant when geo log i cal mod els are in put for cal cu la tion of hy -
dro car bon re serves of all kinds (proved, prob a ble and pos si ble). Even tu ally, 
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Fig ure 2: Ap pli ca tion of geostatistics in dif fer ent phases
of geo log i cal model cre ation



a quan ti fied geo log i cal model with geo log i cal vari ables ex pressed mostly
nu mer i cally is a very good ba sis for dy namic res er voir mod els cre ated by
pe tro leum en gi neers, as a base for pro duc tion prog no sis.

3. Basic Geostatistical Methods (Tools)

There are many geostatistical meth ods, and even more tech niques, for
dif fer ent pur poses of map ping of hy dro car bon res er voirs. Many of them
are used in very spe cific tasks, when some par tic u lar geo log i cal vari ables
need to be out lined in res er voir space. Also, each of these meth ods in -
cludes more or less un cer tain ties in mod el ling, min i miz ing them as the
number of data increases.

3.1. Variogram

This is the ba sic method for spa tial anal y sis, of ten called semivariogram
(be cause func tion can be dis played as ‘2g’ or ‘g’). Variogram sum ma rizes
all differences be tween es ti ma tion and mea sured points in side search ing el lip soid
(1).
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Where:

N(h) – num ber of data pairs com pared at dis tance ‘h’

z(un) – val ues at lo ca tion ‘un’

z(un + h) – val ues at lo ca tion ‘un + h’

The first re sult of variogram anal y sis is an ex per i men tal variogram curve 
where five vari ables can be read: nug get (C0), sill or vari ance (C), range
(a), dis tance (h) and lag. Also, a variogram is char ac ter ised by sev eral
prop er ties. Ani so tropy is the most im por tant and de scribes changes in
the above-men tioned vari ables due to the variogram di rec tion. Ani so -
tropy in res er voirs is most of ten the re sult of the di rec tion of struc ture
and changes in res er voir li thol ogy and stra tig ra phy. Even tu ally,
variograms in anisotropic (het er o ge neous) res er voirs are de fined by two
axes, i.e. axis of max i mum con ti nu ity and of min i mum con ti nu ity.
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 Moreover, if res er voir variograms have the same sill and dif fer ent range
it is geo met ric ani so tropy. But if both vari ables change val ues with di rec -
tion it is zonal ani so tropy which is harder for mod el ling. The so called
outliners, or ex treme val ues have the great est in flu ence on the variogram 
curve. Some times, they can be re moved from dataset if they rep re sent
un typ i cal and rare mea sure ments.

Al most all ex per i men tal mod els can be math e mat i cally ex trap o lated by
five the o ret i cal mod els: spher i cal, ex po nen tial, Gaussi an, lin ear and log a -
rith mic (Hohn, 1988). The first three mod els are most of ten used for in -
ter pre ta tion of geo log i cal vari ables, and, on the other hand, models
without sill are very rare.

Ap prox i ma tion of ex per i men tal curves can be done by mak ing also a com -
plex model that is a sum ma tion of two or more the o ret i cal mod els with
dif fer ent ranges and sills. It is nested model (2).

          g g g g( ) ( ) ( ) ( )h h h h= + + +¼
1 2 3

(2)

Variogram anal y sis is not lim ited by the scale of data sam pling. It means
that an ex per i men tal variogram can be cal cu lated for, e.g. po ros ity val -
ues, av er aged for wells dis tances in kilo metres, but also for data on dis -
tances in me ters or centimetres.

3.2. Kriging and cokriging

Kriging (and all ex trap o lated meth ods – cokriging and sto chas tic sim u la -
tions) is con sid ered as a sta tis ti cal method for es ti ma tion. All tech niques,
ex cept of Sim ple Kriging, are de fined as best lin ear un bi ased es ti ma tors
(ac ro nym BLUE). Best means that weight ing co ef fi cient cal cu lated for
each point in cluded in es ti ma tion is cal cu lated in the pro cess of min i miz -
ing kriging vari ance. Lin ear means that es ti ma tion is done by lin ear com -
bi na tion of hard data. Un bi ased in di cates that the ex pec ta tion of es ti ma -
tion is equal to the true ex pec ta tion of the en tire (pos si ble) pop u la tion.
Es ti ma tor is a term for methodology.

Lin ear ity of es ti ma tion makes all cal cu la tion sig nif i cantly sim pler (3).
The val ues of a regionalized vari able at a se lected lo ca tion (Zk) are es ti -
mated based on sur round ing hard-data (Zi) to which the rel e vant weight -
ing co ef fi cient (li) is added. Also, es ti ma tion as sumes that Zi val ues have
nor mal (Gaussi an) dis tri bu tion, us ing the as sump tion of the Cen tral
Limit The o rem, i.e. dis tri bu tion of a vari able with as sumed large num ber 
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of mea sure ments (with out re gard ing probability distribution function of
such events).

              Z Z
k i i
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n

= ×
=

å l
1

(3)

Weight ing co ef fi cients are cal cu lated from the sys tem of kriging lin ear
equa tions (e.g. Journel & Huijbregts, 1978; Hohn, 1988; Liebhold et al.,
1993 etc.). Kriging very well in ter po lated data grouped in clus ters also al -
lows that some co ef fi cients are neg a tive. More over, it is a method where
val ues of weight ing co ef fi cients de pend only on dis tances among con trol
points (hard-data), not on their val ues, what emphasises kriging as a
‘spa tial’ es ti ma tor based on the so called ‘sta tis ti cal dis tances’, i.e. auto -
correlation of a mapped variable.

There are many kriging tech niques de vel oped for dif fer ent pur poses and
vari ables in ge ol ogy and geosciences in gen eral. Those are Sim ple
Kriging, Or di nary Kriging (Fig ure 3), In di ca tor Kriging, Uni ver sal
Kriging, Dis junc tive Kriging etc. The first two tech niques are the most
ap plied tech niques in the map ping of hydrocarbon reservoirs.

Cokriging, like kriging, com prises sim i lar tech niques (Sim ple Cokriging,
Or di nary Cokriging etc.). The nec es sary con di tion is in tro duc tion of a
sec ond ary vari able that is: (a) in log i cal phys i cal con nec tion with the
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Fig ure 3: Po ros ity map in ter po lated by Or di nary Kriging in a clastic (brec cia)
oil res er voir. The age is Badenian and lo ca tion is the east ern part of the Drava

De pres sion. The po ros ity scale is in col our (blue is 4%, red is 10%).



 primary vari able, (b) much dense sam pled, (c) sig nif i cantly cor re lated by
the primary variable.

Spe cial vari ant of cokriging is the so called Col lo cated Cokriging, where
for each point there is the right equal num ber of the pri mary and sec ond -
ary vari able data. Then es ti ma tion is based on cal cu la tion of two sets of
equal (in size) ma trix equa tions. But, gen er ally cokriging es ti ma tion can
be shown as (4):
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– iden ti cal to kriging ma tri ces, but ap plied for sec ond ary vari able

3.3. Sto chas tic sim u la tions

Sto chas tic sim u la tions are a spe cial set of geostatistical meth ods, serv ing
a dif fer ent pur pose than in ter po la tion meth ods. Se quen tial Gaussi an
Sim u la tion (e.g. in Dubrule, 1998; Isaaks & Srivastava, 1989 and Kelkar
& Perez, 2002) is one of the most used mod el ling tools in hy dro car bon
res er voir mod el ling, which can be ap plied to res er voir data with nor mal
dis tri bu tion, orig i nally or af ter trans for ma tion. Such data have known
expectance and stan dard de vi a tion (m,s2).

In sim u la tion, ex ist ing mea sure ments (well hard-data) keep con stant val -
ues in each re al iza tion, and this kind of sim u la tion is called con di tional
sim u la tion. An other type is un con di tional sim u la tion where also in put
hard-data can be changed in each re al iza tion. But, each type of sim u la -
tion uses variogram and kriging as nec es sary in puts, where kriging is
called zero-re al iza tion that is de ter min is tic and gives in for ma tion about
(a) av er age value (expectance) for data (m), (b) kriging vari ance (sK), (c)
ranges for sim u lated val ues, most of ten as ±3s around m, covering 99% of all
possible results.
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In all other ‘empty’ cells val ues are sim u lated; very of ten us ing Se quen -
tial Gaussi an Sim u la tion method. This pro ce dure re quires that data have 
prop er ties of nor mal dis tri bu tion orig i nally or af ter trans for ma tion. Es ti -
ma tion is done in all ‘empty’ cells se lected in ran dom or der (1st in tro duc -
tion of ran dom ness). The value is es ti mated by kriging or cokriging from
spa tial el lip soid, tak ing also into ac count ear lier sim u lated val ues that
could be in such el lip soid. Each such point also has a de fined un cer tainty
in ter val ±3s, where vari ance (s) is cal cu lated in zero-re al iza tion. Then any val ues
from this in ter val could be se lected as the fi nal value (2nd in tro duc tion of ran -
domness). When it is re peated for all cells on the map one re al iza tion is fin ished.
En tire sim u la tion in cludes so many re al iza tions as it is de fined in the cal cu la tion,
and there are dif fer ent meth ods how to se lect one or sev eral which are the most
 appropriate for the geo log i cal model (Fig ure 4). Very of ten, the num ber of
 realizations done is 100, due to the sta tis ti cal rule that such set com -
prises 95% of all pos si ble re al iza tions. But, se lec tion of sev eral re al iza -
tions is again of ten done us ing sta tis tics, se lect ing e.g. re al iza tion P10
(90% of all re al iza tions have higher values of all summed cells for the
mapped variable), P50 (50% realization is higher) or P90 (10% realization 
is higher).
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Fig ure 4: Po ros ity P50 re al iza tion es ti mated by Sequential Gaussi an
Sim u la tions in a clastic (brec cia) gas res er voir. The age is Badenian

and lo ca tion is the west ern part of the Drava De pres sion. The po ros ity
scale is in col our (red is close to 0%, green to 2.5% and blue to 5%).



4. Conclusion

Geostatistics is one of stan dard geo log i cal tools that is ap plied in the ex -
plo ra tion and de vel op ment of hy dro car bon res er voirs. It is a part of ap -
plied sta tis tics, which al lows in tro duc ing math e mat i cal ex act ness in geo -
log i cal maps and eas ier in ter pre ta tion. There are also some other in ter po -
la tion meth ods that are, with geostatistical ones, most of ten used in geo -
log i cal map ping of hy dro car bon res er voirs. Those are meth ods of lin ear
re gres sion, in verse dis tance weight ing and, of course, previously
mentioned kriging, cokriging and simulations.

Lin ear ity is in the base of re gres sion as well as of kriging. In sim ple lin -
ear re gres sion equa tion Y=bx+c the parameter ‘c’ is the value of in ter -
sec tion at axis Y, and ‘b’ is slope of line. More over, re gres sion is a method
for point es ti ma tion (not spa tial) be cause all hard-data have the same im -
por tance (they are not weighted ac cord ing to spa tial lo ca tion). It means
that es ti ma tion is strictly lin ear, which means that es ti mated val ues at
one mar gin (of map or re gres sion line) are un der es ti mated and at
another overestimated.

In kriging and cokriging the pa ram e ter ‘b’ from re gres sion equa tion is
changed by kriging ma tri ces (of variograms or covariances) where
 distances from con trol points (hard-data) to es ti mated cell are counted.
In this way, geostatistical meth ods are un bi ased for data clus ter ing, and,
in ad di tion, vary ing of weight ing co ef fi cient can min i mize es ti ma tion
vari ance. Geostatistical sim u la tions are based on geostatistical de ter min -
is tic method, but also in cor po rate un cer tain ties linked with each es ti -
mated cell. Un cer tain ties are al ways con nected with the num ber of data
from which we as sume true be hav iour and sta tis ti cal pa ram e ters for the -
o ret i cal (in fin ity) pop u la tion. These prop er ties make pos si ble that one
sim u la tion con tains many pos si ble and math e mat i cally equally prob a ble
realiza tions, which is a unique mapping property of this set of simula -
tions.

Dis ad van tages of geomathematical meth ods (as math e mat i cally ad vanced 
tools) are mostly con nected with lack of data, due to the fact that
all datasets need to be ap prox i mated with nor mal dis tri bu tion and
some statistical prop er ties. It is al most a rule that in datasets smaller
than 10  values geostatistics use is not rec om mended. Firstly, experi -
mental variograms then can be mod elled only with ex tremely nu mer ous
as sump tions, and de ter min is tic maps are char ac ter ised with ‘bull-eyes’
ef fect in al most the en tire area. It is why 20 hard-data is con sid ered
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as some kind of min i mum for map ping of geo log i cal vari ables of
 hydrocarbon res er voirs in the Cro atian part of the Pannonian Ba sin Sys -
tem. In strongly anisotropic res er voirs this limit can be even higher
(25-30 hard-data). How ever, if some re li able, strongly cor re lated
 secondary vari able like seis mic at trib utes is avail able, this num ber
can also be de creased to 15 val ues. In any case, each geostatistical
results can be val i dated vi su ally com pared with geo log i cal maps inter -
polated with other types of methods or with numerical results of
cross-validation.
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Ab stract

The pre con di tions nec es sary for the de vel op ment of the Phys i cal Plan
Geoinformation Sys tem (GIS) as an im por tant part of a more com plex
Phys i cal Plan ning In for ma tion Sys tem of Croatia were cre ated in 1998
with the adop tion of the Phys i cal Plan ning Act and the Or di nance on the
Con tent, Scales of Car to graphic Pre sen ta tions, Man da tory Spa tial In di ca -
tors and Stan dards of Phys i cal Plan Stud ies. These reg u la tions have
obliged phys i cal plan pur chas ers and sup pli ers to de velop the plans in
dig i tal for mat through GIS com puter pro gram pack ages. This is how, in
terms of both tech nol ogy and con tent, the pro cess of de vel op ing a com -
pletely new gen er a tion of phys i cal plan ning doc u ments started from re -
gional to lo cal and ur ban lev els. On the ba sis of thus cre ated dig i tal phys -
i cal plan ning doc u men ta tion, in 2004 the Min is try of En vi ron men tal Pro -
tec tion, Phys i cal Plan ning and Con struc tion (MEPPPC) started de vel op -
ing the GIS of phys i cal plans of Adri atic Croatia. This sys tem con tains,
among other parts, the adopted phys i cal and ur ban de vel op ment plans,
map ping and other data sets, photo doc u men ta tion, sta tis ti cal data, etc.
Since 2008, MEPPPC has also been de vel op ing the GIS of phys i cal plans
of Pannonian Croatia with a con tent struc ture sim i lar to that of the GIS
of Adri atic Croatia. Both sys tems are based on a sin gle da ta base of



geopositioned spa tial, plan ning and sta tis ti cal data, which are go ing to
be come es sen tial com po nents of the GIS of phys i cal plans of the Re pub lic 
of Croatia dur ing the course of 2010. The new Phys i cal Plan ning and
Build ing Act (2007) de fines in de tail the Phys i cal Plan ning In for ma tion
Sys tem of Croatia (PPIS). The de vel op ment, main te nance and man age -
ment of the PPIS from the na tional level to lev els of coun ties and lo cal
self-gov ern ment units, i.e., cit ies/mu nic i pal i ties, is con ducted ac cord ing to 
the PPIS De vel op ment Programme pro posed by MEPPPC and passed by
the Gov ern ment of the Re pub lic of Croatia. Through con tin u ous de vel op -
ment of the PPIS of the Re pub lic of Croatia, MEPPPC is go ing to cre ate
a high qual ity base of phys i cal-plan ning georeferenced data with which it
is go ing to be sig nif i cantly in volved in the ex change, ac cess and use of
spa tial data among nu mer ous en ti ties of the Na tional Spa tial Data In fra -
struc ture (NSDI) in the Re pub lic of Croatia.

Key words: phys i cal plan GIS, phys i cal plan ning in for ma tion sys tem,
phys i cal plan ning doc u ments, Adri atic and Pannonian Croatia, phys i -
cal-plan ning data

In the Re pub lic of Croatia, the cru cial mo ment when the nec es sary pre -
con di tions were cre ated for the de vel op ment of the Phys i cal Plan ning
Geoinformation Sys tem as an im por tant part of a more com plex Phys i cal
Plan ning In for ma tion Sys tem was the pass ing of the Phys i cal Plan ning
Act (NN no. 30/1994, 68/1998) and Rules and Reg u la tions on the Con -
tents, Map ping Scales, Com pul sory Spa tial In di ca tors and Phys i cal Plan
Re port Stan dards (NN no. 106/1998). These reg u la tions have obliged the
phys i cal plan pur chas ers and sup pli ers to de velop plans in dig i tal for mat
through GIS com puter pro gram pack ages.
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Phys i cal plan ning is a sys tem which in cludes:

• Mon i tor ing the sit u a tion and pro cesses in space (re ports)

• Prep a ra tion of phys i cal plan ning doc u ment de vel op ment (plans)

• Phys i cal plan ning doc u ment de vel op ment (plans)

• Im ple men ta tion of phys i cal plans (lo ca tion per mit)

• Su per vi sion (in spec tions)

Box 1. Phys i cal plan ning sys tem



This is how the pro cess of de vel op ing a com pletely new gen er a tion of
phys i cal plan ning doc u ments started (tech no log i cally and con tent-wise)
more than ten years ago, from re gional to lo cal and ur ban level. More
than 1600 doc u ments have been pro duced so far. 21 Phys i cal Plans of
Coun ties have been passed, many of which have al ready been amended
sev eral times.

About 550 Phys i cal Plans of De vel op ment (PPD) for Lo cal Gov ern men tal 
Units (LGU) like cit ies and mu nic i pal i ties were pro duced (for al most all
LGU; many of them were amended sev eral times), de vel op ment or pass -
ing of Phys i cal Plans for the Ar eas with Spe cial Fea tures (for 8 Na tional
Parks and 11 Parks of Na ture) is un der way. Sev eral hun dreds of all types
of Ur ban Plans were de vel oped (Gen eral Ur ban Plans, Ur ban Plans of
De vel op ment and De tailed Plans of De vel op ment) in cit ies and larger set -
tle ments.

On the ba sis of thus cre ated dig i tal spa tial plan doc u men ta tion of the
Min is try of En vi ron men tal Pro tec tion, Phys i cal Plan ning and Con struc -
tion (MEPPPC), in 2004 the de vel op ment of GIS of the Adri atic Croatia
Phys i cal Plans started in co op er a tion with the Adri atic County In sti tutes 
for Phys i cal Plan ning and the geoinformation com pany GISDATA Ltd.
Zagreb. The area of Adri atic Croatia made up of 7 Adri atic Coun ties was
se lected, be cause it is un doubt edly the most valu able po ten tial of the Re -
pub lic of Croatia (par tic u larly the pro tected coastal area of the sea). This
is al ready the most in ter est ing en tre pre neur ial and con struc tion area in
the coun try, and will con tinue to be so in the up com ing de cades. The
value of this area will par tic u larly grow af ter Croatia joins the Eu ro pean
Un ion. A large part of spa tial data and in for ma tion in the stated GIS is
cru cial for an ef fi cient and ac count able man age ment of this valu able
area, and its ba sic pur pose was to cre ate a high-qual ity da ta base for the
de vel op ment of the Phys i cal Plan of Ar eas with Spe cial Fea tures for the
Cro atian Adri atic.
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GIS of the Adri atic Croatia Phys i cal Plans (ACPP) has been es tab lished
grad u ally dur ing the 2004 – 2009 pe riod, there fore the con tent sys tem
struc ture has mostly been com pleted. Via a spe cially de signed user in ter -
face, the sys tem is in ter nally avail able to MEPPPC em ploy ees who use it
on a daily ba sis. ACPP GIS has par tic u larly im proved the work of three
struc tural units so far: Ad min is tra tion for Phys i cal Plan ning, Ad min is -
tra tion for In spec tion Works and In sti tute for Phys i cal Plan ning. The fol -
low ing plan ning doc u men ta tion is in cor po rated in ACPP GIS: da ta base
on phys i cal plans, county phys i cal plans, de vel op ment phys i cal plans of
LGU (cit ies and mu nic i pal i ties), phys i cal plans of na tional parks and
parks of na ture, ur ban plans of de vel op ment (and GUPs) of larger cit ies,
map ping and other data sets, photo doc u men ta tion, cen sus sta tis tics,
apart ment sta tis tics, etc. By 2010, the sys tem will be avail able to a
number of other users (ministries, public and scientific institutions and
public companies).
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Sys tem of phys i cal plan ning doc u ments

Stra te gic doc u ments:

1. Phys i cal plan ning doc u ments at the na tional level are the fol low -
ing:

1.1. Phys i cal de vel op ment strat egy of the Re pub lic of
Croatia

1.2. Phys i cal plan ning pro gram of the Re pub lic of Croatia

1.3. Phys i cal plans of ar eas with spe cific fea tures (na tional
parks, parks of na ture and other spec i fied by the Strat egy)

2. Phys i cal plan ning doc u ments at the re gional level are the fol low -
ing:

2.1. Phys i cal plan of the County and the City of Zagreb

2.2. Phys i cal plan of ar eas with spe cific fea tures (spec i fied
by PPC)

3. Phys i cal plan ning doc u ments at the lo cal level are the fol low ing:

3.1. Phys i cal plan of LGU (large city, town or mu nic i pal ity)

Im ple men ta tion doc u ments:

3.2. Ur ban plan of de vel op ment

3.3. De tailed plan of de vel op ment

Box 2. Sys tem of phys i cal plan ning doc u ments (NN 2007, 2009)



An nual 2009 of the Cro atian Acad emy of En gi neer ing 89

GIS Spa tial plans Adri atic Croatia

(GIS Spa tial plans Panonian Croatia – lo cal com mu nity spa tial plans)

Mod ule 1: Gen eral in for ma tion on Spa tial plans of GIS

Spa tial plans de ci sion pro cess

Spa tial plans GIS make over

Spa tial plans in te grated

Mod ule 2: Coun ties spa tial plans

Vec tors – se lected top ics (about 110)

Map 1 – Land use; Map 2 – In fra struc ture; Map 3 – Pro tec tion

Ras ter – geopositioned

Map 1 – Land use; Map 3 – Pro tec tion

Spa tial plans in te grated – text and maps

Mod ule 3: Lo cal com mu nity spa tial plans (town/mu nic i pal ity)

Vec tors – se lected top ics (about 110)

Map 1 – Land use; Map 2 – In fra struc ture; Map 3 – Pro tec tion

Ras ter – geopositioned

Map 1 – Land use; Map 3 – Pro tec tion

Spa tial plans in te grated – text and maps

Mod ule 4: Spa tial plans for ar eas with spe cial fea tures (na tional parks, na -
ture parks)

Ras ter – geopositioned

Spa tial plans in te grated – text and maps

Mod ule 5: Ur ban plans (gen eral ur ban plan, ur ban de vel op ment plan of larger
set tle ments)

Ras ter – geopositioned

Spa tial plans in te grated – text and maps
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Mod ule 6: Spa tial lay out – vec tors

Ad min is tra tive and ter ri to rial con sti tu tion

ZOP – Pro tected coast area sea

Maps and un der coat

Roads

Mod ule 7: Maps and back grounds – ras ter geopositioned

Maps – TK200, TK100, TK25-new, and TK25-old, HOK5

Dig i tal orthophoto

CORINE – Land cover (us ing) 2000 and 2006 years

Dig i tal re lief model (al ti tude zones)

Sat el lite im ages

Mod ule 8: Pop u la tion cen sus 2001 and sta tis ti cal data

Pop u la tion (in for ma tion-in di ca tors)

Dwell ings (in for ma tion-in di ca tors)

Tour ism (in for ma tion-in di ca tors)

Mod ule 9: Mul ti me dia – ras ter, pic tures, ta bles, etc.

Aerophotogrammetry im ages

Spa tial sta tis ti cal of phys i cal plans (ta ble)

Con struc tion area of larger set tle ments from PPD LUG

Tour ist zones – in Phys i cal plan of the County (study)

Ex ploi ta tion coast area in old Phys i cal plans (1980-1990. year)

Pro ject – Brijuni Ri vi era

Ex ploi ta tion stones in Phys i cal plans

Internet links – MEPPPC and Coun ties In sti tutes for Spa tial Plan ning

Box 3. The con tent struc ture of the GIS phys i cal plans (ZPP 2004-2009)
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Scheme 2. Or gani sa tional scheme of cur rent GIS of Cro atian Phys i cal Plans

Figure 1. Ur ban and cul tural ar eas in the Phys i cal Plans of De vel op ment
for LGU Cit ies and Mu nic i pal i ties
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Figure 2. Nat u ral and Ar chi tec tural Her i tage from the Phys i cal Plans of Coun ties

Figure 3. Geoinformation sys tem of the Pannonian Croatia Phys i cal Plans
(in te gral el e ment of the Phys i cal Plan ning In for ma tion Sys tem

of the Re pub lic of Croatia)



With the pass ing of the Phys i cal Plan ning and Con struc tion Act (NN no.
76/2007 and 38/2008), new re la tions have been es tab lished be tween many 
part ners from the phys i cal plan ning and de vel op ment do main. For the
first time, the Act pre cisely stip u lates what the phys i cal plan ning in for -
ma tion sys tem is, its con tents, steps of es tab lish ment, man age ment and
main te nance, the ob li ga tions re lated to the data and in for ma tion de liv ery 
and the pub lic ac cess to that sys tem. The Act clearly stip u lates the re -
spon si bil i ties be tween the Phys i cal Plan ning In sti tute (the fu ture Cro -
atian In sti tute for Phys i cal Plan ning) which es tab lished the in for ma tion
sys tem at the na tional level and the lo cal gov ern ment units which are
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Figure 4. Gen eral Ur ban Plan of the City of Dubrovnik



obliged to de velop the in for ma tion sys tem for their area and the de ter -
mined level of data. The de vel op ment, main te nance and man age ment of
the Phys i cal Plan ning In for ma tion Sys tem (PPIS), from the na tional
level to county and LGU cit ies/mu nic i pal i ties is con ducted ac cord ing to
the PPIS De vel op ment Pro gram pro posed by MEPPPC (the In sti tute)
and passed by the Re pub lic of Croatia Gov ern ment. The PPIS De vel op -
ment Pro gram is in the pro cess of being developed through cooperation
between MEPPPC (the Institute) and geoinformation companies and
information ex perts.

PPIS is be ing es tab lished in or der to en able per ma nent mon i tor ing of the 
sit u a tion in the area of phys i cal plan ning and in or der to de velop re ports
on the sit u a tion in space, with the pur pose of hav ing com pre hen sive
man age ment of space pro tec tion, as well as to de velop and mon i tor the
im ple men ta tion of the Phys i cal De vel op ment Strat egy, Phys i cal Plan ning 
Pro gram and other doc u ments re lated to phys i cal plan ning. Fur ther -
more, PPIS con tains spa tial data reg is ters, as well as other data reg is ters 
re lated to phys i cal plan ning. Par tic u larly, it con tains data and in for ma -
tion on: (1) ac tual land use and a list of phys i cal in di ca tors, (2) ba sic use
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Figure 5. Im ple men ta tions of the Phys i cal Plan ning In for ma tion Sys tem
of the Re pub lic of Croatia (ZPP 2004-2009)



of space/sur faces de fined in phys i cal plan ning doc u ments, (3) con di tions
and lim i ta tion of land use de ter mined by phys i cal plans, (4) pub lic,
 communal and other in fra struc ture, (5) ad min is tra tive and other acts
passed by re spon si ble bod ies for the pur pose of phys i cal plan ning
 document im ple men ta tion, (6) plans and pro grams in the de vel op ment
pro cess or de vel oped with the ob jec tive to pro tect space. PPIS is
managed as a dis tri bu tion in for ma tion sys tem made up of a num ber
of remote but harmonized and linked information systems of various
topics and sub-do mains for which responsible reference centres are
established.
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Figure 6. Sys tem of Cen tral Set tle ments (from the Phys i cal Plan ning Plan
of the Re pub lic of Croatia)



All of the above men tioned is go ing to in flu ence the new method of work
em ployed by the MEPPP which is grad u ally go ing to trans fer, among other 
things, the har mo nized de vel op ment of GIS of the Re pub lic of Croatia
Phys i cal Plans to coun ties, cit ies and mu nic i pal i ties, and is go ing to re tain, 
through the work of the Cro atian In sti tute for Phys i cal De vel op ment, the
col lec tion and pro cess ing of geoinformation phys i cal plan ning data at the
level of na tion or re gion (Adri atic Croatia, Pannonian Croatia and other).
Through the work of the fu ture Cro atian In sti tute for Phys i cal De vel op -
ment and per ma nent de vel op ment of the Phys i cal Plan ning In for ma tion
Sys tem Re pub lic of Croatia, MEPPPC is go ing to cre ate a qual ity da ta base
of phys i cal plan ning georeferenced data for com plete par tic i pa tion in the
ex change, ac cess and use of phys i cal data be tween var i ous sub jects of the
Na tional Spa tial Data In fra struc ture (NSDI) in the Re pub lic of Croatia.

To con clude, the spe cific qual ity and unique ness of phys i cal plan ning
data de vel oped and main tained by MEPPPC in their Phys i cal Plan ning
In for ma tion Sys tem (PPIS) need to be pointed out, as com pared to other
par ties in volved in the Na tional Spa tial Data In fra struc ture (DGU 2008). 
Phys i cal (re gional) and ur ban plan ning (NN 2007, 2009) as in ter dis ci -
plin ary ac tiv i ties are an in sti tu tional and tech ni cal form for man ag ing
space, by which des ig na tion of space/ar eas is de ter mined on the ba sis of
as sessed de vel op ment po ten tials while main tain ing the dis tinc tive ness of
space, of re quire ments with re gard to space pres er va tion and con ser va -
tion of en vi ron men tal qual ity. Also de ter mined are re quire ments for the
de vel op ment of ac tiv i ties and their dis tri bu tion in space, re quire ments
for im prove ment and ur ban renewal of constructed areas, and
requirements for realisation of planned projects in space.
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1. Geoinformation sys tem of the Adri atic and Pannonian Croatia
Phys i cal Plans

2. Phys i cal Plan ning In for ma tion Sys tem of the Re pub lic of Croatia

3. NSDI – Na tional Spa tial Data In fra struc ture of the Re pub lic of
Croatia

4. INSPIRE – in fra struc ture for the spa tial in for ma tion sys tem in
Eu rope

Box 4. Phys i cal Plan ning In for ma tion Sys tem of the Re pub lic of Croatia
in re la tion to the GIS en vi ron ment (ZPP 2004-2009)



Only in phys i cal plan ning doc u ments at the stra te gic level, ar eas for fu -
ture set tle ment de vel op ment and for other ac tiv i ties in space out side of
set tle ments are de ter mined, as well as planned fa cil i ties and net works of
var i ous in fra struc ture sys tems (by choos ing be tween vari ant or al ter na -
tive study or plan so lu tions and by so cial ver i fi ca tion through the adop -
tion pro cess), the spa tial dis tri bu tion of ad min is tra tive and pub lic func -
tions in cen tral set tle ments is pro posed (in clud ing ser vices, sup ply, ed u ca -
tion, so cial and health-care ac tiv i ties and sports and rec re ational ar eas),
and cul ti vated landscapes generated through human activity in space are
protected.

The in di cated set of geolocated phys i cal plan ning data, along with other
geoinformation and in di ca tors con sti tut ing the phys i cal plan ning sys tem
(mon i tor ing of the sit u a tion and pro cesses in space, im ple men ta tion of
phys i cal plans and in spec tion al su per vi sion) will be an es sen tial con tri bu -
tion to NSDI de vel op ment by MEPPPC (DGU 2008) as well as to the ex -
change of har mo nised data with neighbouring EU Member States.
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De vel op ment of Spa tial Data In fra struc tures
in South East Eu rope

Ab stract

This pa per deals with ca pac ity build ing for the im ple men ta tion of Spa tial 
Data In fra struc tures (SDI) in South-East Eu rope. It pro vides some in -
sight into the sta tus of SDIs in the re gion and un der lines prob lems and
chal lenges for their fur ther im ple men ta tion. SDI pro jects are pre sented,
along with ex am ples of SDI de vel op ment and good prac tice to show un -
der stand ing the sta tus of SDI im ple men ta tion in the re gion. Sev eral ac -
tiv i ties are de scribed that aim at net work ing of stake holders, at ca pac ity
build ing and train ing.

Two im por tant cur rent pro jects are ex pected to stim u late the de vel op -
ment of SDIs in the re gion. First, the Eu ro pean pro ject eSDI-NET+
builds a net work of us ers and key Eu ro pean SDI stake holders in Eu rope
in or der to share ex pe ri ences and best prac tices. Sec ond, in the area of
na ture con ser va tion and pro tected ar eas, the pro ject Na ture-SDI+ builds 
a the matic SDI ac cord ing to INSPIRE stan dards and guide lines. There
are plans to ex tend the pro ject to other coun tries in the re gion of
South-East Eu rope. Last but not least, the pa per points to the SDI con -
fer ence in Skopje in Sep tem ber 2010 with the am bi tion to strongly in flu -
ence SDI de vel op ment in the re gion.



In tro duc tion

The con cept of Spa tial Data In fra struc tures (SDI) emerged in the early
eight ies of the twen ti eth cen tury as a con se quence of the use of geo -
graphic in for ma tion sys tems and of spa tial in for ma tion in dig i tal for mat
in or der to achieve interoperability and wide ac ces si bil ity of dig i tal spa -
tial data. A Spa tial Data In fra struc ture sup ports ready ac cess to geo -
graphic in for ma tion and en com passes the pol i cies, or ga ni za tional re mits,
data, tech nol o gies, stan dards, de liv ery mech a nisms, and fi nan cial and
hu man re sources nec es sary to en sure that those work ing at the na tional
and re gional scale are not im peded in meet ing their ob jec tives [Masser, I., 
2005]. The World-Wide-Web had a ma jor in flu ence on the im ple men ta tion 
of SDIs, data are now nor mally dis trib uted via the Internet and ac ces si -
ble by Geo-Por tals.

Much prog ress has been achieved in in dus tri al ized coun tries in de vel op -
ing SDIs on na tional, re gional and lo cal level. A ma jor step for ward was
the def i ni tion of the Eu ro pean SDI, in the form of the INSPIRE di rec tive
that pro vides a le gal frame work for the im ple men ta tion of SDIs in the
Eu ro pean Un ion.
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Fig ure 1. Com po nents of an SDI: the us ers are in the cen tre;
fig ure © S. Hennig, 2009.



The South-East Eu ro pean coun tries how ever lack be hind in the de vel op -
ment of SDIs, al though they dem on strate strong in ter est in the area.
This ap plies to the Eu ro pean mem ber states Bul garia and Ro ma nia as
well as to the can di date coun tries Croatia, Re pub lic of Mac e do nia, Tur -
key and to the re main ing coun tries in the re gion. The im por tance of spa -
tial data for the eco nomic and so cial de vel op ment makes it how ever es -
sen tial to rap idly pro ceed in the area of geospatial data, be ing a pro cess
that is also im por tant for the fore seen mem ber ship to the Eu ro pean Un -
ion.

This is linked to the need for more in for ma tion and knowl edge about spa -
tial data in fra struc tures, about the use of GIS and about the Eu ro pean
di rec tive INSPIRE. Var i ous ac tiv i ties are be ing car ried out to trans fer in -
for ma tion and con trib ute to ca pac ity build ing in clud ing learn ing from ex -
am ples and bring ing in ter ested stake holder to gether. This pa per wants to 
con trib ute to such ca pac ity build ing and net work ing in de scrib ing sev eral 
ac tions that are rel e vant to the re gion in clud ing links and sug ges tions for 
fur ther work in or der to con vince stake holders of the ne ces sity of spa tial
data in fra struc tures and to en able them to ini ti ate and im ple ment such
in fra struc tures.

Spa tial Data In fra struc tures in Eu rope

Spa tial Data In fra struc tures have been im ple mented in many Eu ro pean
coun tries. Fur ther de vel op ment is now driven by INSPIRE, the le gal
frame work for SDIs in the Eu ro pean Un ion. INSPIRE, the Infra -
structure for Spa tial In for ma tion in the Eu ro pean Com mu nity, is de fined
by the Di rec tive 2007/2/EC of the Coun cil and the Eu ro pean Par lia ment.
It en tered into force on the 15th May 2007 and is a le gal frame -
work for setting up and op er at ing In fra struc tures for Spa tial Infor -
mation. A key mile stone was 15th May 2009 when all Mem ber States
should have passed na tional leg is la tion trans pos ing the INSPIRE
 Directive.

INSPIRE in tends to over come bar ri ers that in hibit the wide spread use of 
spa tial in for ma tion, which are both tech ni cal and or ga ni za tional. These
bar ri ers com prise lack of spa tial data avail abil ity, lack of interoperability
of data, lack of doc u men ta tion and metadata, and is sues of cost and dis -
tri bu tion of data. INSPIRE is de signed pri mar ily for en vi ron men tal pol i -
cies, in clud ing those pol i cies and ac tiv i ties that have an im pact on the
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 environment. INSPIRE is thus part of the en vi ron men tal acquis, al -
though INSPIRE would also sup port other pol i cies in Eu rope (Annoni
and Craglia, 2005; European Commission, 2002).

INSPIRE lays down gen eral rules to es tab lish an in fra struc ture for spa -
tial in for ma tion in Eu rope and should be based on the in fra struc tures for 
spa tial in for ma tion es tab lished and op er ated by the Mem ber States.
There fore, INSPIRE is im ple mented as a dis trib uted in fra struc ture. Also, 
it does not re quire col lec tion of new spa tial data and does not af fect ex ist -
ing In tel lec tual Prop erty Rights. INSPIRE obliges the mem ber states of
the Eu ro pean Un ion to make their data avail able and to im ple ment the
in fra struc ture nec es sary to ac cess these data. The scope is spa tial data
held by or on be half of a pub lic au thor ity op er at ing down to the low est
level of gov ern ment when laws or regulations require their collection or
dissemination.

Data are an es sen tial el e ment of spa tial data in fra struc tures. INSPIRE
de fines 33 data themes in 3 an nexes to the di rec tive. The three an nexes
cor re spond to dif fer ent time scales for the trans po si tion of these data
themes into INSPIRE conformant for mats and for the def i ni tion of meta
data.

Ta ble 1. Data themes of INSPIRE

An nex I data
themes

An nex II data
themes

An nex III data themes

Co or di nate ref er ence
sys tems

Geo graph ical grid
sys tems

Geo graph ical names

Ad min is tra tive units

Ad dresses

Ca das tral par cels

Trans port net works

Hydrography

Pro tected sites

El e va tion

Land cover

Ortho-im ag ery

Ge ol ogy

Sta tis ti cal units; Build ings; Soil
Land use; Hu man health and
safety; Util ity and gov ern men tal
ser vices; En vi ron men tal mon i tor ing 
fa cil i ties; Pro duc tion and in dus trial 
fa cil i ties; Ag ri cul tural and
aquaculture fa cil i ties; Pop u la tion
dis tri bu tion – de mog ra phy; Area
man age ment/re stric tion/reg u la tion
zones & re port ing units; Nat u ral
risk zones; At mo spheric con di tions; 
Me te o ro log i cal geo graph ical
fea tures; Ocean o graphic
geo graph ical fea tures; Sea re gions;
Bio-geo graph ical re gions; Hab i tats
and biotopes; Spe cies dis tri bu tion;
En ergy Re sources; Min eral
re sources
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Since INSPIRE is based on ex ist ing in fra struc tures for ac cess to data, it
is im por tant to un der stand the sta tus of such in fra struc tures in Eu rope.
There fore, the Eu ro pean Un ion had launched the “State of Play” study,
which re sulted in the de scrip tion of the sta tus of SDI im ple men ta tion in
Europe.

The study mon i tored and an a lyzed ac tiv i ties re lated to na tional spa tial
data in fra struc tures in 32 Eu ro pean coun tries. These in cluded the mem ber 
states of the Eu ro pean Un ion, and also those that at the launch of the
study were can di date coun tries, Bul garia, Ro ma nia, Tur key. In ad di tion,
the SDIs of the EFTA coun tries Ice land, Liech ten stein, Nor way and Switzer -
land were ana lysed and doc u mented. The last ver sion of the re ports dates
from 2007 and are avail able on the web site of the Eu ro pean Un ion on
INSPIRE, http://in spire.jrc.ec.europa.eu/in dex.cfm/pageid/6/list/4.

32 in di ca tors were used to as sess SDIs, struc tured around seven main
com po nents: or gani sa tional is sues, le gal frame work and fund ing, ref er ence 
data and core the matic data, metadata, ac cess and other ser vices, stan -
dards, and the matic en vi ron men tal data [Vandenbroucke, D., e.a., 2007].

The study showed that most coun tries have to a cer tain ex tent a co or di -
nated SDI ap proach, and ter ri to rial cov er age at the na tional level, and
have also one or more of the SDI com po nents op er a tional: metadata, net -
work ser vices, and stan dards are very well de vel oped par tic u larly in the
West ern part of the Eu ro pean Un ion. Le gal is sues and fund ing are much
more di verse across the Eu ro pean Un ion, be cause ei ther no clear in for -
ma tion is avail able or the le gal ba sis for the na tional SDI has yet to be
con sol i dated to gether with a sus tain able fund ing re gime. Dis cover and
view ser vices, and to a cer tain ex tent also down load ser vices are rel a -
tively well de vel oped, but much prog ress has still to be made to set up
services for transformation, and above all services chaining.

Ac cord ing to this sur vey, the SDIs of Ger many, Bel gium/Flan ders and
Spain are fully op er a tional but not led by the na tional data pro vider. In
con trast, both Hun gary and Den mark are ex am ples of well work ing SDIs
with also us ers in volved where the ma jor ini tia tive is done by the na -
tional data pro vid ers. Re gional SDIs in Eu rope are par tic u larly well de -
vel oped, and could serve as example for building new SDIs.

The study also con cludes that INSPIRE has stim u lated the fur ther de vel -
op ment of SDIs: par tic u lar work has been done in the field of metadata
and ser vice de vel op ment. Data har mo ni sa tion ef forts or cre ation of new
data sets seem to con tinue at a lower pace. More stake holders, es pe cially
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us ers, for ex am ple Min is tries, are in volved and take ac tive part in the co or -
di na tion. Data shar ing as a con cept is not yet daily prac tice; free ser vices
for dis cov ery and view ing data are emerg ing ev ery where, other types of
ser vices are still rare and the in te gra tion of the com po nents of the in fra -
struc tures in the day-to-day work of the pub lic ac tors is still weak.

There is not one sin gle ‘best ap proach’ for de vel op ing a NSDI. Sev eral or -
gani sa tional ap proaches are pos si ble, but a good co or di na tion and in tense 
co op er a tion be tween the dif fer ent stake holders is a key el e ment to suc -
cess. In par tic u lar, the in volve ment of the pri vate sec tor is very im por -
tant. A need for aware ness, ed u ca tion and training has been identified.

Mean while, a new study has been launched with the ti tle “INSPIRE and
NSDI im ple men ta tion state of play”. This study in cludes now 34 coun -
tries with Croatia and FYROM as new can di date coun tries to the Eu ro -
pean Union.

De vel op ments in South-East Eu rope

Those coun tries in South-East Eu rope that are not yet Eu ro pean Un ion
mem bers states ex pect their in te gra tion into the Eu ro pean Un ion in the
long term and as such, they will also be obliged to de velop their spa tial
data in fra struc tures ac cord ing to the rules of INSPIRE. How ever, so far,
they have not been in cluded in the INSPIRE state of play study and in -
for ma tion about the sta tus of their spa tial data in fra struc ture de vel op -
ment is difficult to obtain.

An early study to un der stand the sta tus of the de vel op ment in these
coun tries has been car ried out in 2002 by the pro ject GISEE, “GIS Tech -
nol ogy and Mar ket in South-East Eu rope – a mar ket study”. The pro ject
was fi nanced by the fifth RTD Frame work Programme of the Eu ro pean
Com mis sion and co or di nated by the Tech ni cal Uni ver sity of So fia, in co -
op er a tion by EuroGeographics, the as so ci a tion of Na tional Data Pro vid -
ers in Eu rope and the com pany URSIT Ltd., fur ther with the sup port of
ex perts in all coun tries con sid ered. Us ing ex ten sive ques tion naires, the
spa tial data in fra struc tures were in ves ti gated in Al ba nia, Bosnia-Her -
zego vina, Bul garia, Croatia, FY Re pub lic of Mac e do nia, Ro ma nia,
Serbia-Monte negro1. and Tur key. The re ports of Bul garia, Ro ma nia and
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Tur key were then in te grated into the INSPIRE state of play re ports of
these coun tries.

The pro ject ended with the South-East Eu ro pean SDI Con fer ence in So -
fia, Bul garia, on 23 and 24 Oc to ber 2003 and its re sults were sum ma rized 
at sev eral oc ca sions [Boes, Pav lo va, 2004]. The study iden ti fied sev eral
prob lems: al though spa tial data ex ist through out the re gion, they are not 
com pat i ble and ac cess to these data is dif fi cult, data own ers are of ten not
known and ac cess con di tions are not made avail able. There is a lack of
col lab o ra tion be tween data own ers and pro vid ers, along with un clear pro -
ce dures and planning and a lack of financing.

As one way for ward to ad dress and rem edy these prob lems, the origi -
nators of the study cre ated the as so ci a tion AGISEE, As so ci a tion for
Geospatial In for ma tion in South-East Eu rope in or der to con trib ute
to realizing the vi sion of en abling shar ing of geospatial data for the
 benefit of the eco nomic de vel op ment of the region and with the
goals to: 

• Unite the GI com mu nity and in ter ested par ties in South-East Eu rope;

• Pro mote the use of GI and to con trib ute to build ing SDI in the re gion;

• Sup port and pro vide rel e vant in for ma tion to its mem bers;

• Act as enabler for new op por tu ni ties to mem bers, and

• Rep re sent the GI sec tor in South-East Eu rope and out side.

In ter ested stake holders were and are still in vited to be come mem bers of
this as so ci a tion and mem ber ship reg is tra tion can be done on its web site
http://www.agisee.org.
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Much has hap pened in the coun tries of South-East Eu rope since this
study. In or der to up date the in for ma tion, AGISEE had the op por tu nity
to hold a “South-East Eu ro pean SDI Work shop” which was or ga nized in
col lab o ra tion with the South-East Eu ro pean Re search Cen tre and took
place in Thessaloniki, Greece on 5 – 6 Feb ru ary 2009. The goal of the
work shop was to ex change, com mu ni cate and doc u ment the achieve -
ments of Spa tial Data In fra struc tures in South-East Eu rope, on na tional, 
re gional and lo cal level, with the fur ther goal to se lect best prac tice cases
of sub-national SDIs in the region.

Rep re sen ta tives from 12 coun tries from South-East Eu rope par tic i pated
in this work shop and pre sented the sta tus of SDIs on na tional and lo cal
level in their coun tries [Boes, Dimopoulos, 2009]. Some spa tial data in -
fra struc tures were pro posed as best prac tice cases for the re gion. The se -
lec tion was based on Ques tion naires col lected from na tional and sub-na -
tional SDIs. Amongst the se lected best prac tice cases are the Mu nic i pal -
ity of Tirana in Al ba nia, the Mu nic i pal ity of Burgas in Bul garia, the Mu -
nic i pal i ties of Zagreb, Rijeka, Varazdin in Croatia and the City of Skopje
in the FY Re pub lic of Mac e do nia. Slovenia con trib uted with the matic
SDIs: a farm reg is try, used for farm ing sub ven tions and all pro cesses re -
lated to ag ri cul ture; and the web site geopedia.si, a web-based at las of
Slovenia, which can be ed ited and ex tended by its us ers. The se lected best 
prac tice cases served as in put to a Eu ro pean SDI best prac tice award
conference that took place in November 2009 in Turin, Italy.

The work shop dem on strated, not sur pris ingly, that SDIs are not com -
pletely re al ized in these coun tries, only some of their el e ments ex ist.
Data shar ing is widely not re al ized. Many dif fer ences in the de vel op ment
of SDIs ex ist be tween the coun tries. It was said that prob lems are of ten
in flu enced by the gen eral po lit i cal sit u a tion. Quoted was a lack of will ing -
ness of de ci sion mak ers, the lack of a clear man date and the lack of co op -
er a tion. Ex ist ing ini tia tives and pro jects are not co or di nated, and the
data are old and scat tered. Fur ther there is a lack of understanding and
training.

There is how ever a good leg is la tive ba sis for the de vel op ment of SDIs,
and us ers and ap pli ca tions act of ten as driv ing force for data shar ing. Im -
por tant are ca das tre with land reg is tra tion, and ag ri cul ture. Par tic i pants
to the work shop de fined the need for a clear man date and vi sion for SDI
de vel op ment, as it had been done in an ex em plary way in Croatia. There
is a need for aware ness cre ation, train ing, ed u ca tion and learn ing from
oth ers, and it would be nec es sary to be open to other ap proaches, as it is
for ex am ple shown in Slovenia by the ex am ples men tioned above. An

106 Boes, U., De vel op ment of Spa tial Data In fra struc tures in South East Eu rope



 independent civic com mit tee or or ga ni za tion could be of great help to
stim u late de vel op ments, and all countries should start implementing
INSPIRE now.

The pre sen ta tions given at this work shop are avail able from the work -
shop web site http://www.city.ac a demic.gr/spe cial/academix/events/gis/in -
dex.html; the fi nal con clud ing re port is made avail able by AGISEE on its
web site [Boes, Dimopoulos, 2009].

Net work ing and Aware ness Build ing

One of the needs as for mu lated at the Thessaloniki work shop is the need
for aware ness cre ation, train ing, ed u ca tion and learn ing from oth ers.
This re quires stron ger col lab o ra tion be tween ac tors and net work ing com -
bined with ac tions that would even tu ally lead to cre ation of aware ness
for the un der stand ing of the frame work of INSPIRE and its com po nents.
To ad dress this well-known need, the Eu ro pean Un ion had or ga nized
INSPIRE in for ma tion days in the EU mem bers states and can di date
coun tries, and funds pro jects for col lect ing and dis sem i nat ing in for ma -
tion about Eu ro pean SDI development and of bringing stakeholders
together.

One of these pro jects is ESDIN, Eu ro pean Spa tial Data In fra struc ture
Net work (http://www.esdin.eu/), which is co or di nated by EuroGeo -
graphics and sup ported by the Eu ro pean Com mis sion’s eContent+
programme. Its goal is to help mem ber states, can di date coun tries and
EFTA States pre pare their data for some of the data themes of the
INSPIRE Annex I.

An other im por tant pro ject is eSDInet+, a Net work for the pro mo tion of a 
Eu ro pean wide di a logue and ex change of best prac tices on Spa tial Data
In fra struc tures through out Eu rope (http://www.esdinetplus.eu/). The
pro ject started on 1st of Sep tem ber 2007 for a du ra tion of 3 Years. The ob -
jec tives of eSDInet+ are to tar get us ers and key Eu ro pean SDI stake -
holders, and to bring them to gether through a The matic Net work, which
is built as a plat form for com mu ni ca tion and knowl edge ex change. The
pro ject em pha sizes in par tic u lar SDIs on sub-na tional level and col lects
from them les sons to be learnt for build ing up new SDIs. Through in ten -
sive dis sem i na tion cam paigns, the net work raises aware ness of the im -
por tant role SDIs play in the en rich ment and re use of spa tial data.
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A main task of the pro ject was the study and eval u a tion of sub-na tional
SDIs. The pro ject has de vel oped a com pre hen sive meth od ol ogy and cri te -
ria in or der to as sess ex ist ing SDIs, which in cludes issues such as:

1. Level of tech nol ogy and in no va tion and orig i nal ity of the pro ject;

2. Im ple men ta tion and/or readi ness for INSPIRE prin ci ples;

3. Level of fos ter ing co op er a tion be tween dif fer ent us ers (proof of vis i bil -
ity and/or user feed back);

4. Pos si bil ity of ex ten sion or trans fer to other coun tries and re gions.

Twelve na tional and re gional SDI Best Prac tice work shops were held,
where ex ist ing SDI so lu tions at the sub-na tional level were iden ti fied and 
ana lysed. These work shops also ad dressed pro mo tion of the best prac tice
and knowl edge ex change be tween stake holders in volved in the cre ation
and use of SDIs. One of these work shops is the one in Thessaloniki that
was de scribed be fore. In all these work shops and through thor ough in -
ves ti ga tion through out Eu rope, 135 SDIs from 26 coun tries in Eu rope
could be collected and described.

The pro ject cul mi nated in the In ter na tional Con fer ence “SDI Best Prac -
tice Award 2009” that took place on 26th and 27th No vem ber 2009 in Tu -
rin, It aly. The aim of the event was to high light prom is ing SDI so lu tions
in Eu rope, to ex change ex pe ri ences and to learn from each other. At this
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con fer ence, twelve best prac tice SDIs had been se lected and awarded as
ex am ple SDIs in Eu rope. The se lec tion had been done by an Award Jury
con sist ing of 6 GI ex perts. The main mes sage of the Award Jury was that 
“each Spa tial Data In fra struc ture is a spe cial case” and the di ver sity of
ex pe ri ences made was a fun da men tal chal lenge for the se lec tion. Next
steps in the pro ject will be to feed back the les sons learnt in the award
pro ce dure to all SDIs that have par tic i pated in the project, and to a wider 
audience as well.

SDI de vel op ment needs the link to ex ist ing ini tia tives, needs col lab o ra -
tion and clus ter ing with ex ist ing ac tors, lo cally and in other re gions. One
ex am ple of such an ini tia tive that started lo cally and has now be come in -
ter na tional is the GIS clus ter in the Mu nic i pal ity of Gävle, Swe den
[Östman e.a., 2009]. The main or ga ni za tion of this clus ter is the
non-profit or ga ni za tion Fu ture Po si tion X (FPX – http://www.fpx.se/en),
which is in fact a mem ber ship or ga ni za tion. The clus ter was formed in
2004 by pub lic and pri vate ac tors; most of them are based in the Gävle
re gion and work with Geodata and GIS. Goal is to build a closer co op er a -
tion in re search, de vel op ment, in ter na tion al iza tion and mar ket ing in or -
der to pro mote growth and de vel op ment within the GIS-field. In of fer ing
a ser vice in fra struc ture as dis played in fig ure 4, the clus ter is able to
trans fer research directly into products and bring thus research and
business together.

The clus ter en abled the cre ation of many new com pa nies and new prod -
ucts and ser vices par tially with the sup port of seed fi nanc ing and ven ture 
cap i tal. The es tab lish ment of three for eign com pa nies in the Gävle area
within the GIS-field is now in prog ress. A GIS-De vel op ment lab has been 
set up that of fers op por tu ni ties to test, de velop and eval u ate sys tems/ser -
vices in a re al is tic multi-user en vi ron ment, us ing the lab’s GIS-com pe -
tence as well as ac cess to a test pop u la tion where com pa nies can test
their prod ucts on the mar ket. The lab also func tions as a tech ni cal base
for test, de vel op ment, val i da tion and dem on stra tion of GIS-re lated ap pli -
ca tions and ser vices. FPX is in fact ap proved by the Swed ish gov ern ment
as the na tional geo-test centre for data quality and harmonization with
the INSPIRE directive.

FPX has now moved into a next phase and ex tends the ac tiv i ties get ting
more par tic i pa tion re gion ally, na tion ally and also in ter na tion ally. FPX
has es tab lished busi nesses in Nor way, Es to nia and Fin land and works to
de velop the Gävle re gion into an in ter na tional GIS-cen tre. This GIS clus -
ter is an ex am ple for net work build ing that starts from one place and
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 extends in ter na tion ally. Fur ther col lab o ra tion with other coun tries is a
declared goal of this cluster.

Net work ing and clus ter ing bring stake holders to gether, may cre ate
aware ness but do not nec es sar ily lead to the right knowl edge which is
needed to im ple ment GIS or spa tial data in fra struc tures. There is a de -
mand for train ing and train ing courses, pos si bly along side or out side of
nor mal uni ver sity ed u ca tion. Many train ing and ed u ca tional courses are
avail able, but we may have dif fi cul ties to lo cate them. This prob lem is ad -
dressed by the pro ject Vesta-GIS (http://www.vesta-gis.eu/), which is a
bro ker of GIS and SDI train ing. Vesta-GIS is a Le o nardo-da-Vinci net -
work and funded by the Life Long Learn ing Programme of the Eu ro pean
Com mis sion. The pro ject cre ates a frame work or “clear ing house” for the 
ac cess to train ing courses, of ten throughout distant learning facilities
and organizations.

The Train ing Course Cat a logue on the web site in cludes in for ma tion
about rel e vant courses and other train ing con tent de liv ered by the net -
work part ners and ac ces si ble through an on-line search able da ta base.
The cat a logue con sists of course metadata, but does not in clude the
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courses them selves, only ref er ences to them. The VESTA-GIS course cat -
a logue rep re sents a pos si bil ity for ed u ca tional in sti tu tions to re use spe -
cial ized tai lored courses, and make them vis i ble to a pan-Eu ro pean
GI-pub lic. Us ers who search for vo ca tional GI-ed u ca tion might find spe -
cial ized of fers that match their needs even better than they would expect.

An eLearning Plat form is in de vel op ment that al lows the di rect de liv ery
of some courses of the cat a logue in a customised and in ter ac tive way. The 
train ing frame work can be used af ter reg is tra tion to VESTA-GIS and it is 
then com pletely free. Work shops in the part ner coun tries in form about
the pro ject and the train ing courses pub lished on the web site and of fer
some of the courses as best prac tice ex am ples. Courses about INSPIRE
are part of the course programme published on the web site.

Train ing and par tic i pa tion in courses very of ten has to be com ple mented
by cer tif i ca tion. Cer tif i ca tion is pro vided by the ECDL foun da tion which
has en dorsed a GIS cer tif i ca tion [Salvemini, 2009]. The GIS cer tif i ca tion
(http://www.ecdlgis.com) aims at sup port ing ca pac ity build ing for SDIs.
Three dif fer ent lev els of cer tif i ca tion are of fered, which are for the ba sic
user, the pro fes sional, and the spe cial ized user. The course sched ule in -
cludes ex am i na tion ques tions for the cer tif i ca tion. The ECDL GIS cer tif i -
ca tion ex ists in a few coun tries only, and should be transferred to other
European countries.

The GIS cer tif i cate has a EU per spec tive as well since it can be con sid -
ered a fa cil i ta tor for INSPIRE im ple men ta tion and the dis tri bu tion of its
data and prin ci ples. VESTA-GIS en dorses the ECDL-GIS Cer tif i ca tion as
a spe cific fa cil i ta tor for INSPIRE data handling and sharing.

The matic SDIs – Ex am ple Pro tected Ar eas

Spa tial data in fra struc tures are nor mally pro vided by au thor i ties and
pro vide ac cess to all kinds of pub lic data. They can how ever also ex ist for
cer tain themes such as na ture con ser va tion, di sas ter man age ment, e-gov -
ern ment or oth ers. INSPIRE in fact al lows for such the matic SDIs to
hap pen. For in stance, pro tec tion of our en vi ron ment be comes more and
more im por tant and sus tain able de vel op ment is a key word for pre serv ing 
our na ture for our de scen dants. Pro tected ar eas con sti tute an im por tant
el e ment for hu man val ues and gen eral pub lic aware ness will help to
 preserve these val ues. A the matic SDI can con trib ute much to the
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 fulfillment of the goals of nature conservation and protection of the
environ ment.

Pub lic Ad min is tra tions and Park Au thor i ties in Eu rope have plenty of
data and da ta bases cre ated for man age ment needs at lo cal, re gional or
na tional level that should be made avail able and re-us able at EU level
through the use of com mon stan dards and interoperable ser vices. For ex -
am ple, En vi ron men tal As sess ment pro ce dures im ply the man age ment of
seam less geo-in for ma tion in dif fer ent ap pli ca tion fields. The Hab i tats Di -
rec tive re quires in its Art. 6 that en vi ron men tal im pact as sess ments are
car ried out for pro jects that are re lated to pro tected ar eas as for ex am ple
build ing a rail way track. Such stud ies need a com par i son of dif fer ent
datasets such as pro tected sites bound aries, hab i tats, spe cies dis tri bu tion, 
wa ter bod ies and the pro ject data such as the de signed rail way track.
INSPIRE provides the right framework for data accessibility and data
sharing.

These is sues are ad dressed by the pro ject NATURE-SDI+,
http://www.nature-sdi.eu/, a Eu ro pean Best Prac tice Net work that fo -
cuses on na ture con ser va tion and pro tec tion and will end in 2011 [Boes,
U., Pav lo va, R., 2009]. The pro ject con trib utes to the im ple men ta tion of
INSPIRE with the data themes for na ture con ser va tion, which are:

• Pro tected sites (INSPIRE An nex I);

• Biogeographical re gions, Hab i tats and biotopes, Spe cies dis tri bu tion
(INSPIRE An nex III).

The pro ject de vel ops a Eu ro pean metadata pro file for the data sets of pro -
tected ar eas based on ISO and CEN stan dards (ISO 19115/119 and
CEN/TC 287 Geo graphic in for ma tion). The datasets are pro vided by the
data pro vid ers par tic i pat ing in the pro ject; they will be har mo nized and
con verted to the INSPIRE spec i fi ca tions in or der to make them better ac -
ces si ble and ex ploit able. The pro ject will thus de liver interoperable and
har mo nized datasets for na ture con ser va tion all over Eu rope, with their
metadata pro file, a data model and the sau rus. All this will be accessible
via the NATURE-SDI+ Geoportal.

Test ing of datasets fol lows the INSPIRE Meth od ol ogy that con sists of
seven steps or tasks:

Task 1. User re quire ments and use cases anal y sis;

Task 2. Anal y sis of the rel e vant ref er ence ma te ri als;
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Task 3. “As-is” anal y sis ac cord ing to the meth od ol ogy de fined in
INSPIRE doc u ment D2.6, Meth od ol ogy for the De vel op ment of
data Spec i fi ca tions;

Task 4. Gap anal y sis ac cord ing to the meth od ol ogy of D2.6;

Task 5. Draft ing data spec i fi ca tion of the data themes of the INSPIRE
An nexes;

Task 6. Test ing of draft data spec i fi ca tions for themes;

Task 7. Prep a ra tion and adop tion of Im ple ment ing Rules for the
interoperability and har mo ni sa tion of spa tial data sets and ser -
vices for the INSPIRE spa tial data themes.

These seven tasks are inter-de pend ent and al low many in ter ac tions as it
is de picted in the fol low ing figure.

Hav ing iden ti fied and de scribed the data sets avail able, they are checked
for com pli ance. A match ing ta ble is used that is based on the at trib utes
de fined in the INSPIRE data spec i fi ca tion. For each at trib ute and
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 identified data sets, com pli ance, dif fer ences, gaps and crit i cal points are
de fined. The match ing ta ble com pares the INSPIRE at trib utes with
those ex ist ing in the datasets of the pro tected ar eas, as shown in Fig ure
6. The NATURE-SDI+ data spec i fi ca tion out comes are then sub mit ted to 
the INSPIRE draft ing teams. The last step in data test ing is eval u a tion
of feasibility and costs, which is in progress.

An im por tant as pect of the pro ject is net work ing to in volve new stake -
holders be yond the ex ist ing part ner ship of data pro vid ers, data us ers and
ser vice pro vid ers. Ex ten sion of this net work is part of the pro ject and net -
work ing ac tiv i ties and con sen sus build ing are con sid ered a con tin u ous pro -
cess aimed at re cruit ing net work mem bers and at in volv ing them in the pro -
ject ac tiv i ties and their val i da tion. A wider net work cre ates more op por tu ni -
ties for shar ing of data and best prac tices to wards im prov ing and stim u lat -
ing ex ploi ta tion and the re-use of in for ma tion about na ture con ser va tion.

Two na ture park di rec tor ates from Bul garia par tic i pate in the pro ject as
data pro vid ers; these are Vitosha Park Di rec tor ate and Strandja Park Di -
rec tor ate, with the com pany URSIT Ltd (http://www.ursit.com) as the
Bul gar ian co or di na tor. They have held a Bul gar ian Na ture SDIplus
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 workshop (http://www.ursit.com/all/nasdi/ini tia tive.html) on 1st and 2nd of 
De cem ber 2009 with the goal to in form pro tected ar eas and other in ter -
ested peo ple about spa tial data in fra struc tures, about re lated Eu ro pean
leg is la tion and about the use of open source soft ware in this area. This
work shop turned out to be very suc cess ful and dem on strated that there
is a strong de mand in this area for in for ma tion about spa tial data in fra -
struc tures and their im ple men ta tion.

The or ga niz ers see the need for more such events, both in form of in -
form ing about INSPIRE and spa tial data and in form of train ing in open
source soft ware and GIS. An other im por tant con clu sion is the re quire -
ment by the par tic i pants to work more closely with state or ga ni za tions
on is sues re lated to INSPIRE, their wish to be better in formed and to
also con trib ute to the def i ni tion and im ple men ta tion of INSPIRE in Bul -
garia. Pos si bly, one or more work ing groups could be formed in cer tain
areas such as nature conservation.

Con clu sion: Chal lenges for the Fu ture

The coun tries in South-East Eu rope are grow ing closer to the Eu ro pean
Un ion. Some are al ready mem ber states, oth ers are can di date coun tries
or are just wait ing to be come can di dates to Eu ro pean Un ion mem ber ship. 
It is mostly the Eu ro pean Un ion that fi nances and sup ports ad he sion to
the Eu ro pean Un ion. Whereas mem ber states re ceives fi nanc ing nearly
ex clu sively from the Un ion, for ex am ple via the struc tural funds, those
coun tries that are not yet mem ber coun tries, ben e fit from many in ter na -
tional and bi lat eral do nors. This has im por tant con se quences also in the
sec tor of GI and SDI. There are op por tu ni ties that should be seized in or -
der to cre ate strat e gies, programmes and ac tion plans to drive for ward
implementation of spatial data infrastructures and use of data.

Many SDI/GI or ga ni za tions look to day more closely at South-East Eu -
rope. Among them are EUROGI, EuroGeographics, the Open Geospatial
Con sor tium (OGC), the In ter na tional Fed er a tion of Sur vey ors (FIG), the
In ter na tional So ci ety of Photo gram metry and Re mote Sens ing (ISPRS)
and many oth ers. Col lab o ra tion with such or ga ni za tions also cre ates op -
por tu ni ties that can not be ne glected and can be used for the trans fer of
knowl edge, for cre ation of aware ness and for the de vel op ment of
programmes for SDI im ple men ta tion. In Bul garia, for ex am ple, the
 author works to gether with the Open Geospatial Con sor tium and has
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cre ated an OGC in ter est group to in form in ter ested or ga ni za tions about
the ad van tages of stan dard iza tion and to en cour age pri vate and pub lic
sec tor to for mu late their re quire ments to in ter na tional standardization
and have them included in current and forthcoming OGC standards.

Be yond the cre ation of na tional SDIs, it will be im por tant to bring the
stake holders of one en tire re gion to gether, as it is done by the GSDI as so -
ci a tion on world level. This is the goal of the In ter na tional Con fer ence on 
SDI 2010 that will take place from 15th to 17th Sep tem ber 2010 in
Skopje, Re pub lic of Mac e do nia (http://sdi2010.agisee.org). Its am bi tion is
to be come the ma jor SDI con fer ence in the re gion and be in flu en tial for
SDI de vel op ment. The main theme is the de vel op ment and use of Spa tial
Data In fra struc tures and all their as pects – tech nol ogy, cri te ria and stan -
dards for or ga niz ing and shar ing spa tial data, with an em pha sis on the
re al iza tion of the Eu ro pean INSPIRE di rec tive in South East Eu rope.
Dead line for ab stracts is the 15th of Feb ru ary 2010.

Many sup ple men tary ac tiv i ties are nec es sary for the im ple men ta tion of
SDIs and INSPIRE. Such ac tiv i ties com prise aware ness cre ation, train -
ing, net work ing, and fur ther more busi ness re lated ac tiv i ties such as mar -
ket cre ation and busi ness plan ning. They should be in cluded in the strat -
e gies and ac tion plans of gov ern ment au thor i ties or NGOs for the re al iza -
tion of SDIs, for the use of GIS and for sharing of data.
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Mutational Ty pog ra phy
in Se cu rity Print ing

Ab stract

New dig i tal dig i tal let ters are pro duced with the help of com puter
graphics. They set the ba sis for in tro duc ing mutational ty pog ra phy
with emphasized use in de sign ing doc u ments and se cu ri ties. This
paper presents meth ods and com mands for trans form ing let ter shape
that con ven tional graphic pro grams fail to pro vide. De for ma tion may
be a stochastic one as well, but also a strictly de fined one and sub ject
to designer re quire ments. Mu ta tion is achieved by trans for ma tion of
texts through a pro gram made in ad vance on ba sis of prim i tive post script 
com mands con trol ling mem ory stack ad dress ing. This pa per elab o rates
and ex plains the mo ti va tions for ac ti vat ing in di vid u al ized mu tant



fonts as a rou tine in tool de sign. There is more in ter est in cre at ing such
ty pog ra phy if it is planned in ad vance to be used in the area of graphic
prod uct se cu rity. The same font used in pro duc ing one se cu rity
 document, but car ried out in dif fer ent trans for ma tions cre ates new
 designer so lu tions and con trib utes to greater pro tec tion in se cu rity
 printing.

Key words: mutational ty pog ra phy, se cu rity print ing, sto chas tic trans -
for ma tion

1. In tro duc tion

When de sign ing se cu ri ties, the choice of ty pog ra phy plays a sig nif i cant
role in the group of se cu rity el e ments that must be in cluded as part of
the doc u ment de sign. Ty po graphic de signs have a dou ble role. Be sides a
doc u ment’s graphic de sign, the ty pog ra phy it self must in clude a se cu rity
func tion. Tools for de sign ing font let ters for Post Script sys tems are al -
ready suc cess fully used in the past twenty years. The it er a tive phases of
the pro cess were: hand made col lec tion of all let ters on pa per, de ter mi na -
tion of geo met ric sys tem in ty po graphic scale, scaning of let ters, vi sual
con trol of comforming let ter face and gen er at ing the font for the com -
puter use [1].

In the non-Eng lish ar eas, those tools were the main part of mas sive ex -
ploi ta tion of new ap pli ca tions that had their su perb orig i nal, but pro -
tected fonts [2]. De sign ers of in di vid ual let ters were mo ti vated dif fer ently 
to cre ate their per sonal hand writ ing let ter de signs with ex treme de vi a -
tions from the ty po graphic rules [3].

In or der to de ter mine shape of the graph i cal let ter Post Script lan guage is 
used to de fine “path” or route [11]. Let ters are formed in side let ter
bound ing bob. It is an imag i nary square, con tain ing a pic ture of a let ter
(glyph). Let ter shape is most com monly pre sented as filled space framed
by in ner and outer path [4].

New fonts are made for each de sign. Dig i tal hand writ ing fonts are
 presented and pro gram codes have been ap plied for mu tat ing let ter
shapes. Four new dig i tal hand writ ing fonts have been de signed (Fig. 1).
Tools based on ran dom se quences have been used for pro duc ing the
fonts.
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2. Ran dom num ber gen er a tors

Let ter shape mu ta tions can be car ried out in dif fer ent ways [5]. The most 
com plex and the most ef fec tive so lu tions are achieved by in tro duc ing ran -
dom num bers [6]. Such gen er a tors de ter mine the let ter’s de for ma tion
form de pend ing on the seed set in the ran dom num ber con gru ency. Each
let ter can have a dif fer ent de for ma tion in de pend ent of the neigh bor ing
let ter.

Ran dom se quences have been used as an ar tis tic ex pres sion in ty pog ra -
phy [7, 9], to mak ing in di vid ual works of art. As they con tain an art ist’s
in di vid u al ity, such works are per sonal cre ations and as such they have
been en tered into mu se ums of con tem po rary art. These graphics are
unique and non-replicable.

They were made as unique pieces of art and this is some thing that is not
typ i cal in the field of graphics. Many of their al go rithms can not be re -
peated be cause there is no lan guage or com puter tech nique that could
make such re pro duc tion. Now a days there are many ex per i ments car ried
out with col ors in the in vis i ble part of the spec trum. Ran dom choice of
UV and IR in ten si ties [8, 12] with pre cise al go rithms has ex panded ty -
pog ra phy into the se cu rity graphics area, as well as into a new man ner of
cre at ing ar tis tic can vases. Re cently some in di vid ual ras ter el e ments have 
been de vel oped [10] that can be placed quite freely into let ter signs. Dig i -
tal screen ing ex pands the area of se cu rity graphics be cause the pa ram e -
ters in screen equa tions are set as a sep a rate in for ma tion out side the
task de scribed by ty po graphic val ues.
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By us ing num ber con gru ency mu ta tions in se cu ri ties ty pog ra phy are de -
ter mined stochastically [7] and this makes a prod uct unique and im pos si -
ble to re peat. This method pro vides strict con trol of se quence and rep e ti -
tion.

New ways to pro tect ty po graph i cal el e ments in se cu rity graphics are in -
tro duced and pro posed on ba sis of the ex e cuted ex am ples. The pro posed
meth ods of pro tec tion are based on the unique ness of the de rived so lu -
tions by which mutational ty pog ra phy is made pos si ble.

Through Post script pro gram ming per sonal ran dom num bers gen er a tors
have been pro duced that cre ate num ber se quences by us ing set val ues
and they are given set func tions in fur ther pro gram ming. Ran dom
 numbers gen er ated in this man ner may take over the val ues of many
 parameters be long ing to pro gram com mands such as: color value, line
thick ness, font size, and es pe cially ac cen tu ated here – the shape of cer -
tain let ters.

The orig i nal Post script gen er a tor is pre sented:

x srand

/m { 2 31 exp 1 sub } def % (1)

/rn { rand m div } def % (2)

The srand func tion sets the ini tial value for the ran dom num ber gen er a -
tor that is im ple mented in the rand func tion. This ini ti a tor may have a
pos i tive value up to 231-1 and this is also the range of the mod ule’s width
in con gru ency. Srand is set at ran dom be fore the se quen tial loop, whereas 
the val ues of ran dom num bers m are gen er ated ac cord ing to the re la tion
(2). Di vi sion by the width mod ule m pro vides the ran dom num ber in the
range from zero to one. The re la tion (1) rep re sents the high est num ber
in small com put ers and that is also the high est num ber with which the
num ber of pseudo rep e ti tions is achieved.

The al go rithm for the rand func tion has never been openly pub lished by
Adobe, cre ator of Post script, so it can not be con trolled in full. An other
faulty char ac ter is tic of the ran dom num ber gen er a tor is the ne ces sity to
in tro duce two or more gen er a tors within one and the same pro gram in
or der for the pro duced ty pog ra phy’s pro tec tion to be fully ef fi cient. These 
are the very rea sons for mak ing per sonal ran dom num ber gen er a tors.
The man ner of de fin ing sequency is used by gen er at ing pseudo ran dom
num bers with the con gru ency method with out the ad di tional mem ber.
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The con gru ency has pa ram e ter (a) the mul ti plier, and the op er a tor
 module.

ri = a*ri-1 mod m

where the ran dom num ber ri is cal cu lated as the mod ule (m) re sult ing af -
ter mul ti ply ing the con stant a and the pre ced ing ran dom num ber ri-1

from the same se quence. We set r0 as the first num ber in the se quence
and called it the seed.

3. Ex per i men tal work

The pro gram so lu tions used in the pre sented ex per i ments have been car -
ried out fol low ing the listed rou tines:

/sjeme S0 def

/m M def

/a A def

/k {sjeme a mul m mod dup /sjeme exch def } def

/rn { k m div } def % ran dom num ber 0. to 1.

Stan dard Post script RAND (ran dom num ber) rou tines are not used in
the ex per i ments for gen er at ing a ran dom se quence be cause we plan two
or more sources that are in par al lel op er a tion with the in ten tion to con -
trol the sto chas tic graphic rep e ti tion. The man ner of set ting the al go -
rithm in the ex per i ments that have been car ried out is by gen er at ing
pseudo ran dom num bers us ing the con gru ency method with its own pa -
ram e ters. Let ter shape de for ma tions have been achieved on ba sis of the
fol low ing pro ce dure:

[f1 f2 f3 f4 f5 f6] makefont

in which the hor i zon tal de for ma tion of the four some is de fined by pa ram -
e ter f1, and the ver ti cal de for ma tion with pa ram e ter f4:

/f4 {rn v1 mul v2 add} def

/f1 {rn s1 mul s2 add} def.

Pa ram e ters f2,f3,f5 and f6 have value zero in this ex per i ment (Fig. 2).
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The ran dom val ues used in the ex per i ment have been set on ba sis of own
rou tine. The ran dom num ber gen er a tor was used. The text “Zagreb” is
writ ten an N num ber of times, and this is set with the re peat loop. The
color change is set ac cord ing to the re la tion

RD GR BL setrgbcolor

where the red and green color val ues are ran dom num bers de rived from
the re la tions

/rn { k m div } def

where the k ran dom num ber was de rived form the re la tion

/k {sjeme a mul n mod dup /sjeme exch def } def.

This ex per i ment was car ried out in or der to show the pos si bil i ties of let -
ter shape de for ma tion with the help of pro gram tools.

Sec ond ex per i ment (Fig. 3.) is much more com plex as to the pro gram pro -
ce dure. This is also why its se cu rity is more ef fi cient and it is im pos si ble
to re peat the pro ce dure and pro duce the same prod uct.

It uses two in de pend ent ran dom num ber gen er a tors:

/a A def % množitelj u kongruencijskom generatoru
/m M def
/Sjeme1 S1 def % gen er a tor br.1
/Sjeme2 S2 def % gen er a tor br.2
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Fig ure 2. Ex per i ment 1; RD=rn; GR=rn; BL=0.1; A0=715; M=12345;
S0=1405; N=5, za v1=40: i v2=10, za s1=120 i s2= 10



/S11 {a Sjeme1 mul Modul mod dup
    /Sjeme1 exch def Modul div } def

/S12 {a Sjeme2 mul Modul mod dup
    /Sjeme2 exch def Modul div } def

Pa ram e ters f1 and f4 that set the four some de for ma tion ac cord ing to the x
and y axis from the ma trix

[f1 f2 f3 f4 f5 f6] makefont

change their value ac cord ing to gen er a tor no 2. The role of gen er a tor no
1 is to carry out sto chas tic change of blue and green col ors. Such gen er a -
tors that are com pletely in de pend ent gen er ate to tally dif fer ent num ber
se quences and en able dou ble pro tec tion. Color change is in de pend ent in
re spect to the let ter boundingbox change. Ad di tional de for ma tion is
achieved by also in tro duc ing vari able val ues for pa ram e ter f3 from the
transformational ma trix. It is set by the “FOR loop” hav ing a value in
the range from Min to Max with the D1 step. For this ex per i ment pa ram -
e ters f2, f5 and f6 have zero value.
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Ex per i ments No 3,4,5 and 6 (Fig. 4, 5, 6) show the cap i tal let ter “L” and
sev eral of its de for ma tions. The let ter used is not taken from some ex ist -
ing font, but was formed with the help of com mands for lines and curves.
In this man ner each line and curve is in de pend ent and may be al tered
sep a rately. Con trolled let ter mu tants are pro duced by such pro gram ming
of ty pog ra phy. The de sign is car ried out with con stant hor i zon tal and ver -
ti cal shift ing of the whole let ter.

The let ter mu ta tion, i.e. the let ter L al ter ing in re spect to one of its lines
only has been car ried out by gen er at ing ran dom num bers for the line
length val ues.
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Fig ure 5. Ex per i ment 4; A=715; M=12345; S0=1405; x=504; l1=300; l2=70

Fig ure 4. Ex per i ment 3; N=10;



By the re la tion

/y {rn l1 mul l2 add} def  %sluèajni broj izmeðu
                            l2 i l2+l1

the value of y is set that is used in the place of axis y value in the re la tion

x y lineto

for mak ing one of the let ter L lines. As y is vari able, its value de pends on
the ini ti a tor value and var ies through out the pro gram ex e cu tion ac cord -
ing to the re la tions set. Color change and line thick ness are also used in
the same ex am ple and they are also ran domly set on ba sis of known re la -
tions and ini ti a tor val ues.

In ex per i ments No 5 and No 6 the let ter L is mu tated along the hor i zon -
tal and ver ti cal lines. Shift val ues equal to the ones in ex per i ment No 4,
ex cept that in ex per i ment No 5 the val ues in the y re la tion are also in tro -
duced in the x axis value in the re la tion

x y lineto.

Ex per i ment No 6 has a ver ti cal line de for ma tion to the right. This was
achieved by in tro duc ing a new re la tion

/n {rn 400 mul 625 add} def  %sluèajni broj izmeðu
                              l4 i l3+l4
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in the place of

n y L

when de fin ing the line’s im age.

Ex per i ments No. 7 and No. 8 (Fig. 7, 8) have been car ried out ap ply ing
the same pro gram pro ce dure. Also, a third ran dom num ber gen er a tor
was in tro duced. Two com pletely dif fer ent im age de signs were the re sult.
Such de signs were car ried out in or der to stress the im por tance of know -
ing the ini tial pa ram e ters and their in flu ence in car ry ing out pro gram

128 Staniæ Loknar, N. et al.: Mutational Ty pog ra phy in Se cu rity Print ing

Fig ure 7. Eksperiment 7; A=123; M=1503951; S1=3108978; S2=1405977;
S3=2304978; RD=rn; GR=0.5; BL=rn; l1=70; l2=30;l3=90;l4=30;l5=270;

l6=10;h=6; N=12; h=6



pro ce dures in case it is planned to re peat the ex per i ment. Com pletely dif -
fer ent so lu tions have re sulted by chang ing the pa ram e ter val ues within
the same pro gram pro ce dure. All of the pa ram e ters are given at the bot -
tom of the pic tures for each ex per i ment. Seven dif fer ent fonts were used
among them Helvetica, the well-known font from the Win dows fonts,
whereas the other fonts come from our da ta base and have been de signed
for the needs of this pa per.

Set fonts are placed within the ar ray re la tion, and all of the ran dom
num bers from 0 to 6 have been set with the help of:

/Jr rn h mul def /j Jr round cvi def.
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Fig ure 8. Eksperiment 8; A=71155; M=4659; S1=4782; S2=9257;
S3=7803; RD=rn ;GR=0.5 ;BL=rn; l1=70; l2=30;l3=90;l4=30;l5=270;

l6=10; N=12; h=6



In or der to en able rep e ti tion of the ex per i ment, the com plete pro gram
pro ce dure is at tached to this pa per. Ran dom choices of FN fonts are
shown set by the fol low ing re la tions:

/FN1 {/BRUSH21_.PFB} def
/FN2 {/Helvetica} def
/FN3 {/NEW_____} def
/FN4 {/BRUSH38_.PFB} def
/FN5 {/MAKISUPA.PFB} def
/FN6 {/BRUSH45_.PFB } def
/FN7 {/BRUSH49_.PFB} def

/s { mark pstack pop } def
/a A def %
/m M def
/Sjeme1 S1 def % gen er a tor br.1
/Sjeme2 S2 def % gen er a tor br.2
/Sjeme3 S3 def % gen er a tor br.3

/S11 {a Sjeme1 mul m mod dup
    /Sjeme1 exch def Modul div } def

/S12 {a Sjeme2 mul m mod dup
    /Sjeme2 exch def Modul div } def

/S13 {a Sjeme3 mul m mod dup
    /Sjeme3 exch def Modul div } def

/p {S12 l1 mul l2 add} def  %sluèajni broj izmeðu
                             l2 i l2+l1
/v {S12 l3 mul l4 add} def  %sluèajni broj izmeðu
                             l3 i l4+l3
/rot {S13 l5 mul l6 add} def  %sluèajni broj izmeðu
                               l6 i l6+l5
/rn {p 100 div} def  %sluèajni broj izmeðu 0 i 1
0.4 0.4 scale
400 400 trans late
N {v 10 moveto
RD GR BL setrgbcolor
/Jr rn 6 mul def /j Jr round cvi def
[FN1 FN2 FN3 FN4 FN5 FN6 FN7] j get findfont
v scalefont setfont
(ZNAK)show rot ro tate} re peat
showpage
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The font to be dis played in the in di vid ual pro gram print outs is cho sen
stochastically. In or der for the over all ex per i ment to have better se cu rity
char ac ter is tics, ran dom val ues of red and blue are used in the same man -
ner as in the pre vi ously de scribed cases. The ver ti cal shift is con stant,
whereas the hor i zon tal shift value is set with v vari able. The font size in
in di vid ual print outs is set with the same re la tion. It is set in the pro gram 
and the word “Znak” is re peated N times. Three dif fer ent gen er a tors
were used in dif fer ent pa ram e ters.

Gen er a tor No 1 is used for gen er at ing ran dom num bers in the range from
zero to one. The sto chas tic change of red and blue col ors is set in this man -
ner. The same gen er a tor is used for choos ing the font types in in di vid ual
print outs. Gen er a tor No 2 de ter mines the hor i zon tal shift of each print out
and the font size. Gen er a tor No 3 sets the text ro ta tion an gle in each
print out. The gen er a tors are in de pend ent of each other and each one of
them pro vides a dif fer ent se quence of ran dom num bers. Ow ing to this it is
im pos si ble to re peat the de signs with out know ing the ini tial pa ram e ters.

The im por tance of know ing cer tain pa ram e ters is stressed be cause it is es -
sen tial to know them in or der to re peat the de scribed se cu rity ty po graph i -
cal de signs. This is best seen in ex per i ments No 7 and No 8. The in tro duc -
tion of the sec ond and third ran dom num ber gen er a tors and their ap pli ca -
tion to var i ous pa ram e ters in the pro gram de signs makes it im pos si ble to
re peat the ex per i ment. These so lu tions are ap plied in mak ing doc u ments
with se cu rity el e ments such as all types of se cu rity pa pers, di plo mas, en -
trance tick ets for all kinds of events, trans por ta tion tick ets, etc. Be sides
the CMYK and RGB sys tems, the ty po graph i cal so lu tions of fered may also
be car ried out as UV col ors or in fra red col ors [6]. With such ap pli ca tion se -
cu rity el e ments be come even more ef fi cient. The se cu rity el e ments are ob -
served only un der de vices that have the pos si bil ity of se lect ing wave -
lengths so that the graphic de sign of a doc u ment can also be car ried out as
a dou ble de sign. One de sign is vis i ble in the vis i ble spec ter and the other
de sign in the spec ter area in vis i ble to the hu man eye [8].

4. Con clu sion

The pro duced dig i tal let ters pro vide the foun da tion for in tro duc ing
mutational ty pog ra phies into the field of se cu rity graphics. The in tro duc -
tion of ty pog ra phy into pro gram pro ce dures re sults in cre at ing unique
de signs such as pre sented in this pa per. The sto chas tic ap proach en ables
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the emerg ing of ty po graphic trans for ma tions that are fully in di vid ual
and un re peat able with out pos sess ing known set pa ram e ters. It is not pos -
si ble to carry out such de for ma tion of let ters by us ing con ven tional
graphic pro grams. The pur pose in car ry ing out the pre sented ex per i -
ments is pri mar ily to pro vide graphic prod uct se cu rity and cre ate in ter -
est ing ty po graph i cal so lu tions in doc u ments and se cu ri ties.
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De signer’s Cus tom Screen ing El e ments
De vel op ment

Ab stract

Screen ing in one of es sen tials pro ce dures in graphic arts re pro duc tion.
Screen ing el e ments made pos si ble to re pro duce var i ous tints, shades and
col ors on the printed im age.

Stan dard el e ments shapes were as so ci ated with ba sic screen ing sys tem,
but in for ma tics tech nol ogy al lows to achieve spe cial pur pose, cus tom
 designed el e ments for stan dard, but also wide range of el e ments
and screening sys tems for var i ous tasks and ded i cated re pro duc tion pur -
poses.

Key words: Graphic re pro duc tion, screen ing sys tems, pro grammed el e -
ments, de sign ers ap pli ca tions



The timeline

We could say that the ne ces sity to re peat or re pro duce some sign or im age 
goes far back into his tory. As long ago as in the Bab y lo nian em pire times
cyl in der seals ex isted and served as proof of cer tain doc u ments’ au then -
tic ity in those times.

As there was no other way to do it, re pro duc ing any doc u ment or re cord
was done by hand copy ing. The method of rep li cat ing cer tain draw ings or 
signs with the help of xylography was taken over from Far East (T’ang
Dy nasty, Di a mond Su tra; Yi Munsun, Ko rea’s Koryo Dy nasty) sources in
more re cent times (in the 11th cen tury was in tro duced in Eu rope), and
this means the carv ing of cer tain pro trud ing forms in wood and their
print ing onto a suit able sur face, the re sult of which were prints. (fig. 1,
2, 3)

134 Agiæ, D. et al.: De signer’s cus tom screen ing el e ments de vel op ment

Fig ure 1. Bab y lo nian seal

Fig ure 2. Print ing plate (Worin ch’on-gang chi ko, Ko rea)



The me di eval incunabula were some times a com bi na tion of texts and
added im ages and this was used in the printed doc u ments of those times.
Af ter a cer tain pe riod of time in stead of wood plate (fig. 4), a metal plate
was in tro duced and used as the me dia for pro duc ing im age in for ma tion
in the doc u ments of the pe riod in the form of a cop per plate en grav ing

and etch ing with con cave el e -
ments (and this would cor re -
spond to to day’s in ta glio).
Gutenberg’s mov able types in -
ven tion was suit able for pro mul -
gat ing a “writ ten word” (fig. 5),
but all pos si ble changes ap pli ca -
tion of the print ing sys tem al -
lowed more ex ten sive pro duc tion 
and dis tri bu tion of such printed
im ages or draw ings done by var -
i ous mas ters.

Such im ages (re pro duc tions)
were in fact draw ings, and the
pos si bil ity of shades (tones) was
achieved by closer or fur ther
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Fig ure 3. Fron tis piece of the ear li est dated printed book, the Di a mond Su tra, 868.

Fig ure 4. Wood cut print (XVI cen tury)



 setting of el e ments that dis played a lighter or darker shade. This type of
re pro duc tion ac tu ally re quired as oblig a tory the craft and skill of an art -
ist in volved in mak ing it, and also knowl edge on the ma te ri als and tech -
nique used.

Li thog ra phy as a re pro duc tion pro ce dure be came known of at the end of
the 18th cen tury (Alois Senefelder 1796). It was a re pro duc tion tech -
nique us ing plates with crayon draw ings, where the main prin ci ple over -
tak ing of dyes from then plate to sub strate was the ef fect of hy dro philic
and hy dro pho bic prop er ties, and in case of a multi-color re pro duc tion
(chromolithography, 1837), a spe cial (ex tra) form had to be achieved for
each printed color.

Cor re spond ing photo sys tems were de vel oped with the de vel op ment of
pho tog ra phy (Daguerre, Tal bot), as well as photo ma te rial suit able for
pro duc ing pho to graphic im ages, that also ren dered reprographic pos si bil -
i ties. The works of New ton (Seven Pri mary of Sim ple Col ors, Opticks
1704) open the area of knowl edge about light and col ors, and this is con -
tin ued by many, es pe cially Maxwell (Ex per i ments on Color 1855, on the
The ory of Com pound Col ors, 1860), H. Von Helmholz (Man ual of Psy cho -
log i cal Op tics Vol II 1860) where fresh knowl edge is ac cepted al low ing
thereby the de vel op ment of the man ner of pro duc ing pho to graphic color
im ages based on the ad di tive as well as subtractive color mix ing prin ci -
ple.

As tech nol ogy was able to make black and white re pro duc tions (prints),
de sire for col ored re pro duc tion grew, so subtractive prin ci ples of achiev -
ing such re pro duc tions had started to be used in graphic re pro duc tion as
well. Pho to graphs were able to re pro duce var i ous tones , af ter col ors
also), but that due to the pho to graphic sys tem (sil ver halides, emul sion,
ex po si tion, etc). Gen eral print ing sys tems can not show dif fer ent shades
(light ness), some have tried to over come the prob lem of re pro duc ing
shades in the graphic sys tems (F. Tal bot, M. Jaffe, C. Angerer, G.
Meisenbach) by us ing nets and line sys tems try ing to achieve var i ous
tones (shades) with var i ous print ing ar eas. Only af ter a screen sys tem
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Fig ure 5. Let ter press types



had been pro duced on ba sis of a glass screen (fig. 6) (Louis broth ers at
the same time as M. Levi in 1890), and by us ing the cor re spond ing photo
ma te ri als as well as print ing form sys tems, it was made pos si ble to have
suc cess ful graphic re pro duc tion and sin gle multi-shade im ages as well as
multi-color ones, with the prin ci ple on dif fer ing print ing el e ments (dots)
and their cov er age, mean ing a part cov ered with screen ing el e ments in a
el e men tary screen ing cell. (Willkom, 1978)

Due to the sim plic ity in pho to graphic as well as film pro ce dures, the dual
tone man ner of show ing col ors (Hernandez, around 1912) was used in
print ing for a cer tain pe riod of time, be fore stan dard sep a ra tion tech -
nique and subtractive col ors plus black were widely used (fig 7.)

Glass screens were rather lim ited as to the pos si bil i ties of var i ous screen
rul ings as well as screen el e ment shapes, and their pro duc tion was quite
com pli cated. The pos si bil i ties of ma nip u lat ing with shades (tints and col -
ors) were quite mod est tak ing into ac count that the pro cess was gen er ally 
non-di rect and leaned upon the char ac ter is tics of the op ti cal sys tem, pho -
to graphic ma te rial and the screen it self.

Cer tain ad just ing of re pro duc tion pa ram e ters (screen el e ment form) was
en abled by pos si ble over lap ping of (glass) screen lines at some other an -
gle (dif fer ent in re spect to 90°) whereby the el e ment form al tered partly,
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Fig ure 6. Prin ci ple of glass screen, el e men tary cell (left),
po si tion in cam era back (right)



or with the use of spe cial lens shades fig. 8, (Kraus) and this re quired ad -
di tional at ten tion. Con tact screens (gray and ma genta) are in tro duced in
the twen ti eth cen tury’s Fif ties (fig. 9) and they of fer a some what wider
choice of screen rul ings and screen el e ment forms, as well as the so-called 
screens for spe cial ef fects. They al lowed better qual ity re pro duc tion, but
any fur ther al ter ing of any pa ram e ter re quired phys i cal al ter ing of the
screen sys tem, i.e. the al ter ing of the screen it self. That short age of var i -
ous el e ment shapes and their miss ing in to day’s screen ing and re pro duc -
tion pos si bil i ties of their de vel op ment for var i ous pur poses and ap pli ance
be comes pos si ble with the aim of in for ma tion tech nol ogy and pro gram -
ming. (Agiæ 2002, Žiljak, 2002)

138 Agiæ, D. et al.: De signer’s cus tom screen ing el e ments de vel op ment

Fig ure 7. Sep a ra tions (cyan, ma genta, yel low, black, left),
stan dard sep a ra tion an gles (right)

Fig ure 8. Spe cial lens-ob jec tive masks used for chang ing screen ing el e ment shape



Scan ners, the elec tronic re pro duc tion de vices, first ap peared as an a logue
sys tems-an a logue com put ers (fig. 10) with gen er ally ba sic pos si bil i ties
for color and tones cor rec tion, mag ni fi ca tion and some other ba sic cor -
rec tion op tions for si mul ta neous (cor rected) print out to film as a semi
con tin u ous im age. They mostly were de signed as drum scan ners (Bur den, 
1980), af ter ward as flat bet de vices. Later screen ing pos si bil i ties were
added.

Re cent ac com plish ment

Dig i tal sys tems with pro gram aimed con trol of re pro duc tion are
 introduced in the twen ti eth cen tury’s Sev en ties, and they take over the
lead ing role in re spect to an a logue and in di rect re pro duc tion sys tems.
They in tro duced a wider choice of var i ous cor rec tion op tions, and were
able to pro duce a “dig i tal dot” as subcell (supercell) ma trix (fig: 12),
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Fig ure 9. Con tact screen (func tion) left, en larged “dot” in the con tact screens (right)

Fig ure 10. Sche matic lay out of a (si mul ta neous work ing) scan ner
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Fig ure 11. Some stan dard screen el e ment shapes: a) square, b) chain, c) el lip tic,
d) lines, e) square lines, f) dou ble dot, g) brick, h) round

Fig ure 12. Form ing supercell and “dig i tal dot “ (Screen ing Tech nol ogy 05-2002,
Freyer 2006)



and screen ing sys tems with means of screen ing com puter us ing ta -
bles. Sep a rat ing func tions in such sys tem “scan ner” over took the
 function of a “in put de vice”, pro duc ing a dig i tal im age build of pixel
 matrix, re corder as a out put de vice, and im ple ment ing screen ing
 functions, and af ter PS pro gram ming into a RIP, (ras ter im age pro -
cessor) first as hard ware, later as soft ware man aged de vices, the
 possibilities wid ened not only as AM also as FM screen ing sys tems
 producing “dig i tal dot”, mean ing screen ing el e ment. Pro duc ers of
 screening sys tems (RIPs and re cord ers) their prod ucts ap plied to
various printing ca pa bil i ties, but in ap ply ing var i ous screen ing el e ment
shapes mostly used stan dard, con ven tional or well known ones, such
as round, square, el lip ti cal (chain), line, or sim i lar ones. (Morgenstern,
1985)

All of them sup port pa ram e ters such as ac cu rate of cov er age, sys tem
struc ture (AM or FM), ex act sep a ra tion an gles or any an gle, shape of el e -
ment in any com bi na tion, dot gain, dith er ing pos si bil ity RIPs are rather
closed sys tems, but to days in for ma tics sup port al lows cre at ing var i ous
shapes of el e ments us ing a PC and ex port it to es tab lish a film or plate
for re pro duc tion.

Pro grammed shapes

This opens a prac ti cally un lim ited pos si bil i ties of cre at ing screen ing
 models and screen ing shapes that can be fixed on the im age, but
 simultaneous vari a tions of var i ous pa ram e ters are pos si ble. As in such
com bi na tions pic ture el e ment be comes sim i lar to screen ing el e ment
in function, this opens a wide range of pos si bil i ties and im prove ments
in reproducing col ors and tones on var i ous print ing sys tems. (Pap et al.,
2008)

Such im ple men ta tions lead to an in ter est ing sit u a tion of cre at ing
custom designed screen ing el e ments and sys tems for ded i cated repro -
duction  purposes. This im plies spe cial (cus tom) shapes of el e ments,
 applications in valu ables, very high in di vid u al iza tion, con trol of
various cmyk pa ram e ters such as dot gain, (Žiljak et al., 2009) spe cial ef -
fects, spe cial de sign ers ap pli ca tions etc. (Žiljak et al., 2005, Datevernier,
2008)
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Fig ure 13. Lay out of r52 and r53 el e ments shape (0 deg. screen ing an gle)

Fig ure 14. r 52 3D view



In this pa per two new screen ing el e ments r52 and r53 are in tro duced.
For each of them a de tailed test ing in whole range of coverages is made.
Such de tailed test ing must be ap plied cause (Žiljak et al., 2003)

de ter min ing its decesion its de ci sion algorithn, what is an last ing pro cess
that can dis con tinue crafts man ship of the print ing form with out dec la ra -
tion of the cause of sus pense of the pro cess.

Z= Abs[(Abs[x^4]-Abs[y^2]) ]

PS code:

/r52 {dup mul dup mul abs exch dup mul abs sub abs
} bind def

Pixel light ness is given with the vec tor light ness

5 2 8 [1 1 div 0 0 1 1 div neg 0 0 ]
{<80cc77ee44aa22cc06f0>}
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Fig ure 15. r52 top o graphic view



Trig o no met ric in di vidu ali sation for r53:
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Fig ure 16. r 53 3D view

Fig ure 17. r 53 top o graphic view



z=1-Abs[ Sqrt[Abs[Sin[x]-y^2]]-Sqrt[Abs[Cos[y]+x^2]] ]

z x y y x= - - + + - +1 2 2Abs Abs Cos Abs Sin[ [ [ ]] [ [ ]]]

PS code:

/r53 {dup sin 2 in dex dup mul sub abs sqrt 3 1 roll 
exch cos exch dup mul add abs sqrt sub abs 1 exch
sub } bind def/r54 {dup 2 in dex div abs 3 1 roll
mul add 20 div } bind def

Nu mer ous pro grams (ap pli ca tions) are in in te ger range of pa ram e ter def -
i ni tions and is pos si ble to false de ter mine and ar rest the plot ting of the
CTP print ing form for large for mats, as for news pa per print ing screen ing 
con tin u ous val ues over all screen ing pa ram e ters. Caused of that (dis) con -
tin u ous pro cess, huge disservices in pro duc tion are pos si ble, so im mi nent
and close col lab o ra tion be tween de signer and pro gram ming en gi neer of
ded i cated screens and the print ing plant that fa cil i tates, nu mer ous test -
ing and ex per i ments on pro duc tion print ing plates have to be per formed.

In this work two new al go rithm for screen ing shapes are pro posed in re -
spect that they can be pro cessed and re al ized in cur rent CTP sys tems.
Per mis sions for max i mal en larg ing of the level of den sity def i ni tions are
al lowed. The best ex am ple for such def i ni tion is for the el e ment shape
r52 where in an a lyt i cal ex pres sion is ap pended a dim i nu tion of the func -
tion as pro ceeded in PS func tion to 20 DIV. Such ad justed value of the ex -
pres sion en sures ac cess through the CTP sys tem, al though for vi sual
screen ing it can be at the value of 10. For smaller val ues this screen ing
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Fig ure 18. Screen ing el e ment “ring” as re pro duced (lay out)
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Fig ure 19. El e ment “ring” as 3D view

Fig ure 20. El e ment “ring” as top o graphic view



el e ment shape sus pends the pro ce dure of bitmapping pro ce dure, but that
de pends of the def i ni tion of cer tain pixel den sity. A very in ter est ing el e -
ment “ring “con tain ing very ex tended char ac ter is tics was al ready in tro -
duced (Vujiæ et al., 2009.)

Ring:

z x y= - +1 4 162 2Abs Sin[ [ * ]]

z=1-Abs[Sin[Sqrt[(x^2+y^2)*16]]]

PS code:

/rP { dup mul exch dup mul add sqrt 160 mul sin abs 
} bind def % prsten

Sim i lar be hav ior with screens in the se ries of ex am ined r95 and r73
shapes were found (Pap et al., 2009.)

As con tem po rary graphic arts ac tiv i ties are in cor po rated with color man -
age ment and workflow , so all men tioned shapes and mod i fi ca tions of el e -
ments can be used and ap plied within that sys tems and sup port pre dicted 
con di tions. Ex tended as sign ments with sys tems of non vis i ble part of
spec trum col ors can be ac cessed too.

Con clu sion

A con tin u ous over view about rise and de vel op ment of ap proach the re -
pro duc tion pos si bil i ties is pre sented. It was a long way from first writ ten
ideo graph, char ac ter, cave paint ing, seal as a clue of au thor ity, to wood cut 
and me tal lic sten cils, and pos si bil i ties of in te grated script and pic ture re -
pro duc tion. To days tech nol ogy, in for ma tional sup ported wid ens lim its of
pos si bil i ties of all top ics wanted to be re pro duced or printed on var i ous
sub strates or me dia. Re pro duc ing fa cil i ties com pre hend whole sur round -
ing from ma te ri als, pro cess ing pos si bil i ties, or der ing, be lief sup ported by
tech ni cal, pro gram ming, and all pos si ble de mands. For var i ous re pro duc -
tion and print ing pur poses where screen ing is used and spe cial de mands
have to be im ple mented, in clud ing spe cial inks and col ors for ded i cated
pur poses, (Žiljak-Vujic et al., 2008.) close co or di na tion be tween re pro duc -
tion and print ing tech nol o gist, de signer and pro gram ming de vel oper is a
ne ces sity. Spe cial shapes and func tions by screen ing tech nol ogy are not
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only de sign ers ways of ex pres sion, they are pres ent in nu mer ous graphic
arts prod ucts, as cus tom de signed ef fects, valu ables, per son al iza tion, etc.
(Pap et al. 2009, Žiljak-Vujic et al., 2006.)

Cus tom de signed and pro grammed screens as r95, r73 al ready found
their place in screen ing tech niques. In tro duced re al ized ,proved screen ing 
el e ments at trib ute fur ther ar range ments as vi sual and tech ni cal way out
for fur ther wide gamut of re al iza tions.
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Pro cess and Struc ture of JDF Pro to col
in Pro duc tion of Hard cover Books

Ab stract

The pri mary pur pose of the in te gra tion of dig i tal print ing pro cess is the
un in ter rupted ex change of in for ma tion about a given prod uct within dif -
fer ent pro duc tion de part ments in stalled at var i ous con trol plat forms.
Pro duc tion pa ram e ters with the pro posed workflows and in for ma tion
flow about the prod uct are in te grated into the JDF (Job Def i ni tion For -
mat) pro to col that pro vides re mote con trol of pro duc tion with em pha sis
on the op ti mi za tion of the pro cesses. Us ing the in stalled re sources. XML
(Extensibile Markup Lan guage) in de pend ent markup lan guage sup ports
JDF re cords and in tro duces a new way of com mu ni ca tion and con trol of
graph i cal pro cesses.

Key words: In te gra tion, JDF, au to ma tion, MIS, XML



1. In tro duc tion

Graphic pro cess ing in dus try on the mar ket to day in te grates mostly het -
er o ge neous work ing struc ture with an em pha sis on an in ter mit tent (or
non-ex is tent) trans mis sion of dig i tal in for ma tion. Non-con for mity and
non-uni for mity of such re cords and per form ing pro ce dures forced the
man age ment to nu mer ous dis cus sions and sem i nars fo cus ing on the is sue 
of lead er ship and man age ment of graphic pro duc tion. Ac cord ingly, a con -
sor tium of the world’s most pres ti gious firms (MAN Roland, Hei del berg,
Agfa, Adobe) was cre ated with the pur pose of set ting a com mon stan dard
of com mu ni ca tion be cause each in di vid ual at tempt was a fail ure and
none of the pro posed stan dards was mea sured as an ISO stan dard. The
main com mon goal was solv ing the cur rent sit u a tion and cre at ing pre -
sump tions for the in tro duc tion of a new uni form code for mat that could
in te grate a com plete video pro duc tion, in clud ing man age ment of pro duc -
tion pro cesses.

Al though the JDF Pro to col rep re sents the pro spec tive and safe fu ture of
pro duc tion and man ag ing, its com plete im ple men ta tion will be pos si ble
when all the el e ments of the sys tem are net worked. This means that the
ma chines will with their mem ory and man ag ing sys tems be able to cor re -
spond to the above stated pro gram ming lan guages, the op er a tors who
will be trained and mas ter the pro grams and the stand ardi sa tion which
will cer tainly have to be de fined ac cord ing to the ISO Stan dard.

The abil ity to achieve re sults would be vis i ble in the pro posed in te gra tion of:

• au to mated pro duc tion units,

• the pro duc tion (prepress – press – postpress) and

• sub se quent anal y sis with el e ments of cor rec tions

2. JDF Pro to col as Stan dard of Graphic Com mu ni ca tion

The JDF graphic com mu ni ca tion pro to col de scribes the workflows that
are based on the XML pro gram ming lan guage and CIP3/PPF (In ter na -
tional Co op er a tion for In te gra tion of Prepress,

Press, and Postpress/Print Pro duc tion For mat) tech nol ogy and rep re -
sents the cus tom iz ation of the given in dus try stan dard. A trans par ent
form of pro duc tion in te grates all the workflows, from the ideas of the
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 authors pre sented in dig i tal form, to the fi nal ap pear ance of the prod uct,
in clud ing the sur round ing pa ram e ters with dif fer ent in puts.

The main char ac ter is tic of the JDF com mu ni ca tion is de sign ing the sys -
tem into a unique flowchart of the work ing phases, which are di vided
into groups: prep a ra tion (prepress), print (press) and fin ish ing
(postpress). The pro posed JDF pro vides a prog ress in the de scrip tion of
au to ma tion of pro duc tion pro cesses with an em pha sis on in creased ef fi -
ciency through the op ti mi za tion of time and ma te ri als. The con trol and
mon i tor ing of workflows im proves, and all the data are stored, and thus a 
da ta base for fur ther de vel op ment is de signed. The links are cre ated to
dig i tal graphic sys tem into a sin gle en tity us ing JDF re cords whose ar chi -
tec ture al lows the in stal la tion of con trol pro gram through work tools.

The JDF job spec i fi ca tion de scribes the syn tax and struc ture of the JDF
job or ders JTF (Job Tick ets For mat). JMF (Job Messaging For mat) with
its syn tax is also im ple mented in the pro to col and pro vides valid in for ma -
tion on man age ment of in for ma tion to the man age ment of print ing of fice. 
The mech a nisms are pro vided for com mu ni cat ing through the con struc -
tion of hi er ar chi cal plat forms, which are di vided into com mand cat e go ries 
with the ac com pa ny ing net work ing. JDF in stal la tion is avail able for all
the in stalled op er at ing sys tems that are net worked and con nected to the
server where the da ta base is lo cated. In ad di tion to net work ing of pro -
duc tion de part ments, it is nec es sary to link de part ments with re source
stocks that are au to mated in the con sump tion by each work or der. The
mech a nisms are cre ated for con trol and mon i tor ing of pro duc tion and
sub se quent changes can be en tered in the pro duc tion pro cess ac cord ing
to the com mands sent by the MIS (Man age ment In for ma tion Sys tems).
The JDF re cord is not an ap pli ca tion or sys tem of graphic com mu ni ca -
tion, but it in te grates ref er ence sources on the given graphic prod uct.

The JDF and JMF file for mats which are di rected to wards the ver ti cal
com mu ni ca tion from man age ment to pro duc tion en sure the co her ence of
the re cords on the equip ment of dif fer ent man u fac tur ers, which was not
fea si ble be fore, and thus over comes the ob sta cle in non-ad justed man age -
ment sys tems.

With such a de sign JDF has the fol low ing ben e fits:

• the abil ity to re cord a unique code which de scribes the work ing phase
and dis trib utes them to all de part ments where nec es sary. These doc u -
ments de scribe all the el e ments of the prod uct as well as all CIP3 pro ce -
dures up to de liv ery of the fin ished prod uct;
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• the abil ity of dis trib ut ing in for ma tion be tween the man age ment of pro -
duc tion (MIS) and all pro duc tion de part ments by bi-di rec tional com mu -
ni ca tion. JDF pro vides an in sight into the ba sic cal cu la tion lists and
sub se quent cal cu la tion af ter ex e cu tion of the pro duc tion;

• the abil ity to in spect the fin ished prod uct by cus tomer ideas, i.e. to har -
mo nize prod uct ideas ac cord ing to the in stalled ca pac ity of the print ing
of fice us ing op ti mum so lu tions;

• the abil ity to in spect work in graphic dis play on the screen and the
 definition of de tailed man u fac tur ing pro cesses with se lec tion of fi nal
pro duc tion mod els. Each new pro duc tion workflow com ple ments the
da ta base of workflows that can be cor rected in the pro duc tion pro cess.

The first beta JDF spec i fi ca tion were pre sented in 2000, and the next
ver sion 1.0 a year later. The de vel op ment of CIP4 stan dards is fol lowed
by the de vel op ment of JDF, and the fi nal ver sion 1.3 was re leased at the
end of the year 2005.

3. Ex change of In for ma tion within Struc ture of JDF Pro to cols

The struc ture of JDF pro to cols is pre sented as a delta flowchart with all
the el e ments nec es sary for its ex e cu tion. The work flow should be an au -
to mated man u fac tur ing pro cess which, as a whole or in seg ments, trans -
mits in for ma tion about the prod uct and tasks to all the par tic i pants in
the ex e cu tion pro cess. JDF pro vides three main fea tures of the com mu ni -
ca tion within the graphic in dus try and the in te gra tion of pro duc tion sys -
tems:

• the first fea ture – JDF as an XML en cod ing mech a nism for the ex -
change of in for ma tion which are as so ci ated with dif fer ent IT sys tems
and in te gra tion of dif fer ent pro duc tive re sources,

• the next fea ture is the flow of in for ma tion by sub-sys tem that pro vides
com mu ni ca tion within the whole sys tem of work for each com puter sta -
tion where an in di vid ual con trol is ex e cuted,

• the last fea ture is the abil ity to im ple ment doc u men ta tion that de scribes
each re source re quired for the com ple tion of all phases of print ing work.

The set-up job as sign ments are set at key job nodes such as the tech ni cal
char ac ter is tics of the hard cover book, MIS in for ma tion on a par tic u lar
prod uct, in for ma tion on a cli ent, dead lines, de liv ery and more. The ar chi -
tec ture in the ex change of in for ma tion was con structed in the shape of a
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pyr a mid, which is di vided into three lev els of man age ment. The dis tri bu -
tion is ac cord ing to the man age ment func tions in the man u fac tur ing pro -
cess. The trans fer of in for ma tion about the prod uct with all the el e ments
and the net work in te gra tion are man aged ac cord ing to in di vid ual
workplaces. The flow within the pyr a mid it self is car ried out us ing
“nodes” to form a hi er ar chi cal pyr a mid of con trol.

The base of the pyr a mid con sists of a spe cific in for ma tion on the work
prod uct that de scribes ev ery sin gle work ing step made by the ex ec u tor.
The next step in the pyr a mid de scribes the graphic prod uct with all pro -
duc tion pro cesses that should be ex e cuted i.e. it de scribes the workflows.
The top of the pyr a mid be longs to the man age ment de part ment, which
con tacts the cli ent, where all the ba sic in for ma tion on all the or dered job
tasks are en tered. The JDF nodes con tain at trib utes and el e ments, while
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el e ments con tain their at trib utes and sub-el e ments, and they again their
var i ous el e ments. The dis tri bu tion of tasks cre ates pre-con di tions for op -
ti mi za tion of the en tire work pro cess, with the de scrip tion of each work -
ing node sep a rately.

Ad just ing the dis tri bu tion of in for ma tion to the de scrip tion of the com -
mands in the ex ec u tive op er at ing points (nodes) pro vides a com plete re view
of the fi nal tasks. The work ing doc u ments ap pli ca ble to print ing and fin ish -
ing ma chines that sup port it and can be con nected to MIS de part ments,
must be ad justed to their level of com put er iza tion. Re cord ing of all work
places should de scribe each phase of work (node) and through the dig i tal re -
cord in the JDF de ter mine its va lid ity or the need for change in the or ga ni -
za tional chart. In cases of eco nomic non-rentability it is nec es sary to ex clude 
such a po si tion, and dis trib ute the in for ma tion about the prod uct to the
next node. The dis tri bu tion points that de scribe the pro duc tion flowchart,
de scribe each phase or the pro cess to be per formed sep a rately.

There are three types of nodes ac cord ing to their de scrip tive func tion:

• Prod uct nodes (trans mit in for ma tion about the in ten tions of the job),

• Pro cess Group nodes (trans mit in for ma tion about the phases of the job, 
i.e. workflow of the pro duc tion) and

• Pro cess nodes (which de scribe an in di vid ual ap proach to in di vid ual
work phases).

The nodes also sup port other in for ma tion re lated to the prod uct and they
are lo cated in the sub-groups of pri mary func tions and de scribe ac tions to be 
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sub se quently ex e cuted. The re la tions be tween the nodes are po si tioned in
two cat e go ries: in a hi er ar chi cal (ver ti cal) or laterar (hor i zon tal) di rec tion.
The com bi na tion of hor i zon tal and ver ti cal nodes forms a com plex net work
en vi ron ment and de scribes the en tire pro duc tion pro cess. The out put in for -
ma tion of a node is usu ally in put into the next node, where the ex change of
pro cess and re source files takes place. In sim pler sit u a tions JDF doc u ment
is shown as a node, which de scribes the func tion holder of a cer tain seg ment 
of the pro duc tion (man u fac tur ing, print ing, fin ish ing). The nodes from the
per spec tive of sep a ra tion of in di vid ual work phases rep re sent dis tinct
phases that in clude the data on im po si tion, time of print ing, the in for ma tion 
on fin ish ing stages and the in for ma tion on the fi nal re sult.

4. Con clu sion

To day there are more than hun dred dif fer ent ver sions which are pre -
sented on the mar ket as ready-made so lu tions for print ing which will be
in stalled us ing the plug and play sys tem and have their in te gra tion
solved. Sub se quently, how ever, the de fi cien cies and in ef fi cien cies of such
ready-made so lu tions are rec og nized. Many such pro jects have never
been ac ti vated in a real graphic pro duc tion, and the rea sons for fail ure
are in their un sys tem atic ap proach and in not rec og niz ing the whole com -
plex ity of pro duc tion. The con crete so lu tions are not pre sented and the
in di vid ual pro duc tion model that will suit the re spec tive printer are not
sug gested. Only the so lu tions de rived from the real pro duc tion that were
tested in con crete sit u a tions in the form of dig i tal mod els and sto chas tic
sim u la tions can con firm the va lid ity of the pro posed model.
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Me chan i cal Methods of Soil Clean ing

Ab stract

Soil clean ing tech nol o gies are be com ing more and more im por tant es pe -
cially in in dus tri al ized coun tries. Ap pli ca tion of soil wash ing i.e. phys i cal
sep a ra tion re sults in cleaned soil which can be re used at the or i gin or the
other lo ca tion. Sep a rated im pu ri ties (met als, hy dro car bons) are con sid ered 
as spe cial waste and fur ther pro cessed and/or dis posed on spe cial land fills.
Tech nol o gies that were orig i nally de vel oped for min eral pro cess ing, due to
sim i lar ity of op er a tive goals – con cen tra tion/sep a ra tion of cer tain mat ter
ad her ing to a cer tain class of grain col lec tive – have a high po ten tial for
use in soil clean ing. The pur pose of this pa per is to give a re view of min -
eral pro cess ing meth ods which can be ap plied in soil wash ing tech nol ogy,
and to pres ent some of the pro cesses suc cess fully ap plied in prac tice.

Key words: soil clean ing, soil wash ing, me chan i cal meth ods



1. In tro duc tion

Soil clean ing (soil remediation) has been gain ing more and more im por -
tance over the last de cade, es pe cially in in dus trial coun tries with con sid -
er able soil pol lu tion due to in ten sive in dus trial ac tiv i ties. The sources of
soil pol lu tion are chem i cal, pet ro chem i cal, phar ma ceu ti cal and graphic
in dus try, ag ri cul ture, met al lurgy, min ing, fos sil power plants, trans port,
land fills, waste re cy cling plants, etc. Croatia, as a coun try with low in dus -
trial ac tiv ity, has a rel a tively clean soil. How ever, due to lack of soil pro -
tec tion strat egy, the soil as a re source was ne glected un til re cent time and 
its qual ity is yet to be de ter mined. Ac cord ing to the avail able data, 1,056
po ten tially pol luted sites were re corded in Croatia, 69 of which were con -
firmed as pol luted sites, but the num ber of po ten tially pol luted sites is
very likely higher (AZO, 2007)1. Also, 11 so called “black spots” were reg -
is tered in 2005 (AZO, 2007)2. Two of them were remediated (power plant
Plomin and PVC fac tory “Ina Vinil”) and one is still in the pro cess of
remediation (coke plant in Bakar). Other sites with crit i cal soil pol lu tion
due to in dus trial ac tiv i ties and im proper dis posal of haz ard ous tech no log -
i cal waste are: as bes tos-ce ment waste dumps of the as bes tos prod ucts fac -
tory “Salonit” (Vranjic and Mravinaèka kava), ex alu mina fac tory in
Obrovac, ex elec trodes and ferro-al loy fac tory in Šibenik, Cro atian Rail -
roads sta tion for wash ing and dis in fec tion in Botovo, haz ard ous tech ni cal 
waste dump “Lemiæ brdo” near Karlovac, tar and waste oil dump in Jama 
Sovjak, phos pho rous-gyp sum waste dump of “Petrokemija” in Kutina
(Fig ure 1).

Not so long ago, de pend ing on the area of con tam i nated site and level of
con tam i na tion, the main meth ods of deal ing with con tam i nated soil prob -
lems were: the iso la tion of con tam i nated area with re stricted ad mit tance, 
cov er ing the con tam i nated area with clean soil and veg e ta tion, or ex ca va -
tion and con trolled dis posal of con tam i nated soil.

To day, there is a wide range of soil clean ing meth ods. Soil wash ing
is a method of soil clean ing in which the con tam i nant is re moved
from the soil, and af ter that cleaned soil can be used again at the
same or different lo ca tion with no threat to hu mans or en vi ron ment.
 Removed con tam i nants are fur ther treated and/or dis posed as a spe cial
waste.
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2. Soil Con tam i nants

From the view point of pedology, soil is an au ton o mous nat u ral and his tor i -
cal cre ation as well as a cap i tal good of ag ri cul ture and for estry
(Martinoviæ, 1997). Key fac tors of soil gen e sis and de vel op ment are soil
ma trix, liv ing or gan isms, cli mate, geo mor phol ogy, time and hu man ac tiv i -
ties. One of the es sen tial prop er ties of soil is its fer til ity which is closely
linked to the de vel op ment of veg e ta tion and liv ing or gan isms in soil. Soil is 
a sys tem con sist ing of four phases – solid par ti cles, so lu tions, air and liv ing 
or gan isms, struc tured by dif fer ent lev els of hi er ar chy: at oms, mol e cules,
par ti cles, ho ri zons, pro files, pedosystems, soil as so ci a tions and pedo sphere.

Con tam i nated soil is a soil that con tains pol lut ant above a cer tain level
caus ing a de te ri o ra tion or loss of one or more soil func tions (EC-JRC,
2010). The func tions of soil are: pro duc tion (food, bio mass), biotopic func -
tion (bi o log i cal hab i tat), en vi ron men tal in ter ac tion (trans for ma tion, reg -
u la tion, fil tra tion, stor age), source of raw ma te ri als, build ing plat form
(Martinoviæ, 1997). Anthropogenic con tam i na tion typ i cally arises from
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the un der ground tanks leak ages, ex ten sive use of pes ti cides and fer til iz -
ers, in fil tra tion of con tam i nated sur face wa ter to the subsurface, land fill
and waste dumps leach ate in fil tra tion, in dus trial wastewater dis charge,
spill ing and in dus trial waste dis posal di rectly on the ground, etc. Soil
con tam i nants can fur ther con tam i nate a ground wa ter and air (EC-JRC,
2010; EPA, 2010).

Soil con tam i nants are usu ally di vided into organics and inorganics. Fur -
ther, or ganic con tam i nants are clas si fied by vol a til ity and pres ence of
halo gens in their chem i cal struc ture (Reis et al, 2008; FRTR, 2010):

1. Organics

– Nonhalogenated Vol a tile Or ganic Com pounds (VOCs)

a. Light Hy dro car bons

b. Ben zene, To lu ene, Ethyl ben zene, Xylene (BTEX)

c. Ox y gen ated Hy dro car bons

d. Other com pounds

– Halogenated Vol a tile Or ganic Com pounds (X-VOCs)

a. Chlo ri nated Hy dro car bons

b. Other X-VOCs

– Nonhalogenated Semi-Vol a tile Or ganic Com pounds (SVOCs)

a. Heavy Hy dro car bons

b. Nonhalogenated Pes ti cides

c. Polycyclic Ar o matic Hy dro car bons (PAHs)

d. Nitrogenated PAHs and Amines

e. Nonhalogenated Phe nols

– Halogenated Semi-Vol a tile Or ganic Com pounds (X-SVOCs)

a. Polychlorinated Byphenyls (PCBs)

b. Halogenated Pes ti cides

c. Other X-SVOCs

– Di ox ins i fu rans

2. Inorganics

– Heavy met als

a. Vol a tile heavy met als and compunds

b. Non vol a tile heavy met als and com pounds

– Radionuclides

– Other in or ganic el e ments and com pounds (azbestos, flu o rine, cy a -
nide, etc.)
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3. Soil clean ing meth ods

Soil clean ing can be ap plied at con tam i nated sites us ing mo bile plants or
in sta tion ary plants af ter trans por ta tion of ex ca vated con tam i nated soil.
Soil clean ing tech nol o gies are clas si fied by main mech a nism of clean ing
into: phys i cal, chem i cal, bi o log i cal and ther mal treat ments (Mar tin et al,
2004). Since an op er a tional goal of cer tain soil clean ing method can be
sep a ra tion of con tam i nant, detoxication of soil by con tam i nant de struc -
tion or con tam i nant im mo bi li za tion, treat ments of con tam i nated soil are
clas si fied into three groups: sep a ra tion (phys i cal and chem i cal meth ods),
de tox i fi ca tion/ de struc tion (chem i cal, bi o log i cal and ther mal meth ods)
and im mo bi li za tion (chem i cal and ther mal meth ods).

Physico-chem i cal meth ods based on phys i cal and/or chem i cal prop er ties
of con tam i nant or con tam i nated me dium are used for the sep a ra tion or
con cen tra tion of con tam i nant, or for its de struc tion i.e. the change of
con tam i nant chem i cal prop er ties. Chem i cal treat ments can be di vided
into two groups: the group of sep a ra tion meth ods used for im prove ment
of phys i cal sep a ra tion (con di tion ing) and the group of de struc tion/de tox i -
fi ca tion meth ods. Chem i cal de struc tion/de tox i fi ca tion meth ods are based
on de struc tion of con tam i nant by chang ing its mo lec u lar and struc tural
prop er ties when re act ing with cer tain re agents, re sult ing in less toxic or
non toxic com pounds. Physico-chem i cal treat ments are low in cost and
en ergy con sump tion, treat ment du ra tion is rel a tively short, equip ment is 
widely avail able and less de mand ing in terms of qual i fi ca tions and num -
ber of per son nel. Ap pli ca tion of some treat ments di rectly in the ground
can meet the dif fi cul ties due to vari a tions of soil pa ram e ters (e.g. clay
and hu mus can cause the vari a tions of soil hor i zon tal and ver ti cal hy -
drau lic prop er ties re sult ing in un evenly cleaned soil).

Bi o log i cal meth ods, based on mi cro bial ac tiv i ties, are used for deg ra da -
tion of or ganic con tam i nants prod ucts like CO2, H2O, fatty ac ids and bio -
mass. Ap pli ca tion is pos si ble both on site and ex site in spe cial re ac tor
tanks. Usu ally, treat ment du ra tion is long but af ter con tam i nant de struc -
tion soil re mains bio-ac tive. Bio-treat ments are ap pli ca ble to soil, sed i -
ments, sludge and wa ter. The costs of im ple men ta tion are low. Con tam i -
nant de struc tion is al most com plete and ad di tional treat ments are rarely
re quired. Dif fi culty with these treat ments is to de ter mine when com plete 
con tam i nant is de stroyed, and ad di tional prob lem can be the sen si tive -
ness of mi cro or gan isms to tox ins and high con cen tra tions of con tam i -
nants.
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Ther mal meth ods are clas si fied in the group of de tox i fi ca tion/de struc tion
meth ods, but some of them are used for sep a ra tion too. Us ing the high
tem per a ture in con trolled en vi ron ment, phys i cal, chem i cal or bi o log i cal
prop er ties and com po si tion of con tam i nated ma te rial (soil, waste) are
changed, i.e. con tam i nant is vol a til ized, in cin er ated, de graded, de stroyed
or melted. Ther mal treat ments are used for clean ing of soil con tam i nated 
with organics like oil and oil de riv a tives (soil near un der ground tanks,
spill ing). De struc tion of con tam i nant is fast (de pend ing on oven ca pac ity
and vol ume of con tam i nated soil), but en ergy con sump tion and equip -
ment costs are high, as well as equip ment main tain ing and per son nel re -
quire ments. In in cin er a tion de vices, e.g. ro tat ing ov ens, at the tem per a -
ture of 500-600 °C, organics are vol a til ized and ox i dized, pro duc ing car -
bon-di ox ide, wa ter and toxic com pounds like SO2, NOx, HCl, prod ucts of
in com plete in cin er a tion and ashes. Af ter ther mal treat ment, the soil is
bi o log i cally dead. Heat ing the soil above 1600°C (vit ri fi ca tion) pro duces
in ert vit ri fied mass, i.e. slag. Be cause of high en ergy con sump tion, these
treat ments are used only if other treat ments are not ap pli ca ble or ef fec -
tive.

Im mo bi li za tion (sta bi li za tion/so lid i fi ca tion) is a group of treat ments for
im mo bi li za tion of toxic com pounds by their bind ing to ma te ri als like soil,
sand or build ing ma te ri als. Toxic com pounds are phys i cally bonded or en -
cap su lated in solid mass which has a high com pres sive strength and low
per me abil ity (ce ment or sil i cate based so lid i fi ca tion, ther mo plas tic so lid i -
fi ca tion, poly mer based en cap su la tion, vit ri fi ca tion) or they are im mo bi -
lized by chem i cal re ac tions with sta bi liz ers (sta bi li za tion). Im mo bi li za -
tion meth ods are ap plied mainly for in or ganic con tam i na tions, but they
can be ap plied ef fi ciently to vol a tile organics and pes ti cides.

Soil wash ing is a tech no log i cal pro cess of sep a ra tion of highly con tam i -
nated soil par ti cles from the re main ing soil, based on dif fer ence in phys i -
cal and phys i cal-chem i cal pa ram e ters of soil and con tam i nant. The sep a -
ra tion is con ducted in wa ter as a me dium. Af ter wash ing, clean soil is
safe for en vi ron ment and ready to trans port to the orig i nal or other lo ca -
tion. Soil wash ing is ap pli ca ble to soil and sludge con tam i nated with
heavy met als, oil de riv a tives, PAHs, cyanides, phe nols etc. Soil wash ing
re fers to the group of meth ods based on phys i cal sep a ra tion and/or chem -
i cal ex trac tion. Phys i cal sep a ra tion is used for the con cen tra tion of con -
tam i nants into a smaller vol ume of soil, based on dif fer ence in phys i cal
prop er ties (par ti cle size, den sity, mag netic, elec tro static and sur face prop -
er ties) be tween con tam i nated soil par ti cles (con tam i nant car rier) and soil 
par ti cles. The aim of chem i cal ex trac tion pro cess is to dis solve the con -
tam i nant us ing the wa ter so lu tion of re agents. If the soil con tam i na tion
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is in the form of par ti cles, phys i cal sep a ra tion is ap plied, and if it is in ad -
sorbed forms, then chem i cal ex trac tion is ap plied. Def i ni tions and use of
ex pres sions “soil wash ing”, “phys i cal sep a ra tion” and “chem i cal ex trac -
tion” can vary from au thor to au thor, how ever, the pre vail ing tech nique
in the pro cess of clean ing has the main in flu ence on choice of ex pres sion.
In the USA and Eu rope, the ex pres sion “soil wash ing” usu ally re fers to
the soil con tam i nant re moval by tech nol o gies com monly used in min eral
pro cess ing (Dermont et al, 2008). The ef fi ciency of sep a ra tion meth ods in 
soil wash ing de pends on soil char ac ter is tics: par ti cle size dis tri bu tion,
par ti cle shape of soil ma trix and con tam i nant, clay con tent, hu mus con -
tent, soil mois ture, het er o ge ne ity of soil ma trix, dif fer ence in den sity be -
tween soil ma trix and con tam i nant, mag netic and elec tro static prop er ties 
of soil and con tam i nant, sur face prop er ties of par ti cles (wet ting), etc. Soil 
wash ing for heavy metal re moval can be dif fi cult, es pe cially in the fol low -
ing cases:

– Metal is firmly bonded to soil par ti cle sur face;

– Soil ma trix and metal car rier par ti cles have sim i lar den si ties;

– Metal is pres ent in wide va ri ety of chem i cal forms;

– Metal car rier par ti cles are pres ent in wide size range;

– Con tam i nated soil con tains more than 30-50% of clay, large amount of
hu mus and/or very vis cous organics.

Sep a ra tion meth ods are ap plied pri mar ily on ur ban and in dus trial soils
con tam i nated by hu man ac tiv i ties. They are not so ef fi cient for clean ing
of ag ri cul tural soil be cause it con tains rel a tively low con cen tra tions of ad -
sorbed met als, high amounts of clays, fines and or ganic mat ter, al though
some treat ments like at tri tion scrub bing can be used for the im prove -
ment of chem i cal ex trac tion of ad sorbed met als. Some re cent ex per i ments 
have shown high ef fi ciency of sep a ra tion meth ods for the re moval of hy -
dro car bons too. Only by wa ter wash ing, 24% of n-al kanes is re moved
from the soil of par ti cles size –0.8 mm, con tam i nated with die sel fuel at
the con cen tra tion of 7% by weight, and the use of sur fac tants in wash ing
pro cess re sults in 97% re moval of the con tam i nant (Khalladi et al, 2009).
At tri tion scrub bing ex per i ments con ducted on sand sam ples of par ti cle
size 0.1-0.5 mm, con tam i nated with die sel fuel 5-15% by weight, re sulted
in 96% con tam i nant re moval (Bayley & Biggs, 2005). Flo ta tion of sand
(par ti cle size 0.4-1.2 mm) also re sulted in high per cent age re moval of die -
sel fuel (> 90%) (Couto, 2009). Min eral pro cess ing tech nol o gies can be ef -
fi ciently ap plied not only for the re moval of metal and or ganic con tam i -
nant, but also for radionuclide re moval (Gavrilescu et al, 2009).
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4. Tech no log i cal pro cess of soil wash ing

In mix ture of wa ter and con tam i nated soil, me chan i cal en ergy is in tro -
duced via cer tain ma chine or de vice and, if nec es sary, a re agent is added
and/or mix ture is heated. In that pro cess, soil ma trix is dis in te grated, in -
di vid ual soil par ti cles are lib er ated and con tam i na tion dis solved and re -
dis trib uted. Af ter clas si fi ca tion, sep a ra tion and dewatering, most of the
pro cessed ma te rial is “washed soil” that can be re turned to the orig i nal
lo ca tion. Small amount of sep a rated ma te rial con tains most of the con -
tam i nants in the form of sludge, light prod ucts (wood, coal, coke, po rous
build ing ma te rial, etc.), flo ta tion froth or wa ter so lu tion. Sep a rated con -
tam i nated prod ucts are treated as spe cial waste or fur ther pro cessed and
dis posed.

4.1. Lab o ra tory char ac ter iza tion of soil sam ples

Ma te rial that en ters the soil wash ing cy cle is not just a soil in the
pedological sense, it is a com plex mix ture of soil form ing min er als, or -
ganic mat ter and im pu ri ties such as small pieces of brick, con crete, wood, 
slag, etc. Be cause of the large num ber of pos si ble im pu ri ties in the mix -
ture, their dif fer ent phys i cal and chem i cal prop er ties, types of inter -
growth be tween im pu ri ties and soil com po nents, and dif fer ences in soil
tex ture, it is not pos si ble to de fine uni ver sal soil wash ing pro cess. Each
case must be thor oughly in ves ti gated and an a lyzed. De pend ing on de ter -
mined spe cific val ues and tech no log i cal in di ca tors, de ci sion about the
most suit able pro cess is made. Usual anal y ses of con tam i nated soil sam -
ples in clude (Salopek et al, 2004):

– de ter mi na tion of den sity, par ti cle size dis tri bu tion, min eral and chem i -
cal com po si tion,

– de ter mi na tion of con tam i na tion con tent in each par ti cle size class, mass
con tent of light and heavy com po nents (light – less than 1800 kg/m3,
heavy – above 2800 kg/m3),

– de ter mi na tion of the type of inter growth be tween con tam i nant and soil
com po nents,

– de ter mi na tion of chem i cal com po si tion and con cen tra tion of con tam i -
nant, the pos si bil i ties of at tri tion, deagglomeration, dis per sion, emulga -
tion and sol u bil ity,

– de ter mi na tion of clas si fi ca tion and/or sep a ra tion cut (Tromp curve,
HR-di a gram), re cov ery and con tam i nant con cen tra tion in washed prod -
ucts.
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4.2. Soil prep a ra tion

Con tam i nated soil can con tain peb bles, rock, slag, con crete or brick
pieces which, due to their size, are not ap pro pri ate for wash ing. Usu ally,
grains larger than 30 (50) mm are sep a rated on vi brat ing screens. If con -
tam i nant con cen tra tion in sep a rated ma te rial is be low a cer tain re quired
value, then the ma te rial is treated as clean. If not, then sep a rated ma te -
rial is crushed, e.g. in im pact crusher, and re turned to the wash ing pro -
cess with the rest of the soil.

4.3. Lib er a tion

The pur pose of grain lib er a tion is to phys i cally sep a rate the min eral
grain from con tam i nant. It is a pro cess of break ing the bonds be tween
soil ma trix con stit u ents and con tam i nant in the soil ma trix. Only suc -
cess ful lib er a tion of con tam i nant par ti cles guar an ties suc cess ful sep a ra -
tion. Choice of lib er a tion pro cess de pends on the type of inter growth be -
tween min eral par ti cle and con tam i nant. The three main type of inter -
growth are pre sented in Fig ure 2. Type 1 is eas ily achieved by mix ing
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Fig ure 2. Main types of inter growth be tween min eral par ti cle and
con tam i nant: type 1 – con tam i na tion in the form of free grains (coal, coke,
brick or con crete par ti cles mixed with soil par ti cles), type 2 – con tam i na tion
in the form of film on soil par ti cle sur face (par ti cles en vel oped with oil or oil
de riv a tives film), type 3 – con tam i na tion dis persed in side the min eral

par ti cle (pen e tra tion of con tam i nant in side the grain).



with wa ter in wash ing drum. Type 2 is more com plex and re quires larger
in put of me chan i cal en ergy. For film strip ping at tri tion scrub ber is used.
If deagglomeration is re quired, high-pres sure jet wash ing is ap plied. At -
tri tion scrub bing prod ucts are cleaned par ti cles, oil-wa ter emul sion and
sludge.

Type 3 of inter growth is the most com plex and lib er a tion can rarely be
achieved only by me chan i cal meth ods. Chem i cal treat ment such as leach -
ing, pos si bly af ter grind ing, is usu ally re quired to con vert the type 3 into
type 2 or 1.

4.4. Clas si fi ca tion

The pur pose of clas si fi ca tion is to sep a rate the groups of par ti cles of dif -
fer ent size into classes. Sep a rated par ti cle classes can be the fi nal prod uct 
or in put ma te rial for the next step of pro cess ing (sep a ra tion). For ex am -
ple, af ter the first step of wash ing in wash ing drum, ma te rial is sieved on
vi brat ing screen where the over size (grains larger than 2 (4) mm) is a fi -
nal prod uct. Un der size (grains smaller than 2 (4) mm) is washed in the
sec ond step (at tri tion scrub bing) or fur ther clas si fied (in a hydrocyclone)
and pre pared for sep a ra tion treat ment (grav ity con cen tra tion, flo ta tion).
Dif fer ent types of vi brat ing screens are usu ally used for the clas si fi ca tion
of coarse ma te rial, and hydrocyclones or some times other types clas si fi ers 
for the clas si fi ca tion of fine ma te rial.

4.5. Sep a ra tion (con cen tra tion, sort ing)

Af ter achieved lib er a tion and sep a ra tion of ap pro pri ate grain size class,
the ma te rial is fur ther pro cessed by a cer tain sep a ra tion method. The
choice of sep a ra tion method de pends on phys i cal and chem i cal prop er ties
of soil par ti cles and soil con tam i nant. The prop er ties are: den sity, mag ne -
tism, elec tri cal con duc tiv ity and/or wet ting.

In the case of type 1 inter growth, with no firm phys i cal bond be tween
con tam i nated soil par ti cles, sep a ra tion is eas ily achieved. Af ter grain size
anal y sis of con tam i nated soil and de ter mi na tion of classes with the high -
est con tam i nant con cen tra tion, im pu ri ties could be re moved by screen -
ing, pro vid ing they are pres ent in the soil in the form of coarse par ti cles.
If the con tam i nant is con cen trated in finer grain size classes, it can be re -
moved by clas si fy ing in a hydrocyclone or hy drau lic clas si fier. There fore,
in sim ple cases of con tam i na tion, clas si fy ing equip ment could be used for
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con tam i nant sep a ra tion. If there is a sig nif i cant dif fer ence in den sity of
soil par ti cles and con tam i nant par ti cles (wood, coal, coke, po rous build ing 
ma te rial), soil par ti cles are sep a rated as a “heavy” com po nent and
 contaminant par ti cles as a “light” com po nent us ing grav ity con cen tra -
tion.

Sep a ra tion of par ti cles intergrown as type 2 or 3 is much more com plex.
In such cases, con tam i nant is sep a rated to gether with bonded soil par ti -
cles be cause com plete lib er a tion is im pos si ble to achieve. For suc cess ful
sep a ra tion, most of the con tam i nant must be con cen trated in a rel a tively
nar row soil par ti cle size range. In the case of type 2 inter growth, the
char ac ter is tic prop erty of con tam i nated par ti cles is par ti cle size. Due to
their large spe cific sur face area and ad sorp tion ca pac ity, fine par ti cles
(e.g. clay par ti cles in soil) ad sorb a rel a tively larger quan tity of con tam i -
nant than coarser par ti cles. By sep a rat ing fine par ti cle size classes, most
of the con tam i nant can be re moved. Hydrocyclones are com monly used
for that pur pose. If con tam i nant is ad sorbed on or ganic mat ter or has a
dis tinct hy dro pho bic prop er ties, sep a ra tion of con tam i nated par ti cles can
be achieved by grav ity con cen tra tion or flo ta tion. In the case of type 3
inter growth, where con tam i nant pen e trates in side the soil par ti cle, sep a -
ra tion is only pos si ble if there is a sig nif i cant dif fer ence in one or more
phys i cal prop er ties be tween con tam i nant and soil par ti cles. In such case,
grav ity con cen tra tion, mag netic sep a ra tion or flo ta tion is ap plied. To ob -
tain more ef fi cient sep a ra tion, ad di tional treat ments such as at tri tion
scrub bing and/or comminution are usu ally re quired. If con tam i nant is
con cen trated in coarser par ti cles (e.g. heavy met als in con crete par ti cles), 
sep a ra tion on sieves could be ap plied. In spe cial cases, con tam i nant is di -
rectly sep a rated by leach ing.

4.6. Dewatering

Soil wash ing pro cess ends with dewatering. Coarse grain size classes
(sand, gravel) are dewatered on dewatering screens, and fine classes
(sludg es) in thick en ers, fil ters or cen tri fuges, de pend ing on par ti cle size
dis tri bu tion and re quired fi nal wa ter con tent in prod uct. Washed clean
prod ucts can be re turned to the orig i nal lo ca tion or used for mu nic i pal
land fill cov er ing, road con struc tion, con crete el e ments pro duc tion, etc.
Sep a rated sludge (con cen trated con tam i nant) is fur ther ther mal or bi o -
log i cally treated, or im mo bi lized and dis posed as spe cial waste.
Wastewater from wash ing pro cess is cleaned as re quired, mixed with
fresh wa ter and re turned to the pro cess.
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4.7. Ex am ples of soil wash ing flowsheets

Fig ure 3. shows the gen eral flowsheet of soil wash ing pro cess (Mann,
1999). Con tam i nated soil is washed and sieved on vi brat ing screen.
Screen over size is the first clean soil prod uct. Screen un der size en ters the 
hydrocyclone for sep a ra tion of fines. Hydrocyclone over flow is thick ened
in lamella thick ener. Thick ener over flow re turns to the pro cess, and the
sludge is fur ther thick ened in a fil ter press.

Fil ter cake con tains the most of the con tam i nant. Af ter at tri tion,
hydrocyclone un der flow is pro cessed by flo ta tion. Flo ta tion over flow is
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Fig ure 3. Gen eral soil wash ing flowsheet (Mann, 1999)



thick ened in a fil ter press to gether with lamella thick ener sludge. Flo ta -
tion un der flow, af ter dewatering in a hydrocyclone and on a screen, is the 
sec ond clean soil prod uct.

Fig ure 4. shows tech no log i cal pro cess of wash ing soil (14,200 t) con tam i -
nated with pes ti cides and or ganic mer cury (Bunge et al, 1995). Feed ma -
te rial (grain size class –150 mm) is wet screened on vi brat ing screen with
mesh size of 2 mm. Screen over size is in tro duced to the wash ing drum
and screen un der size to the hydrocyclone. Af ter wash ing in drum and
 additional siev ing on screen with mesh size of 2 mm, screen over size is
dis posed as a clean prod uct (mix ture of coarse sand and gravel), and
screen un der size to gether with the first screen un der size is clas si fied in a 
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hydrocyclone. Hydrocyclone cut point is circa 0.064 mm. Hydrocyclone
over flow is con tam i nated sludge which is fur ther treated af ter
dewatering. Hydrocyclone un der flow is pro cessed by at tri tion scrub bing
and then by flo ta tion. Con tam i nated flo ta tion sludge is sep a rated in over -
flow, and the un der flow is dis posed, af ter dewatering, as clean sand.
Hydrocyclone and flo ta tion over flows are treated with lime, sealed in bar -
rels and dis posed as spe cial waste. Cleaned sand and gravel (screen over -
size and flo ta tion over flow) are re turned to the orig i nal site. Wa ter col -
lected in dewatering pro cess is, af ter fines re moval, re turned to the pro -
cess. To tal mass of clean prod ucts in pre sented soil wash ing pro cess were: 
7900 t (56% of in put ma te rial) of ma te rial with grain size larger than 2
mm and 5400 t (38% of in put ma te rial) of ma te rial with grain size from
0.064 mm to 2 mm. The mass of con tam i nated prod uct (par ti cle size
smaller than 0.064 mm) was 900 t, i.e. 6% of in put ma te rial. At the end of 
the wash ing pro cess, 85% of con tam i nant is sep a rated into 6% of to tal
ma te rial mass. In ad di tion, dur ing pro cess wa ter treat ment a part of con -
tam i nant is neu tral ized, there fore the amount of sep a rated con tam i nant
was 95% of to tal con tam i na tion. Soil wash ing plant ca pac ity was 10 t/h.

Fig ure 5. shows the Deconterra pro cess de vel oped by Lur gi Com pany and 
used for wash ing soils con tam i nated with oil and oil de riv a tives (Hankel
et al, 1992; Schnei der, 1992).
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Ma te rial is screened on a vi brat ing griz zly with 100 mm open ings. Griz -
zly over size is comminuted in im pact crusher, and un der size is washed
to gether with comminuted ma te rial in at tri tion drum. In at tri tion drum,
ma te rial is deagglomerated and ad her ing con tam i nant is par tially
scrubbed from par ti cle sur face. Af ter that, ma te rial is clas si fied on dou -
ble-deck vi brat ing screen with mesh sizes of 20 mm and 1 mm. Grain size 
class +20mm is ad di tion ally comminuted in a crusher, size class 20/1 mm 
con cen trated in a jig, and size class –1 mm clas si fied in spi ral clas si fier.
Clas si fier over flow is clas si fied in up ward-cur rent clas si fier. Up ward-cur -
rent clas si fier un der flow to gether with sand from spi ral clas si fier is ad di -
tion ally washed in at tri tion drum. Drum out put ma te rial is in tro duced to 
the flo ta tion cell. Af ter dewatering, flo ta tion un der flow is dis posed as a
clean prod uct. Flo ta tion and clas si fier over flows are dewatered and fur -
ther treated. Heavy frac tion sep a rated in the jig is dis posed as a clean
prod uct, and the light frac tion is fur ther pro cessed. The wa ter sep a rated
dur ing dewatering is re turned to the pro cess. In the shown pro cess,
 hydrocarbons con cen tra tion of 400-4000 mg/kg can be re duced to less
than 50 mg/kg. More than 96% of the to tal con tam i nant is con cen trated
in the flo ta tion and up ward-cur rent clas si fier over flow and in the jig light 
frac tion. Heavy metal con tent are also par tially re moved dur ing soil
wash ing.

5. Re search work

In re cent years, a num ber of ex per i ments, which re sults can be di rectly
ap plied in study ing and de sign ing the soil wash ing pro cesses, have been
con ducted in the Lab o ra tory for Min eral Pro cess ing and En vi ron men tal
Pro tec tion of the Fac ulty of Min ing, Ge ol ogy and Pe tro leum En gi neer ing, 
Uni ver sity of Zagreb, as part of pro jects fi nanced by the Min is try of Sci -
ence, Ed u ca tion and Sport of the Re pub lic of Croatia.

In the field of grav ity con cen tra tion, the sep a ra tion of coal par ti cles from
sand sam ples ex tracted from the Sava River was tested. Coal con tent in
in put sam ples ranged from 1% to 6%. Sam ples of grain size class 4/1 mm
were treated in a jig, and sam ples of grain size class 4/0.5 mm on a shak -
ing ta ble and Humphreys spi ral. The re sults of per formed tests showed
re duc tion of coal con tent in sand down to be tween 0.03% and 1.37% with
re cov ery of 70-80% af ter con cen tra tion in a jig, be tween 0.06 and 1.05%
with re cov ery of 84-95% af ter con cen tra tion on a shak ing ta ble and

An nual 2009 of the Cro atian Acad emy of En gi neer ing 173



 between 0.16 and 1.25% with re cov ery of 95-98% af ter con cen tra tion in
the spi ral.

Hard coal floatability was tested in flo ta tion col umn. Flo ta tion of coal
sam ples with 27-30% ash con tent, re sulted in a con cen trate with 8.9-9.5% 
ash con tent and 63.6-64.8% re cov ery. Un der flow ash con tent was
53.9-61.4%.

At tri tion scrub bing of sil ica sand (sol ids con cen tra tion in the sus pen sion:
77%, im pel ler speed: 560 min-1, at tri tion time: 20 min) re sulted in the re -
duc tion of Fe2O3 con tent by 23% and Al2O3 con tent by 34%, while the
con tent of SiO2 was in creased by 2,44%.

6. Con clu sion

Over view of the achieved re sults in soil wash ing tech nol ogy im plies the
need for fur ther sys tem atic fun da men tal re search. Spe cial at ten tion
should be paid to the in ves ti ga tion of lib er a tion mech a nism and con -
taminant re dis tri bu tion de pend ing on the type of inter growth be tween
con tam i nant and soil par ti cles, as well as to the type and amount of
 energy needed for op ti mal lib er a tion. Fur ther re search of phys i cal
 separation pro cesses should lead to find ing more ef fi cient flo ta tion re -
agents and highly ad sorp tive min er als and organics for each type of con -
tam i nant.

The field of soil remediation is fast de vel op ing. The tech nol o gies are very
ex pen sive and in creas ingly de mand ing, there fore there is a risk that
achieved re sults would not al ways jus tify the pro cess costs. Each case
should be thor oughly re searched and an a lyzed in or der to en able the
choice of op ti mal tech nol ogy, re li able eval u a tion cri te ria and con trol of
the whole sys tem based on sci en tific re search.
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4D Data Com pres sion Meth ods
for Mod el ling Vir tual Med i cal Re al ity

Ab stract

Vir tual re al ity is based on se quences of vol u met ric im ages whose mo tion
is cap tured in time. Tem po ral 3D vi su al iza tions of var i ous an a tom i cal
parts have been used for ed u ca tion of med i cal stu dents. Var i ous or gan
mod els have been de vel oped us ing this data. These data sets are typ i cally
very large in size and de mand a great amount of re sources for stor age
and trans mis sion. There fore it is nec es sary to com press such data both
fast and ef fi ciently. Also, med i cal datasets usu ally con tain a re gion rep re -
sent ing the part of the body un der in ves ti ga tion, and noisy back ground
with no di ag nos tic in ter est. There fore, it is im por tant to iden tify con -
tained sub-vol umes as dif fer ent re gions of in ter est. In this pa per we pro -
pose com bi na tion of lossless and lossy com pres sion mod els to ob tain toset 



de mands. Cod ing of 4D data mod els should be both fast and ef fi cient. In
this pa per is shown that with de fin ing the re gions of in ter est there can be 
achieved higher com pres sion rates. There fore we pro posed lossless cod ing 
of ar eas of high in ter est and lossy cod ing ar eas of small in ter est.

Keywords: vir tual re al ity, ac tive model, re gion of in ter est, 4D data com -
pres sion.

1. In tro duc tion

Dis cov ery, val i da tion and stor age of use ful in for ma tion in a vast amount
of avail able data pres ent an ever-grow ing prob lem in to day’s world. In
cer tain ap pli ca tions mem ory and com mu ni ca tion chan nel ca pac ity con -
straints ne ces si tate us age of var i ous com pres sion tech niques, es pe cially
con cern ing ap pli ca tions re ly ing on high-vol ume mul ti di men sional data.
Ef fi cient com pres sion of such data can be achieved with com bi na tion of
dif fer ent tech niques and meth ods, as well as em ploy ing re lated com par i -
son mod els. Dur ing the last sev eral de cades im age com pres sion field has
at tracted a lot of at ten tion and reached the level of ma tu rity, ca pa ble of
de liv er ing us able prod ucts to day widely pres ent in ev ery day life; both in a 
form of time-vari able im ages (video com pres sion) and static 3D mod els.
But the com bi na tion of the two men tioned forms, com pres sion of
time-vary ing 3D mod els – 4D com pres sion, still pres ents an open and ex -
cit ing area of re search. Mo ti va tion for such re search stems from cur rent
sig nif i cant prob lems in pro cess ing and stor age of med i cal im ages as well
as in dif fer ent ap pli ca tions of vir tual re al ity (Loncaric, 2005). The rest of
pa per is or ga nized as fol lows. Ac tive and ap pear ance mod els are de -
scribed in Chap ter 2, shape de scrip tion and trans for ma tion are de noted
in Chap ter 2.1, deal ing with re gions of in ter est in Chap ter 2.2. Chap ter 3
re ports on ap pli ca tions of com pres sion meth ods for data stor age and pre -
sen ta tion, while Chap ter 4 is fo cused on de scrib ing of vir tual med i cal re -
al ity. Fields of use are given in Chap ter 5 and fi nal re marks in Chap ter 6.

2. De sign of Ac tive Mod els

Vir tual re al ity is based on rep re sen ta tion of sub se quent changes of ob ject 
po si tions in space and time. How ever, data sets used to rep re sent such
changes pose very large stor age and pro cess ing power re quire ments on
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used sys tems. To al le vi ate those re source re quire ments, it is nec es sary to
em ploy data com pres sion tech niques on such data sets, fo cus ing on two
key re quire ments for com pres sion and de com pres sion: ef fi ciency and
speed (Ibarria et al, 2003). In or der to achieve max i mal per for mance, dif -
fer ent com pres sion al go rithms can be de vel oped for spe cific re gions of in -
ter est, uti liz ing area-spe cific fea tures.

A typ i cal com pres sion method con sists of three main com po nents: trans -
for ma tion, area quantization and cod ing. Tar geted in put data set is
trans formed into a more ap pro pri ate space, re veal ing ex ist ing cor re la -
tions among data in the set.

High-level in for ma tion (high in ter est ar eas) and low-level in for ma tion
(back ground) is used to model the best-fit el lip soids for each im age part.
The best-fit el lip soid al go rithm is based on the or thogo nal el lip ses
(high-level in for ma tion), their at trib utes (low-level in for ma tion), and the
best-fit el lip soid af ter the it er a tive ap prox i ma tion. For three per pen dic u -
lar sur faces, namely surf1, surf2 and surf3, the di ag o nal com po nents l
and the off-di ag o nal com po nents g are cal cu lated for the 2x2 ma tri ces rep re sent ing
the sec tional el lip ses ac cord ing to Fig ure 1 (Zagar et al, 2007):
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Prior to def i ni tion of com pres sion al go rithms and rep re sen ta tion meth -
ods in such a pro cess it is nec es sary to de fine what is im plied un der the
term of a par tic u lar shape, how we can ac cu rately rep re sent par tic u lar
ob ject and which ob ject fea tures are sig nif i cant in de ter min ing its rep re -
sen ta tion.

The ap pear ance mod els en com pass both shape and tex ture which are
coded in a sin gle vec tor. The means of find ing cor re la tion be tween the
two is eigen-anal y sis of the covariance ma trix where prin ci pal com po nent 
anal y sis gives en cour ag ing re sults and can re duce the dimensionality of
the data con sid er ably well while still ac count ing for much of the vari a tion 
(Fowlert et al, 1994). There is a sig nif i cant dis pro por tion be tween the
space re quired and the loss that anal y sis im poses. In med i cal ap pli ca -
tions, low er ror rates are usu ally re quired and the pres ence of ab nor mal -
ity is dif fi cult to spot. On the con trary, if real-time ob ject trac ing in a
video se quence is re quired, sub se quent framed can com pen sate for in cor -
rect lo ca tion and ef fi ciency is at a pre mium.
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2.1. Shape De scrip tion

One of the meth ods of shape de scrip tion is the def i ni tion of ref er ence co -
or di nates on each mod elled ob ject, char ac ter iz ing spe cific fea tures of
mod elled ob ject. Ref er ence co or di nates can be clas si fied ac cord ing to spe -
cif ics be ing de scribed by them. An a tomic ref er ence co or di nates are as -
signed by ex perts and rep re sent a spe cific med i cally sig nif i cant fea ture
de fined at the level of body or gan, in de pend ently of its geo met ri cal fea -
tures (Anagnostou et al, 2001). In or der to em ploy such a mod el ling ap -
proach, it is also nec es sary to de fine math e mat i cal ref er ence co or di nates
as so ci ated to cer tain math e mat i cal or geo met ri cal fea ture spe cific to
shape of mod elled ob ject.

Math e mat i cal rep re sen ta tion of a cer tain shape us ing n ref er ence co or di -
nates in a k-di men sional shape has a form of a n n*  ma trix:
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Vir tual re al ity rep re sen ta tion used in med i cal ap pli ca tions most of ten
em ploys pseudo-ref er ence co or di nates as a com bi na tion of math e mat i cal
and an a tom i cal ref er ence co or di nates, mod el ing in ter nal char ac ter is tic
fea tures of a cer tain ob ject, re sid ing on ob ject’s very bound ary.

In or der to iden tify shapes ac cord ing to their def i ni tion and com pare
them, it is nec es sary to trans form scale, ro ta tion and lo ca tion. This is ac -
com plished by in tro duc ing a ref er ence co or di nate sys tem within which
the ro ta tion, scale and lo ca tion of each ob ject are de fined and all shapes
are aligned. Men tioned pro cess is known as Procruster anal y sis (de Rooij
and Vitanyi, 2006).

Shape space is a set of all pos si ble shapes of an ob ject. For mally,

shape space 
k

n

å is an or bit of all shapes rep re sented by a set of n equal

pseudo-ref er ence co or di nates on which all pos si ble Eu clid ean trans for ma -
tions have been pre formed. Di men sions of such a space are in a form of
subspace with k n*  di men sions. The pro cess of dimensionality re duc tion
in cludes re moval of trans la tions (k di men sions), scal ing (1 di men sion)
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and ro ta tion (
1

2
1k k( )-  di men sions), re sult ing with a new M di men sional

space, where:
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Align ment is per formed in a four dis tinct steps: a cen troid of each ob ject
is cal cu lated, cen troid lo ca tion is placed into a ref er ence co or di nate sys -
tem, ro ta tion scal ing and, fi nally, ro ta tion fil ter ing are per formed. Fol low -
ing the align ment pro cess, dif fer ent pre dic tion meth ods can be ap plied in
or der to achieve better com pres sion rates. How ever, ex ist ing com pres sion 
meth ods based on var i ous pre dic tion mod els are char ac ter ized with low
com plex ity and un ac cept able com pres sion rates (Sanchez et al, 2006).

In or der to achieve higher com pres sion rates it is nec es sary to de velop
new pre dic tion meth ods that will al low mod el ing of mul ti me dia data on a
higher level, with the aim of im proved de tec tion of typ i cal re dun dant
struc tures such as cor re la tions of neigh bor ing el e ments, edge de tec tion,
pat tern de tec tion and pat tern fea ture de tec tion. DCT and Wave let based
meth ods have proven as very ef fi cient in com pact rep re sen ta tion of im age 
and video data us ing lossy com pres sion meth ods. The sec ond im por tant
el e ment, as so ci ated with de ter min ing the re gion of in ter est, is prob a bil ity 
mod el ing with the aim of more ef fec tive data en tropy cod ing (Fowlert and 
Yagel, 1994).

2.2. De fin ing the Re gion of In ter est

De ter min ing the re gion of in ter est is not an un am big u ous pro cess. For
ex am ple, the re gion of in ter est in model of head im ages is brain with the
rest of the im age con tent treated as back ground. If head mod els are avail -
able to both coder and de coder, only pa ram e ters de scrib ing po ten tial de vi -
a tions from the stan dard model can be com mu ni cated. In cod ing of 3D
ob jects the pri mary cod ing unit is voxel, an anal ogy of pixel in 2D im ages, 
a ba sic space unit de scribed with a set of as so ci ated fea tures (for ex am -
ple, col our). By in creas ing voxel size it is pos si ble to in crease al go rithm
com pres sion rates. As so ci at ing re gions of in ter est with voxels, de fin ing
the ob ject, is de picted in Fig ure 2.

Med i cal im ages tra di tion ally con sist of in spected re gions of in ter est that
are given high pri or ity in pro cess ing and cod ing, and low pri or ity
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 background re gions. As a con se quence, those re gions can be coded sep a -
rately us ing dif fer ent com pres sion al go rithms and al low ing higher er ror
rates (thus achiev ing higher com pres sion rates) for back ground re gions
(Knezovic et al, 2006). Time re quired for cod ing pro cess de pends on a
con text. Ba si cally, for com pres sion of high in ter est re gions more time is
needed. In this way com pres sion re gions are di vided into two dis joint re -
gions coded sep a rately and later joined into a sin gle rep re sen ta tion.

3. Ap pli ca tion of Com pres sion Meth ods for Data Stor age
 and Pre sen ta tion

4D data used to de scribe vir tual re al ity de fine struc tural and pro cess
changes in time and can be re garded as a se quence if 3D ob jects. To re -
duce the amount of data it is nec es sary to em ploy some com pres sion
method. Gen er ally there are var i ous com pres sion meth ods all of them
fall ing into two main classes of lossy and lossless meth ods. Lossy al go -
rithms achieve higher com pres sion ra tios than lossless ones, but due to
po ten tially crit i cal in for ma tion loss can be ap plied only to re gions of
lower in ter est. With the in tro duc tion of user con trolled cod ing er ror and
rep re sen ta tion deg ra da tion, sig nif i cant im prove ments of al go rithm prop -
er ties can be achieved, to gether with low er ing of mem ory re quire ments
for data stor age. In most vol u met ric data sets used in vir tual re al ity
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Fig ure 2. De fin ing the re gion of in ter est



 representation in med i cine and other ar eas, lossy com pres sion meth ods
are not ac cept able. In those cases us age of lossless meth ods is man da tory.

Lossless com pres sion is used in cases where orig i nal and de coded data
must be iden ti cal. Those meth ods guar an tee re li abil ity in cod ing of high
in ter est re gions thus can be ap plied to im por tant ar eas of time vari able
3D data (Hamarneh et al, 2005). Lossless com pres sion meth ods are usu -
ally con sisted of two in de pend ent com po nents – mod el ling and cod ing.
3D motion es ti ma tion is ap plied as a first step, ef fi ciently elim i nat ing re -
dun dan cies pres ent among sub se quent com pres sion steps thus de creas -
ing in her ent mod el ling er ror. Dif fer ent cod ing tech niques can be ap plied
to re sult ing mod els, one of the most sig nif i cant be ing entropic cod ing.

3.1. Ac cel er a tion and Ef fi ciency In crease of Com pres sion Meth ods

In ac cel er a tion and ef fi ciency in crease of com pres sion meth ods it is pos si -
ble to use the fact that the vari a tion in sub-vol ume data in close time mo -
ments is rel a tively small com pared to vari a tion con sid ered for the ob ject
as a whole. Con se quently it is pos si ble, for each vol u met ric data, to con -
struct an op ti mal lin ear pre dic tor with the small est er ror as a re sult of
solv ing a sys tem of lin ear equa tions based on covariance val ues of re lated 
3D ob jects. Op ti mal lin ear pre dic tor is used to cal cu late dif fer ences
among data frames, which are then coded. Since 4D data de scribe dy -
namic changes of 3D ob jects in time, higher time di men sion re dun dancy
is pres ent than in static 3D ob jects (Zagar et al, 2007). 3D cod ing meth -
ods only try to dis cover re dun dan cies within 3 di men sions, but if the
max i mal com pres sion ra tio is to be found, 4 di men sional search is a ne -
ces sity. In pro cess ing of data de scrib ing dy namic 3D ob jects it is nec es -
sary to en close both trans for ma tion and cod ing, re spect ing all the re -
quire ments re lated to trans for ma tion, pre dic tion and cod ing.

In the pro posed sys tem, the ob ject of in ter est and the back ground are en -
coded in de pend ently. Each gen er ates a self-con tained seg ment of the bit
stream. This im plies that the bor der in for ma tion is en coded twice: as side 
in for ma tion for both the ob ject and the back ground. In this way, each of
them can be ac cessed and re con structed, avoid ing artefacts along the con -
tours for any quantization of the de coded co ef fi cients. The en cod ing time
de pends on the con text, and in creases with the size of the neigh bour -
hood. Ef fi ciency can thus be im proved by choos ing spa tial con di tion ing
terms of small sup port.
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Ba si cally, the sub band co ef fi cients within the area of in ter est mask are
shifted up (or, equiv a lently, those out side this area are shifted down) so
that the min i mum value in the area of high in ter est is greater than the
max i mum value in the back ground (Hamarneh et al, 2005). This splits
the bit planes re spec tively used for the area of in ter est and the back -
ground in two dis joint sets. The rate al lo ca tion pro ce dure as signs to each
layer of each code block (in the dif fer ent sub bands) a cod ing pri or ity
which de pends on both the se man tics and the gain in terms of rate/dis -
tor tion ra tio. This es tab lishes the rel a tive or der of en cod ing of the high
in ter est area sub band co ef fi cients with re spect to the back ground.

4. De scrib ing Vir tual Med i cal Re al ity

Sig nif i cant ap pli ance of 4D com pres sion is in med i cal ap pli ca tions and
there fore it is very im por tant to model scenes in ap pro pri ate way. Vi su al -
iza tion of med i cal data is con tented form dif fer ent sets of data merged
into one model which can be in ter ac tively in quired. Pro cessed data sets
rep re sent mod els that are cal cu lated by re mov ing trans for ma tions and
scal ing in ref er ence co or di nate sys tem. Mod el ling of 3D scenes is
achieved with vi su al iza tion tree (ex am ple shown on Fig ure 3.) which is
con sisted from trans for ma tion, vol ume and model nodes. Each node has
its own fea tures that spec ify data con tained within that node. To de scribe 
3D scenes which are com posed from dif fer ent types of med i cal data we
use MRML (Med i cal Re al ity Mod el ling Lan guage).
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Fig ure 3. Hi er ar chi cal struc ture in MRML



Mod els of ob jects writ ten in MRML are ex pound on hi er ar chi cal way and
are de scribed with hi er ar chi cal par a digms. Trans for ma tions re lated with
spe cific node are com pounded in one com plex root node (Lemay et al,
1996). Ex am ple of hi er ar chi cal tree is shown on fig ure 2. Struc ture of this
ex am ple de scribes meth ods of mak ing 3D model of knee for which is as -
sumed frac ture of some cruci ate lig a ment or me dial me nis cus. There fore is 
used mag netic res o nance for mak ing vol u met ric model, for ex am ple
MR-anteriror-cruci ate-lig a ment, which is com pounded with other vol u met -
ric data (in this ex am ple with MR-pos te rior-cruci ate-lig a ment) in trans for -
ma tion called cruci ate-lig a ment-frac ture, which is then com pounded with
re lated model (model node cruci ate-lig a ment) and trans formed to gether
with me dial-me nis cus-frac ture trans for ma tion node to com pare with
model of knee. This break down is needed be cause it is di ag nosed some
frac ture and we want to know as much de tails as it is pos si ble. Same pro -
ce dure is done to ex am ine me dial me nis cus. This struc ture pro vides fi nal
re sult for 3D vi su al iza tion used in op er a tion. Seg men ta tion of ob jects and
mod els pro vided by MRML can be adopted also on com pres sion meth ods to 
achieve higher com pres sion rate. De fin ing re gions of in ter est is much eas -
ier when cer tain mod els and af fil i ated seg ments can be pro vided.

5. Fields of Use

Cre at ing of vir tual med i cal re al ity is very im por tant part of telemedicine.
In im ple men ta tion of telemedicine sys tem, mak ing the ap pro pri ate mod -
els, their cod ing and trans mis sion to cen tre where ex pert knowl edge is lo -
cated are cru cial for im prov ing qual ity of ser vice. It in cor po rates three
op er a tions for man ag ing data sets, cre at ing mod els and an a lyz ing re sults: 
data man age ment, model fit ting and ex pert anal y sis. In each step com -
pres sion al go rithms en able faster com mu ni ca tion be tween op er a tions
and en able more ef fi cient us age of the stor age de vices. Ex am ples come
from clin i cal and pre clin i cal tri als where bio med i cal data dis play sub ject
and re sid ual un known vari a tions (Stegmann, 2010).

Het er o ge ne ity of plat forms, prob lems, in ter faces causes dif fi cul ties in vi su -
al iza tion of data and mod els but cod ing with com pres sion al go rithms is
same on each plat form and the most im por tant thing, which is de cod ing to 
orig i nal (or pseudo-orig i nal im age for back grounds), is also plat form in de -
pend ent. 4D mod el ling can be used in var i ous health sys tems, anal y sis of
mu ta tions in can cer, pre dic tion of pro tein struc ture, gene ex pres sion, mea -
sur ing biodiversity and bioinformatics and com pu ta tional bi ol ogy.
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6. Con clu sion and Re sults

Re al iza tion of 4D mod els in vir tual med i cal re al ity is based on com bi na -
tion of few tech nol o gies. First of all, high band width com mu ni ca tion
chan nels, fol lowed by mighty pro ces sors for pro cess ing ex pert knowl edge
needed for mod el ling of ac tive mod els and de scrib ing it with ap pro pri ate
com puter lan guages. Very im por tant steps are also de com po si tion on hi -
er ar chi cal struc ture and ap pli ance of dif fer ent cod ing al go rithms on dif -
fer ent re gions o in ter est.

Cod ing of 4D bio-mod els should be both fast and ef fi cient. There fore we
pro posed lossless cod ing of re gions of high in ter est and lossy cod ing re -
gions of low in ter est (back ground). The in ter est-based pro cess ing en ables 
a pseudo-lossless re gime where the ob ject of in ter est can be en coded/de -
coded with out loss, and com bined with the back ground that can be rep re -
sented at a lower qual ity. Re sults of ap plied meth ods are shown on ex per -
i men tal neuro-dataset. Fig ure 4a rep re sents orig i nal dataset (size of
209 kB), and Fig ure 4b same dataset coded with lossy JPEG com pres sion
(size of 24 kB) with com pres sion ra tio 1 : 8,7 and a mea sure of qual ity of
re con struc tion of lossy com pres sion PSNR = 32,4 dB.

Since there are vis i ble dis tor tions on the right part (Fig ure 4b), we pro -
pose us ing of ac tive mod els from vir tual re al ity, dif fer ent com pres sion al -
go rithms for cod ing in ter est of high re gions and dif fer ent com pres sion al -
go rithms for cod ing re gions of small in ter est. Re sults are shown on Fig -
ure 5b com pared with orig i nal dataset on Fig ure 5a. There are no vis i ble
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Fig ure 4. a) Orig i nal dataset and b) Orig i nal dataset coded with JPEG



dis tor tions and size of com pressed im age is 38 kB and com pres sion ra tio
1 : 5,5 and PSNR = 41,7 dB.

With cod ing dif fer ent sub-vol umes sep a rate, us age of dif fer ent meth ods
of com pres sion and in creas ing of com pres sion rate for re gions of small in -
ter est, it is pos si ble to achieve better com pres sion ef fi ciency and sav ings
in stor age and trans mis sion sys tems. With this method, re gions of high
in ter est re tain qual ity vi su al iza tion, and back ground can be coded with
higher com pres sion rate. Field of 4D com pres sion will be in the fu ture,
one of very in ter est ing fields with wide us age in all sort of dif fer ent ap pli -
ca tions, be gin ning with med i cal ap pli ca tions.
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De vel op ment of Elec tric Au to mo bile in Croatia

Ab stract

Based on the ac cu mu lated ex pe ri ence in the de vel op ment and pro duc tion
of elec tric ma chines achiev ing suc cess ful ex port in tar get ing for eign mar -
kets, the pro ducer has reached a de ci sion that truly own-de vel oped
high-tech tech nol ogy based on in no va tions is to be fur ther uti lized for a
com mer cial pro gram of pas sen ger au to mo biles. A pro to type of an ur ban
elec tric ve hi cle has been made and high per for mance and ve hi cle func -
tion al ity have been tested. This stage be ing com pleted, the com pany’s in -
tel lec tual cap i tal has been synergised into a new prod uct. The de vel op -
ment of an elec tric city car is a step to wards fu ture ar chi tec ture of mod -
ern ur ban trans por ta tion. It is a mono-space car with two doors, three
seats, de signed for ur ban trans port fea tur ing easy ve hi cle en trance and
exit as well as park ing. The true es sence of this green ur ban ve hi cle is to
sim plify and en hance the mo bil ity of driv ers in ur ban con di tions as well
as to en sure ac tive and pas sive ve hi cle safety.

In the up com ing de cade, elec tric au to mo biles are go ing to con trib ute to
the qual ity of liv ing and ur ban trans por ta tion. The en ergy de vel op ment
strat egy of the Re pub lic of Croatia has in view to sup port pro jects of
green trans por ta tion as well as the pur chase of more en ergy-ef fi cient



 vehicles. The pur pose of this pa per is to pres ent a home-based pro ject of
an elec tric au to mo bile in its full orig i nal ity. The de vel op ment fo cus is set
on an own and orig i nal ve hi cle de sign and its at trac tive ness pro vid ing
“en vi ron men tal ad van tage” on the global mar ket. The man age ment of
the most com plex sys tems of ve hi cle con trol and the en tire prod uct pro -
vides de vel op ment and pro duc tion of a new gen er a tion of trans port
means in the Re pub lic of Croatia.

Key words: elec tric au to mo bile, ur ban three-seat er, ve hi cle de vel op -
ment, XD-Con cept

1. In tro duc tion

The pur pose of this pa per is to pres ent do mes tic de vel op ment of the elec -
tric ve hi cle in its orig i nal ity. The de vel op ment of the elec tric au to mo bile
was founded on own de sign and its attactiveness that pro vides “en vi ron -
men tal ad van tage” on the mar ket. It is a mono-space with two doors, de -
signed for the trans por ta tion of three or four pas sen gers fea tur ing easy
en try and exit from ve hi cles as well as park ing.

Re quire ments for the de vel op ment of Cro atian elec tric au to mo biles:

– orig i nal func tion al ity,

– de mand and fash ion trends,

– green so lu tions,

– mas ter ing in de vel op ment tech nol ogy,

– the com pany’s com pet i tive po si tion,

– eco nomic in di ca tors,

– global mar ket.

In the next de cade, elec tric cars will con trib ute to the qual ity of liv ing
and city trans por ta tion, and will greatly af fect the re duc tion of fos sil fuel
con sump tion. This is sug gested by the re cent stud ies of ur ban trans port
de vel op ment . Based on ex pe ri ence in de vel op ing re mote-con trolled elec -
tric ma chines which are suc cess ful re gard ing ex ports to for eign mar kets,
the man u fac turer /DOK-ING Zagreb/ has reached a de ci sion that the
self-de vel oped high-tech tech nol ogy based on in no va tion is to be uti lized
for com mer cial ap pli ca tion of pas sen ger cars, mo tor cy cles and quads. The 
pri mary pro ject to be de fined was the XD-city elec tric car con cept. Thus
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the in tel lec tual cap i tal is trans formed into a new do mes tic orig i nal prod -
uct.

The the sis of us ing ob so lete pro jects that con vert clas sic ve hi cles into
elec tric ve hi cles was re jected here. Only new cre ations can bring new
high qual ity value rather than the mod ern iza tion of clas sic cars with
their powertrains thrown out and then mount ing the elec tric drives in -
stead. It is not in the com pany’s in ter est to copy and as sem ble (the trap
of the know-how trans fer), but to cre ate a prod uct with added value. Any
other method of de vel op ing elec tric cars is an in fe rior one. The ul ti mate
goal of de vel op ment is to con trol the en tire prod uct, start ing from the de -
vel op ment and end ing in pro duc tion and dis tri bu tion pro vid ing a de vel -
op men tal per spec tive. There fore, from its out set, the elec tric au to mo bile
has been de signed for the global mar ket.

The new prod uct de vel op ment pro cess con sists of six phases: cre ation of
ideas, prod uct se lec tion, prod uct de sign, prototyping, test ing (anal y sis)
and the fi nal prod uct de sign pro file. For the pro duc tion of elec tric cars in
the Re pub lic of Croatia, sig nif i cant are the ex ist ing re sources and ex pe ri -
ence. Re sources of the pro ducer DOK-ING in clude body de sign tech nol -
ogy, mak ing the chas sis, in tel li gent drive man age ment, ve hi cle sys tem in -
te gra tion, poly gon test ing, fi nal iza tion and lo gis ti cal sup port. This in te -
grates the in di vid ual re sources of part ners and ma jor R&D in sti tu tions
from the Re pub lic of Cro atian as well as one part of the as sem blies im -
ported due to eco nom i cally un jus ti fied self-de vel op ment (bat ter ies, ABS,
servo steer ing wheel, wheels). The new prod uct fea tures the most
 complex and most ex pen sive part of ve hi cle de vel op ment, and thus also
the pro duc tion man age ment. Based on the as sess ment of elec tric car

An nual 2009 of the Cro atian Acad emy of En gi neer ing 193

Figure 1. XD-Con cept, Pro to type



 development and lo gis tics in fra struc ture in sur ance, a clear need for do -
mes tic sub sti tu tion of ve hi cles has been de ter mined. Un less this is to be
op por tunely rec og nized in the fol low ing 10-20 years we will see a sup ply
of elec tric cars from im port, and one can es ti mate a mul ti ple cost / price
of such an ac qui si tion, which, in that case, shall not in clude the do mes tic
pro duc tion share, the eco nomic profit to gether with the tech no log i cal
prog ress. These are clear in di ca tors of the ne ces sity to de fine a strat egy
for the de vel op ment of elec tric au to mo biles in Croatia.

2. Chal lenges

In the re cent pe riod, a num ber of stud ies have been in ves ti gat ing the
mat ter and de duc ing that the time had not come yet for the hy brid ve hi -
cles nor the elec tric ones. These were all backed up with high costs of
bat ter ies to gether with lo gis tic in fra struc ture, which will keep the elec -
tric ve hi cles marginalized for a lon ger pe riod of time. How ever, new rel e -
vant stud ies af fir ma tively in di cate the fu ture of green hy brid and elec tric 
ve hi cles. These ve hi cles are go ing to pen e trate the mar ket quickly so they 
will make up 35% of all cars pro duced in the year 2025 – 25% of hy brid
and 10% of pure elec tric ve hi cles. Ma jor changes in the de vel op ment of
elec tric ve hi cles have been an nounced based on a set of rel e vant re search
cri te ria. Most of the cor po ra tions have ready-made so lu tions for elec tric
ve hi cles, yet there is no mass pro duc tion, mostly due to the lack of lo gis ti -
cal in fra struc ture. There fore hy brid ve hi cles pen e trate the mar ket more
quickly, be cause of they have no lim its in range, by mere tran si tion to
gas o line or die sel en gines when the bat tery has been fully dis charged.
Par al lel with hy brid ve hi cles, a pro gres sive growth of pure elec tric ve hi cle 
(EV) is bound to fol low.

Ad vances in hy brid and elec tric ve hi cles in the next de cade is pre sented
clearly by the fol low ing facts:

– en sur ing the au ton omy of a 250-350 km reach in pure elec tric mode;

– pure EV sports de sign Tesla Road ster has better per for mance than its
con ven tional ri vals;

– bat ter ies can pro vide a life time of at least 150,000 km;

– life cy cle costs of elec tric ve hi cles are sig nif i cantly lower;

– EVs emit no CO2, mak ing it fully en vi ron men tally friendly;

– in cen tives to pro duc ers and buy ers of EV.
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Within the com ing de cade, the man u fac tur ers will of fer hy brid cars even
with out any pric ing or lo gis ti cal ob sta cles in the way in which Jap a nese
com pa nies at one time took over the West ern mar kets 20 years ago, by of -
fer ing high qual ity ve hi cles fully equiped and free of ad di tional charge. At 
that point there will be no firm rea son for con ven tional al ter na tive to
these ve hi cles.

The es sence of an ur ban ve hi cle is to fa cil i tate and en hance peo ple’s mo -
bil ity in ur ban con di tions. The streets are be com ing less and less ser -
viceable, jammed with parked cars and a va ri ety of sur prises at ev ery
 corner, and hence deemed un safe for pe des tri ans. There fore, trans port
tech nol ogy is look ing for a new phi los o phy of ur ban driv ing, a one which
will sus tain life on the streets in a more ef fi cient and hu mane way al to -
gether. Apart from better ur ban ve hi cle mo bil ity, their ex pert sys tems
will en able peo ple to watch and com mu ni cate both in an eas ier and safer
way.

A study of Elec tric Ve hi cles 2010-2020 to gether with the re ports of the
con sult ing com pany McKinsey & Co., based on the new phi los o phy of ur -
ban liv ing and traf fic, come out with ad vice use ful to in ves tors, pro duc -
ers, com po nent sup pli ers, mar ket ing strat e gists, leg is la tors as well as
those who plan fi nan cial sup port. The study has found that large cit ies
are the pri mary ter ri tory for elec tric ve hi cles. Light elec tric ve hi cles like
Smart ED, Mitsubishi’s MiEV are able to ‘achieve great mile age’ in big
cit ies. The very first buy ers will use elec tric ve hi cles in cit ies as a sec ond
car, mostly for com mut ing pur poses. The re search ers have dis cov ered
that these first buy ers will be will ing to sup port the city’s in ad e quate
charg ing in fra struc ture in or der to be the first in the neigh bor hood driv -
ing an elec tric car.

Eu ro pean car man u fac tur ers are go ing to com pete with com pet i tive elec -
tric cars from Ja pan, China and the United States. The EU will en cour -
age the pro duc tion of elec tric ity for elec tric ve hi cles, yet not on the ex ist -
ing tech nol ogy, which, on the av er age, emits around 400 grams of car bon
di ox ide for ev ery ki lo watt-hour of elec tric ity in the EU, but rather on the
par al lel de vel op ment of an elec tric grid based on re new able re sources and 
“green” en ergy. The in cen tives for pur chas ing a new hy brid car are al -
ready in place and be ing used. Most Eu ro pean coun tries have re duced or
abol ish the tax on hy brid and elec tric ve hi cles.

Par al lel with the de vel op ment of elec tric ve hi cles, there is also the de vel -
op ment of bat tery re charg ing sta tions, de scrib ing them as cells that will
not over bur den the net work, but will rely on the en ergy of the sun (and
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pos si bly the wind). Sta tions for elec tric ve hi cles will store so lar en ergy in
bat ter ies, which in turn will be ready to be used to re charge elec tric ve hi -
cles. The in fra struc ture in cludes uti li za tion of re new able en ergy, smart
grid and sup ply of cells for dif fer ent mo bil ity sce nar ios. The de vel op ment
of new tech nol ogy will pro vide EV own ers to re store their green-ve hi cle
bat ter ies in a time frame of a few min utes, equiv a lent to that of re fu el ing 
gas o line en gines. What should be de vel oped first is a 40 kW rapid bat tery 
res to ra tion within 20 min utes (400 V, 63 A). Af ter this has been suc cess -
fully per formed, a power sys tem equal ing 300 kW, which re charges the
bat ter ies within 6 min utes, is the fi nal tar get. In ac cor dance with this,
the man u fac turer plans to par tic i pate in the grow ing in fra struc ture de -
vel op ment and stan dard iza tion of EV re charg ing points.

3. Ini tial re quire ments

At the be gin ning of the XD-pro ject, a gen eral re quire ment was set for the 
de vel op ment of small pro to types of elec tric city car in a three-seat er
model, rec og nized for its small di men sions, user-friend li ness, driv ing and
park ing agil ity in a nar row spaces.

XD-Con cept

For the de vel op ment of a pro to type elec tric three-seat er, the ini tial re -
quests have been set:

Kerb weight: 1000 kg

Di men sions: length, width, height / 2.8 m, 1.75 m, 1.6 m

Wheel base: 1.8 m

Max i mum speed: 130 km/h

Drive: rear-wheels

Bat ter ies: lith ium-iron-phos phate (LiFePo4)

En gine: elec tric AC, 80 kW power (2x40 kW, per ma nent mag nets)

Mile age reach: 250 km in elec tric and re gen er a tive mode

Turn ing and park ing maneuvres in nar row spaces

Af ter sev eral years of prep a ra tion and de vel op ment, the pro ject doc u men -
ta tion was pre pared and a pro to type ur ban three-seat er pow ered by bat -
ter ies was made, des ig nated as the XD-Con cept model. XD was con ceived
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ini tially as a ve hi cle with rear-wheel drive, fol lowed by the front-wheel
drive and fi nally an all-wheel drive. The bat ter ies, elec tric mo tors and
con trol lers are lo cated in the bat tery cage chas sis, thereby pro vid ing ve -
hi cle’s low cen ter of grav ity. The torque of each elec tro mo tor reaches 160
Nm. The ac cel er a tion of the ve hi cle amounts to around 7 sec onds to
reach 100 km/h, while the max i mum speed is lim ited to 130 km/h. Brak -
ing is achieved in two ways, us ing elec tro-regenarative brak ing and hy -
drau lic ABS brak ing sys tem. The en gines work as gen er a tors to charge
bat ter ies that pro vides ad di tional driv ing au ton omy (mile age reach) by
loos en ing the ac cel er a tor pedal.

In as much as in ur ban con di tions the above-av er age high per for mance is
not re quired for a ve hi cle, the driver can con trol the dy nam ics elec tron i -
cally by trans fer ring to the driv ing mode “Eco nomic” (suit able for city
drive), or “Sports” when the ve hi cle is avail able for max i mum per for -
mance and over tak ing other ve hi cles. For safety and re li abil ity rea sons,
the XD has built-in bat ter ies of high ca pac ity and re cent tech nol ogy: lith -
ium-iron-phos phate. They are non-in flam ma ble and are less prone to
heat ing. In ur ban drive mode with one bat tery charge the ve hi cle is able
to reach up to 250 km. Plugged into a 220 V net work and con trolled by a
safety fuse of 10 to 16 A, charg ing an empty bat tery to full ca pac ity takes
ap prox i mately 8 hours, while boost ing it from 20 or 30% up to 80% of ca -
pac ity re quires 3 to 4 hours. Charg ing the bat tery and the XD with a
source of 32A cur rent takes half as much. The bat ter ies are du ra ble and
guar an tee their ef fec tive ness for at least 150,000 ki lo me ters, along with
elec tric charg ing cost equal to around HRK 7 for 100 km – ac cord ing to
low tar iff cost of elec tric ity in Croatia. The bat ter ies are the most ex pen -
sive part of the car, whereas their es ti mated life time, with daily charg ing, 
reaches five years.

The XD de sign is dom i nated by three el e ments – sculp ture of the rounded 
body with in cor po rated bump ers and gullwing doors, its pe cu liar front
ap pear ance “with a dis cern ing eye,” and fea tur ing X-shaped warn ing
lights which are de signed to de fine the rear end. The pro to type has a fi -
ber glass body, whereas the car se ries pro duc tion line plans to fea ture only 
graph ite. An er go nomic con cept of func tion al ity, room i ness and com fort
is the ba sis of the in te rior XD de sign. Its wide doors open up al most the
length of the en tire cabin; there fore, the ac tions of en ter ing and sit ting
down on the front seat and the “rear” seats are quite sim ple. The doors
open, first side ways, and then up wards. The three seats are set in the
form of a “Y”; this ar range ment pro vid ing plenty of space to the driver as 
well as to the pas sen gers in the back. The driver is seated for ward in the
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mid dle of the cabin while the pas sen gers sit be hind the driver and side -
ways, thus pro vid ing the driver with as much legroom as pos si ble.

The driver’s seat is lo cated in the mid dle of the cabin, so when the driver
en ters or ex its it is tilted by about 25 de grees in or der to fa cil i tate the
driver’s ac tion of sit ting down. The cabin light ing is dif fuse, and both the
color and the in ten sity can be reg u lated, i.e. pro grammed as de sired. The
in stru ment panel has three clear and eas ily ac ces si ble touch screens. The 
mid dle screen in di cates in for ma tion about the ve hi cle’s ve loc ity and the
bat ter ies’ ca pac ity. The right screen pro vides the ve hi cle’s com mands, in -
clud ing a prom i nent “Start” but ton. The menu of driv ing di rec tion is lo -
cated at its edge: for ward – neu tral – re verse, to gether with the se lec tion
of the driv ing re gime – “Eco nomic” or “Sports”. On the side there is a
light switch, then the ones for open ing the win dows, wind shield wip ers
speed con trol, wind shield washer switch and the air-con di tion ing reg u la -
tor, while on the left there is an “infotainment dis play” that not only
serves to man age ra dio and other de vices, but also for view ing their con -
tent – a road map or video.

The XD pro to type was fully com puter-de vel oped with own soft ware-sup -
ported elec tric drive con trol. Hav ing pro duced the pro to type, an orig i nal
de sign of the home-made car in a three-seat er model was cre ated. Trim -
ming the pro to type and its adap tion to se rial pro duc tion re quires still a
cou ple of stages. A pro to type is not a se rial prod uct, but rather dem on -
strated knowl edge aimed at re sult ing in pro duc tion. Once be ing pro duced 
and sold to the known cus tom ers or in se rial pro duc tion, the city elec tric
au to mo bile needs to be en tirely a prod uct for do mes tic and global mar ket.
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4. XD-en gi neer ing

The pro ject man age ment is con ducted on the ba sis of si mul ta neous en gi -
neer ing whose si mul ta neous phase over lap ping in ten si fies the de vel op ment
in stead of tra di tional en gi neer ing (so-called re lays). The pro ject team de ter -
mines the ac tiv i ties of the pro ject man age ment. The Chief En gi neer de cides
on har mo niz ing the con struc tion so lu tion, its suit abil ity, re li abil ity and tech -
ni cal is sues of pro duc tion, re cy cling, law en force ment, EU di rec tives and
costs. The Chief En gi neer is re spon si ble for changes in trade-off de ci sions on 
the pro to type as a re sult of com pro mise and feed back from test ing. An im -
por tant item in en gi neer ing is the cre ativ ity of in di vid u als. The pur pose of
sys tem atic en gi neer ing de sign and ex pe ri ence is to sup port the cre ative de -
sign due to sys tem atic en gi neer ing in abil ity to re place the cre ativ ity of in di -
vid u als! The pro ject must re main chal leng ing and man age able.

XD-en gi neer ing pro vides:

– XD state of the art prod uct mak ing it of 50% in no va tion and 20% newly
de vel oped parts (mono-space body, gullwing doors, cock pit, con trol lers,
lights / electromotors and gears, ..),

– “rapid prototyping” tech nique even at an early stage of de vel op ment
brings for ward the find ings and nec es sary cor rec tions which would only 
emerge at a later date in se rial pro duc tion,

– ser vice-life cost trans par ency (bat tery re charg ing, power sta tions, spare 
parts, main te nance, spe cial tools and equip ment, ..),

– in te gra tion of cer ti fied re quire ments and guide lines of the EU.
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By pro duc ing a pro to type the se lec tion of best so lu tions for in di vid ual de -
vices is de fined as prob a bly the best. For fi nal se lec tion re gard ing the
best so lu tions, sim u la tion and multicriteria op ti mi za tion is per formed. A
car can not be de signed “part by part” be cause, for in stance, re plac ing an
elec tro mo tor re quires re con struc tion of the power trans mis sion, brake
sys tem, sus pen sion, and more. The same ap plies if one other vi tal part is
changed. A “puz zle” of all sub sys tems, that is, a com plete har mo ni za tion
of the re lated prop er ties af fect ing the ve hi cle per for mance and its other
fea tures is to be reached. When an a lyz ing mul ti ple sub sys tems a need
arises for more co or di na tion and im ple men ta tion of op ti mi za tion by us -
ing com puter sim u la tion tech niques. For ex am ple, to il lus trate the ap pli -
ca tion of a sim u la tion model in align ing the per for mances of in di vid ual
sub sys tems and sys tems, hereby a study on the in flu ence of grav ity-cen -
tre shift on the ve hi cle brake sys tem per for mance and ve hi cle sta bil ity is
pre sented (ECE Reg u la tion 13). The in te gral sys tem atic en gi neer ing ap -
proach, ex pe ri ence, in no va tive break throughs and op ti mi za tion are seen
by far as the best course of de vel op ment.

XD-pro to type ve hi cle per for mance:

– in hor i zon tal drive (0%) ve hi cle speed is greater than 130 km/h,

– climb ing up a 10% steep slope, the ve hi cle speed reaches 115 km/h,

– a ve hi cle can man age a 30% climb,

– ve hi cle ac cel er a tion is 7 s/100 km/h.
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5. En ergy De vel op ment Strat egy

The Cro atian En ergy De vel op ment Strat egy (NN 130/2009) en cour ages
in stal la tion of en ergy sys tems via tax in cen tives and/or sub si dies. The
trans por ta tion sec tor of the econ omy par tic i pates with its share in the to -
tal di rect en ergy con sumed with around 30%. Its growth rate is also ex -
tremely high (over 5% an nu ally over the past five years). Due to an
emerg ing num ber of cars, the trav elled dis tance per car and re duced
count of pas sen gers per car, the en ergy con sump tion is ex pected to rise
con stantly. There fore, the fo cus of the en ergy ef fi ciency pol i cies re gard ing 
our trans por ta tion sec tor is ex actly on road traf fic. The Cro atian Gov ern -
ment will, in ac cor dance with the En ergy de vel op ment strat egy, pass a
pack age of en ergy ef fi ciency mea sures which in clude:

• Pre scrib ing more rig or ous stan dards for new ve hi cles;

The Re pub lic of Croatia will fol low and adopt the EU adopted tech ni cal
stan dards for ve hi cles and by this en sure that only ef fec tive prod ucts en -
ter the mar ket.

• Pro mo tion of greener trans port pro jects and pro cure ment of en ergy-ef -
fi cient ve hi cles.

A range of mea sures will en cour age the use of ve hi cles that emit un der
120 g CO2/km, elec tric ve hi cles, hy brid ve hi cles – for com pa nies and in di vid -
u als, backed up through in vest ment sub si dies, grant ing free park ing spaces,
the right to use the yel low lanes (re served for pub lic trans port), etc.

The au to mo tive in dus try can be re an i mated, should the Auto klaster
Croatia get in volved, which rep re sents the in ter ests of the au to mo tive
sec tor within the HUP sys tem (Cro atian As so ci a tion of Em ploy ers). What 
is also im por tant are the first or ders of large do mes tic com pa nies as well
as the first sale sub sidy, which is gen er ally con sid ered a rec om men da tion
for ex port to the global mar ket.

6. Con clu sion

The do mes tic de vel op ment of a city elec tric car is a step to wards the fu -
ture ar chi tec ture of ur ban trans por ta tion. The es sence of this green ur -
ban ve hi cle is to fa cil i tate and im prove peo ple’s mo bil ity in densely pop u -
lated ur ban con di tions as well as to pro vide ac tive and pas sive ve hi cle
safety.
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The pro duc tion of au to mo biles based on in no va tion and do mes tic la bor
costs gives off a per spec tive of the pro duc tion wider recognizability.
Croatia needs reindustrialization through prod ucts of the new tech nol -
ogy. In this as pect, the pro duc tion of an elec tric ve hi cle as pires to de velop 
a new tech no logic gen er a tion of ve hi cles while main tain ing and fur ther
strength en ing the world’s knowl edge stan dards.

There is no doubt that, de spite the re ces sion, the elec tric car pop u lar ity
in the up com ing de cade is bound to grow. Fol low ing the en vi ron men tal
trends and de vel op ing the lat est tech no log i cal achieve ments, the
DOK-ING Com pany is en gaged in pro grams of sus tain able de vel op ment,
which en com pass the tran si tion to al ter na tive drives. Al though there is
no strat egy of de vel op ment spe cif i cally for elec tric cars, the en ergy de vel -
op ment strat egy of Croatia in its “trans por ta tion” chap ter states its
plans to pro mote greener traf fic pro jects and pro cure ment of more en -
ergy-ef fi cient ve hi cles. It has been stated also that var i ous mea sures will
be used to en cour age the use of ve hi cles such as hy brid and elec tric ones.

The XD-pro ject re quires sup port to in sure a stage for de vel op ing a lo cal ur -
ban ve hi cle, as a sup ple ment to con ven tional ve hi cle pro grams. A do mes tic 
in tel li gent tech ni cal sys tem pro vides a fu ture to the com pany and the so ci -
ety as a whole. The pro to type de vel op ment has its own logic that fits into
the over all de vel op ment of the DOK-ING brand. The de ci sions are made
based on op por tu ni ties and mak ing use of the de vel op ing cir cum stances
for pro duc tion af ter all doc u men ta tion has been pre pared, hav ing the pro -
to type test ing phase suc cess fully con cluded and, fi nally, hav ing car ried out
the cer tif i ca tion ac cord ing to EU reg u la tions and di rec tives. The com -
pany’s man age ment eval u a tion is that they can not lose on the pro ject of
an elec tric car, nei ther in the tech no logic nor in the eco nomic terms. This
means that the pro ject is not overly am bi tious, but rather re al is tic and
plannable. Since its found ing in 1992, the time when, as a small work shop, 
it be gan con quer ing new mar kets, DOK-ING has evolved into a re nowned
brand when it co mes to ex ports based on in no va tion. For its in no va tions
the com pany has re ceived the most highly-praised na tional and in ter na -
tional awards. Many years of ex pe ri ence in de vel op ing spe cial ma chines al -
lows fore cast ing a prom is ing fu ture for the se lected prod uct, XD-Con cept,
which was ex hib ited at the 80th In ter na tional Mo tor Show Geneva 2010.

When a com pany is com pet i tive and ori ented to wards the fu ture, then it is
the right time to di ver sify one’s prod ucts, in this case the time has come for
an elec tric car. It is known that a com pany is con sid ered com pet i tive should
a prod uct youn ger than 3 or 5 years earn an in come equal to 50% of the to -
tal turn over. It is im por tant for pro duc ers not to al low sell ing an out dated
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prod uct. Mar ket ing starts with a hy poth e sis: if the pub lic de sires a prod uct
such as an elec tric car it will surely suc ceed. A prod uct must meet its con -
sum ers’ needs, to re turn the in vest ment yield and cre ate new value. The en -
tre pre neurs have an idea which they hold as good busi ness op por tu nity, in -
vest in tel lec tual cap i tal to gether with bor rowed money (in vest ment), pro -
cure fixed as sets and work ing cap i tal, em ploy peo ple, or ga nize and man age
the busi ness and un der take a lot of other ac tiv i ties, all of this be ing aimed
at es tab lish ing their own en tre pre neur ial vi sion. On the other hand, how -
ever, one ought to work on the aware ness of cus tom ers and the so ci ety as a
whole, i.e. that the time has come for elec tric ve hi cles which ben e fit ur ban
life. Hence it can be con cluded that the Com pany, the leg is la tion, the green
ac tiv ist as so ci a tions and man u fac tur ers of green elec tric ve hi cles, all of them 
have more work ahead of them to be done. In line with this are the EU
guide lines on the sub si dies to uti lize au to mo bile pro cure ments.
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De tec tion of en vi ron men tal con tam i nants
by in vi tro bi o log i cal sys tems

Ab stract

Chem i cal char ac ter iza tion of pol luted wa ters and soils does not sat isfy re -
quire ments for ad e quate risk as sess ment be cause there are no data about 
en vi ron men tal mo bil ity and bioavailability of con tam i nants. It is im pos si -
ble to pre dict in which man ner will be have sta bile salts and com plexes
formed af ter con tam i nants bind ing to soil par ti cles. For these rea sons,
tox i co log i cal in ves ti ga tions on bi o log i cal test sys tems must be con ducted
as well.

In this work re sults ob tained af ter chem i cal and tox i co log i cal in ves ti ga -
tions of wastewaters from land fill and metal in dus try will be pre sented.
Also, ad van tages in the us age of in vi tro bi o log i cal test sys tems will be ex -
plained in clud ing im por tance of tox i co log i cal in ves ti ga tions.

Key words: en vi ron men tal pol lu tion, in vi tro test sys tems, ames as say,
cell cul ture



1. In tro duc tion

En vi ron men tal pol lu tion caused by mu nic i pal and in dus trial wa ters is in -
creas ing prob lem in ma jor ity of the Eu ro pean coun tries. Rapid eco nomic
de vel op ment, in creased de mands on life qual ity and raw ma te ri als ex -
trap o la tion have lead to the sig nif i cant pol lu tion by both, or ganic and in -
or ganic com plex com pounds. Ad di tional prob lem rep re sent re lease of
heavy met als, sol u ble or ganic com pounds, dyes, ni trates and phos phates,
re leased into en vi ron ment from house holds, ag ri cul tural fields and
dump ing sites (2, 4, 5).

Di rect pol lu tion ef fect can be de ter mined on biosystems of af fected area,
soil, rivers and lakes. Chem i cal char ac ter iza tion of pol luted wa ters and
soils is not ad e quate in di ca tor for pol lu tion, be cause for ma jor ity of con -
tam i nants mo bil ity and bioavailability is un known. On the other hand,
nu mer ous con tam i nants form sta bile com plex with or ganic lig ands which 
can not be de ter mined. So for the ad e quate risk as sess ment it is nec es sary 
to de ter mine the in flu ence of waste wa ters on bi o log i cal sys tem (7, 9,10).

In this work, bi o log i cal test sys tems used for risk as sess ment of pol luted
wa ters and soils are pre sented. Also, some ad van tages and dis ad van tages
of each test sys tem will be de scribed as well as pa ram e ters that can be de -
ter mined by cer tain test sys tem to ob tain re sults that can be used for ad -
e quate risk as sess ment (8, 9, 13).

2. Pa ram e ters of tox ic ity

The ma jor de ter mi nant of cer tain com pound tox ic ity is its bioavailability,
(bio)deg ra da tion and its abil ity to pen e trate through cell mem brane.
Once in the cell, it can be ac cu mu lated in bones or soft tis sues or it can
be de graded into more or less ac tive in ter me di ates. In the case of bio -
accumulation and chronic ex po sure, its con cen tra tion per ma nently raises 
dur ing life-time. In the pres ence of other com pounds, syn er gism, po ten ti -
at ing and an tag o nism among dif fer ent com pounds must be taken into ac -
count.

In the case of me tab o lism, dif fer ent in ter me di ates can be formed, with
dif fer ent af fin ity to bind to the cel lu lar macromolecules, in clud ing pro -
teins, lipids, RNA and DNA, caus ing per ma nent changes in the struc ture
and com po si tion of the cell (10, 18, 21).
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Com pounds or their me tab o lites can in ter fere with ma jor met a bolic path -
ways, caus ing more or less sig nif i cant ob sta cles in nor mal cel lu lar func tions
and sig nal ing, caus ing di rect changes in tis sue and or gan ism func tion ing (11).

3. Meth ods for de ter mi na tion of the de gree
 of the crit i cal area pol lu tion

Chem i cal com po si tion of soils, wa ters and sed i ments gives in for ma tion
about chem i cal con tam i na tion of crit i cal area, but for ad e quate risk as -
sess ment of jeop ar dized area, in for ma tion about bioavailability, pol lut ant
mo bil ity, for ma tion of sta bile com plexes with or ganic lig ands and af fin ity
to form sta bile salts are needed. In or der to de tect real in flu ence of en vi -
ron men tal pol lut ants on cer tain eco sys tem, ex cept chem i cal anal y sis of
af fected area, tox i co log i cal pro file on bi o log i cal test sys tems must be de -
ter mined (3, 4, 13).

Eco log i cal im por tance of such in ves ti ga tions re lies on in for ma tion about
di rect con se quences on eco sys tem at af fected area. Also, in ves ti ga tions can
be con ducted on sur ro gates of autochthone com mu ni ties un der lab o ra tory
con di tions. Ex per i men tal sys tems in vi tro en able de tec tion of any ef fect of
pol lut ant on cel lu lar level in clud ing ef fect on DNA mol e cule (DNA breaks,
point mu ta tions and in flu ence on cell di vi sion (10, 14, 16, 17).

4. In vi tro test sys tems

There are many ad van tages in us age of in vi tro test sys tems in in ves ti ga -
tion of en vi ron men tal pol lut ants. Sal mo nella microsome test is of ten
used ex per i men tal sys tem be cause of its sim plic ity, sim ple pro ce dure and
re li able re sults which in more than 80% point out on del e te ri ous events
on DNA mol e cule of an i mals and men. It is pos si ble to mimic an i mal (or
men) de tox i fy ing sys tem by add ing liver microsomal frac tion iso lated
from an i mals (in the most cases from rat) which was pre vi ously treated
with chem i cals that in duce de tox i fy ing en zymes of phase I (1, 10, 16).

Other thank ful test sys tem is an i mal and hu man cell cul tures iso lated
from cer tain tis sue and grown in in vi tro con di tions. It is pos si ble to de -
tect a range of ef fects caused by cer tain com pounds from cell sur vival to
free rad i cal pro duc tion, lipid dam age, cell and organelle mem brane
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changes and DNA dam age. On this type of test sys tem it can be de ter -
mined what the crit i cal path way for cytotoxic ef fect is, and what type of
cell death pre dom i nates when the cells are ex posed to le thal doses of in -
ves ti gated pol lut ant. Be cause of ge netic sim i lar i ties and iden ti cal source
from which these cells are iso lated, it is easy to re peat ex per i ments, sta -
tis ti cal anal y sis is sim ple and re sults ob tained af ter re peated ex per i ments 
are re pro duc ible and re li able (10, 14).

Maybe the most im por tant ob sta cle in this sys tem is the uni for mity of
cells and lack of dif fer ent tis sues and or gans typ i cal for multicellular or -
gan ism which give dif fer ent re sponse to same con cen tra tion of pol lut ant.
This dis ad van tage is of ten by-passed by ap pli ance of dif fer ent cell lines
iso lated from dif fer ent tis sues (17).

5. Sam ples of wa ters and test sys tems used for de tec tion
 of po ten tial geno(toxic) prop er ties

In this work, wa ters from two dif fer ent lo ca tions were in ves ti gated; two
sam ples of land fill leach ate from Rovinj land fill site (prior and af ter pu ri -
fi ca tion with ac tive car bon) and five sam ples from and around metal in -
dus try; (41- wa ter sam pled from river, 600 m up stream from fac tory’s
sink, 42-wastewater sam pled from col lec tor 1; wa ter used for high fur -
naces cool ing; 43- wastewater sam pled from col lec tor 2; used wastewater
from hot and cold steel mill; 44-wa ter sam pled from river, 50 m down -
stream from fac tory’s sink; 45-Dan ube wa ter sam pled from pump sta tion, 
used for cool ing of in dus try fa cil ity).

Phos phates, ni trates and ni trites were de ter mined by UV/Vis spectro -
photometer. The atomic ab sorp tion spec trom e ter was used for the anal y -
sis of the el e ments Na, K and Ca. Heavy met als were an a lyzed by en ergy
dispersive X-ray flu o res cence method (EDXRF).

In or der to de ter mine a genotoxic pro file of wastewaters bac te rial test
sys tem Sal mo nella typhimurium strains TA98 and TA100 were used (1,
14, 16, 17).

For de ter mi na tion of the po ten tial of ex am ined wastewaters to in duce
sin gle and dou ble DNA strand breaks, two hu man cell lines were used;
hu man la ryn geal car ci noma cell line (HEp2) and hu man cer vi cal car ci -
noma cell line (HeLa) (15, 19, 20).
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6. Re sults of the chem i cal anal y sis of the wastewaters

All pa ram e ters in the pu ri fied wa ter col lected from the land fill site were sig -
nif i cantly lower com pared to ini tial con cen tra tions and max i mum al lowed
val ues for wastewater suit able for dis charge di rectly into the en vi ron ment.

An nual 2009 of the Cro atian Acad emy of En gi neer ing 209

Ta ble 1 – Con cen tra tions of the el e ments in the land fill leach ate sam ples col lected
 at two dif fer ent lo ca tions at the land fill site prior pu ri fi ca tion

El e ment 
(mg/L)

Orig i nal wastewater
MAV

Wastewater, lo ca tion 1 (PI) Wastewater, lo ca tion 2 (PII)

To tal P 134.2 ± 1.48  227.4 ± 2.50  2

NO3-N 168 ± 2.02 134 ± 1.61 10

NO2-N 224 ± 2.91 571 ± 7.42 0.5

COD 2800 ± 67.20  4230 ± 101.52 300

BOD5  284 ± 11.64  350 ± 14.35 30

Na 1050 ± 33.60 13000 ± 416.00 –

K 1260 ± 64.26  4200 ± 214.20 –

Ca 16.59 ± 0.73   14 ± 0.62 –

Pb 0.025 ± 0.0024 0.032 ± 0.0031 0.200

Hg 0.029 ± 0.0012 0.041 ± 0.0018 –

Se 0.01  ± 0.0004 0.01  ± 0.0004 0.020

As 0.047 ± 0.0043 0.043 ± 0.0040 0.200

Zn 0.334 ± 0.0107 0.574 ± 0.0184 1.000

Cu 0.058 ± 0.0031 0.064 ± 0.0035 0.100

Ni 0.125 ± 0.0071 0.187 ± 0.0107 1.000

Co 0.031 ± 0.0007 0.031 ± 0.0007 0.500

Fe 5.197 ± 0.0572 8.096 ± 0.0891 2.000

Mn 0.632 ± 0.0398 0.604 ± 0.0381 1.000

Cr (VI) 0.04  ± 0.0024 0.07  ± 0.0043 0.050

Cr (tot) 0.189 ± 0.0117 0.197 ± 0.0122 1.000

V <0.001 <0.001 0.050

MAV – max i mum al lowed val ues for wastewater suit able for dis charge di rectly into
the en vi ron ment



Chem i cal anal y sis of the sam ples col lected around metal in dus try re -
vealed that all pa ram e ters in the wastewater that was re leased into en vi -
ron ment were sig nif i cantly lower com pared to ini tial pa ram e ters mea -
sured in the wa ter in the fa cil ity.

Ma jor ity of the wastewaters that are re leased into en vi ron ment sat isfy
law reg u la tive on limit val ues of haz ard ous sub stances in wastewater but 
the ef fect of the mix ture of com pounds can be de tected only on bi o log i cal
sys tem. Re sults ob tained by chem i cal anal y sis and bioassays en able pre -
dic tion of a real dan ger for eco sys tem if cer tain wastewater is re leased
into en vi ron ment.
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Ta ble 2 – Con cen tra tions of the el e ments be fore and af ter pu ri fi ca tion in leach ate
 sam ples col lected at two dif fer ent land fill lo ca tions

El e ment 

(mg/L)
MAV

Wastewater Pu ri fied wastewater
lo ca tion 1 (PI)) (lo ca tion 1 (PpI)

Wastewater Pu ri fied wastewater
lo ca tion 2 (PII) lo ca tion 2 (PpII)

To tal P 134.2 ± 1.48 4.5 ± 0.05 227.4 ± 2.5 7.7 ± 0.08 2

NO3-N 168 ± 2.02 16.7 ± 0.20 134 ± 1.61 16.7 ± 0.20 10

NO2-N 224 ± 2.91 56.6 ± 0.74 571 ± 7.42 37.1 ± 0.48 0.5

COD 2800 ± 22.56 940 ± 67.20 4230 ± 101.52 1050 ± 25.20 300

BOD5 284 ± 11.64 4 ± 0.16 350 ± 14.35 5 ± 0.21 30

Fe 5.197 ± 0.0572 0.014 ± 0.0002 8.096 ± 0.0891 0.017 ± 0.0002 2.000

MAV – max i mum al lowed val ues for wastewater suit able for dis charge di rectly into
the en vi ron ment



7. Bi o log i cal ef fects of the ex am ined wastewaters

The high est con cen tra tions of land fill wastewaters from both lo ca tions
caused weak mutagenic ef fect. The lower sen si tiv ity of Sal mo nella test
can be ex plained in the light of the lower extractability of met als from
soil into leachates.

On hu man cer vi cal car ci noma cell line (HeLa), del e te ri ous ef fect of land -
fill leachates and pu ri fied sam ples on DNA was ex am ined. Ox i da tive
dam age of DNA is higher dur ing the first 24 hours of in cu ba tion. Pro -
longed in cu ba tion leads to ac ti va tion of cel lu lar re pair mech a nisms, so
dam age is not high as in short-time ex per i ments. Cells that more re sis -
tant to genotoxic ef fects of wastewaters sur vived and con tin ued with
divisons.
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Ta ble 3 – Con cen tra tions of the met als in the sam ples of wastewaters col lected
 from 5 lo ca tions in metal in dus try

Pa ram e -
ters (mg/L)

Sam ples of the wastewaters from 5 lo ca tions
MAV

42 44 43 45 41

pH 7.95±0.06 8.5±0.07 8.8±0.07 8.05±0.06 8.15±0.07  

N (NO3
–) 1.793±0.02 1.677±0.02 1.781±0.02 1.617±0.02 1.296±0.02 12

N (NO2
–) 0.12±0.002 0.06±0.001 0.06±0.001 0.03±0.0001 0.02±0.0001 0.5

N (NH4
+) 11.65±0.151 0.97±0.013 0.233±0.003 0.097±0.001 0.097±0.001 0.1

Fe 0.33±0.0036 0.5±0.0055 0.33±0.0036 0.25±0.0028 0.5±0.0055 0.5

Phe nols 0.009±0.0001 0.005±0.0001 0.003±0.00001 0.003±0.00001 <0.001 0.001

Pb 0.097±0.0094 0.026±0.0025 0.017±0.0016 <0.01 <0.01 0.005

Cr (to tal) 0.006±0.0004 0.006±0.0004 <0.006 <0.006 <0.006 0.005

Cu 0.03±0.0016 <0.03± <0.003 <0.03 <0.03 0.1

Zn 6.76±0.2163 0.486±0.0156 0.023±0.0007 0.048±0.0015 0.02±0.0006 1

Cd 0.045±0.0023 0.002±0.0001 <0.02 <0.002 <0.002 0.01

O2 9.2±0.10 11.16±0.12 10.82±0.12 12.07±0.13 12.34±0.14  

Sus pended
par ti cles

<60.0 26±0.42 62±0.99 20±0.32 34±0.54  
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Fig ure 1. In duc tion of revertants caused by land fill leachates (PI and PII)
and pu ri fied sam ples (PpI and PpII)

Fig ure 2. In duc tion of revertants caused by land fill leachates (PI and PII)
and pu ri fied sam ples (PpI and PpII)



Ta ble 4 – Comet as say-early ex po nen tial phase of growth, short ex po sure, wa ter sam -
ples from first lo ca tion

Red: sta tis ti cally sig nif i cant dif fer ences com pared to con trol (95 % con fi dence)

Ta ble 5 – Comet as say-early ex po nen tial phase of growth, short ex po sure, wa ter sam -
ple from sec ond lo ca tion

Red: sta tis ti cally sig nif i cant dif fer ences com pared to con trol (95 % con fi dence)

An nual 2009 of the Cro atian Acad emy of En gi neer ing 213



Ta ble 6 – Comet as say-late ex po nen tial phase of growth, long-term ex po sure, wa ter
sam ples from first lo ca tion

Red: sta tis ti cally sig nif i cant dif fer ences com pared to con trol (95 % con fi dence)

Ta ble 7 – Comet as say-early ex po nen tial phase of growth, short ex po sure, wa ter sam -
ple from sec ond lo ca tion

Red: sta tis ti cally sig nif i cant dif fer ences com pared to con trol (95 % con fi dence)
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It can be seen that basal level of DNA dam age (neg a tive con trol) mea -
sured as a tail length, reaches sig nif i cantly high val ues. The one should
carry in mind that ge netic ma te rial in im mor tal cell line is highly un sta -
ble, and of ten spon ta ne ous DNA breaks and aneuploidy oc cur, re sult ing
in in creased num ber of chro mo somes and chro mo somal frag ments.

Still, the use of cell lines is highly rea son able, be cause com pounds which
cause DNA dam age in crease sin gle and dou ble DNA breaks in com par i -
son to neg a tive con trol, so del e te ri ous ef fect of in ves ti gated pol lut ants
can be mea sured.

The other pa ram e ters of DNA dam age (tail in ten sity and tail mo ment) do 
not reach high val ues in neg a tive con trol in early ex po nen tial phase of
growth, but as the cells reach con flu ence and exhorter growth me dium,
with con se quent el e va tion of the con cen tra tions of or ganic ac ids and
other met a bolic prod ucts in growth me dium, in crease of tail mo ment and
tail in ten sity also oc curs.
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Fig ure 3. Re sults of the comet as say dur ing 24 hours of in cu ba tion
with and with out sub se quent re cov ery



It is worth to men tion that the val ues of DNA dam age in the cells treated 
with the high est con cen tra tions of ex am ined pol lut ants are de creased in
com par i son to the val ues mea sured in cells treated with lower con cen tra -
tions of pol lut ants, or even neg a tive con trol. The rea son for this phe nom -
e non lies in the fact that dur ing pro longed ex po sure of the cells to the
high con cen tra tions of toxic com pounds, only re sis tant clones sur vive.
Such cells have more ef fi cient mech a nisms of DNA re pair, in creased lev -
els of en dog e nous mol e cules which pre vent DNA dam age etc. That is the
rea son why range of con cen tra tions must be in ves ti gated. Oth er wise, the
one could bring com pletely wrong con clu sions about genotoxic po ten tial
of in ves ti gated chem i cal, like in this case where the high est con cen tra -
tions of wastewaters cause false-neg a tive re sults. Ad di tion ally, other pa -
ram e ters must be de ter mined and com pared to get a com plete pic ture
about genotoxicity of in ves ti gated com pound.

In the case of wastewaters col lected in and around metal in dus try, Chem -
i cal anal y ses showed that in ves ti gated wastewaters did not con tain dras -
ti cally in creased lev els of heavy met als or phe nols, but mix ture of these
el e ments did cause se vere DNA dam age and cytotoxic ef fects.

The sam ple of river col lected up stream from fac tory and Dan ube wa ter
con tain con tam i na tions of other or i gin. Ac cord ing to that data it is nec es -
sary to es ti mate what is the im pact of house hold and ag ri cul tural con -
tam i na tion of wa ters on to tal genotoxic po ten tial of wa ters.

8. Con clu sions

To tal con cen tra tions of met als and other con tam i nants in wastewaters
and soils are poor in di ca tors of tox ic ity. Eval u a tion of ef fec tive ness of
 pretreatment of the wastewater can be done by ap ply ing an in te grated
chem i cal/bi o log i cal ap proach.



Ref er ences

1. Ames BN, McAnn J, Yamasaki E. (1975) Meth ods for de tect ing car cin o gens and
muta gens with the Sal mo nella/mam ma lian-microsome mutagenicity test. Mutat.
Res. 37 :347-364.

2. Avishai N, Rabinowitz C, Moiseeva E, Rinkevich B. (2002) Genotoxicity of the Kishon
River, Is rael: the ap pli ca tion of an in vi tro cel lu lar as say, Mutat. Res. 518 :21-37.

3. Calini V, Urani C, Camatini M. (2002) Comet as say eval u a tion of DNA sin gle- and
dou ble-strand breaks in duc tion and re pair in C3H10T1/2 cells. Cell Biol. Toxicol.
18:139-144.

4. Durgo K, Orešèanin V, Luliæ S, Kopjar N, Želježiæ D, Franekiæ Èoliæ, J. (2009) The
 assessment of genotoxic ef fects of wastewater from a fer til izer fac tory. J. Appl. Tox.
29(1):42-51.

5. Durgo K, Horvat T, Orešèanin V, Mikeliæ L, Franekiæ Èoliæ J, Luliæ S. (2005)
Cytotoxicity and mutagenicity study of waste and pu ri fied wa ter sam ples from elec -
tro plat ing in dus tries pre pared by use of fer rous sul fate and wood fly ash. J. En vi ron.
Sci. Heal. A, 40(5):949-957

6. Horvat T, Vidakoviæ-Cifrek Ž, Orešèanin V, Tkalec M, Pevalek-Kozlina B. (2007)
 Toxicity as sess ment of heavy metal mix tures by Lemna mi nor L. Sci. To tal. En vi ron.
384 :229-238.

7. Knasmüller S, Gottmann E, Steinkellner H, Formin A, Pickl C, Paschke A. (1998)
De tec tion of genotoxic ef fects of heavy metal con tam i nated soils with plant
bioassays. Mutat. Res. 420:37-48.

8. Kosz-Vnenchak M, Rokosz K. (1997) The “comet” as say for de tec tion of po ten tial
genotoxicity of pol luted wa ter. Folia Biol. 45:153-156.

9. Lah B, Vidic T, Glasenenik E, Cepeljnik T, Gorjanc G, Marinsek-Logar R. (2008)
Genotoxicity eval u a tion of wa ter soil leachates by Ames test, comet as say, and pre -
lim i nary Tra des can tia micronucleus as say. En vi ron. Monit. Asses. 139:107-118.

10. Maron DM, Ames BN. (1983) Re vised meth ods for the Sal mo nella mutagenicity test. 
Mutat. Res. 113:173-215.

11. Mathur N, Bhatnagar P, Mohan K, Bakre P, Nagar P, Bijarnia M. (2007) Mutagenicity 
eval u a tion of in dus trial sludge from com mon ef flu ent treat ment plant. Chemosphere
67:1229-1235.

12. Matsumoto ST, Mantovani MS, Mallaguti MI, Marin-Mo rales MA. (2003) In ves ti ga -
tion of the genotoxic po ten tial of the wa ters of a river re ceiv ing tan nery effluents by
means of the in vi tro comet as say. Cytologia 68 :395-401.

13. Monarca S, Donatella F, Zerbini I, Al ber ti A, Zani C, Sergio R. (2002) Soil con tam i na -
tion de tected us ing bac te rial and plant mutagenicity tests and chem i cal anal y ses.
En vi ron. Res. Agenda 88:64-69.

14. Ohe T, Watanabe T, Wakabayashi K. (2004) Muta gens in sur face wa ters: a re view.
Mutat. Res. 567:109-149.

An nual 2009 of the Cro atian Acad emy of En gi neer ing 217



15. Ol ive P, Banáth JP, (2006) The comet as say: a method to mea sure DNA dam age in
 individual cells. Nat. Protoc. 1(1):23-9.

16. Orešèanin V, Kopjar N, Durgo K, Elez L, Guštek-Findri Š, Franekiæ Èoliæ J. (2007)
Citotoxicity sta tus of elec tro plat ing wastewater prior/af ter neu tral iza tion/pu ri fi ca -
tion with al ka line solid res i due of elec tric arc fur nace dust. J. En vi ron. Sci. Heal. A
44(3):273-278.

17. Orešèanin V, Durgo K, Franekiæ Èoliæ J, Nad K, Valkoviæ V. (2003) Phys i cal, chem i cal 
and genotoxic prop er ties of waste mud-by prod uct of waste wa ter treat ment. J. Trace 
Microprobe. T. 21(1):123-132

18. Reg u la tion on limit val ues of pa ram e ters of haz ard ous and other sub stances in
wastewater, OG 40/99; 6/01; 14/01

19. Singh NP. (2000) Microgels for es ti ma tion of DNA strand breaks, DNA pro tein
crosslinks and apoptosis. Mutat. Res. 455:111-127.

20. Singh NP, Mc Coy MT, Tice RR, Schnei der EL. (1988) A sim ple tech nique for quan ti -
fi ca tion of low lev els of DNA dam age in in di vid ual cells. Exp. Cell. Res. 175:184-91.

21. World Health Or gani sa tion, En vi ron men tal health cri te ria 51, In ter na tional
Programme on chem i cal safety guide to short-term tests for de tect ing mutagenic and 
car ci no genic com pounds (1985)

218 Durgo, K. and Franekiæ, J.: De tec tion of en vi ron men tal con tam i nants by in vi tro …



Part II

In ter na tional Co op er a tion





Agree ment signed be tween HATZ and
Aus trian Acad emy of Sci ences
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CAETS





“Our Her i tage of Nat u ral Re sources –
Man age ment and Sustainability”

July 13 – 17, 2009, Cal gary, Can ada

The meet ing was held at the Ho tel Westin in Cal gary, Can ada. The big -
gest and most im por tant an nual meet ing of CAETS – 18th Con vo ca tion
of the In ter na tional Coun cil of Acad e mies of En gi neer ing and Tech no log -
i cal Sci ences was at tended by 137 par tic i pants, out of which 52 del e gates
from 22 mem ber coun tries of CAETS. Pres i dent of the Cro atian Acad emy 
of En gi neer ing – Prof. Stanko Tonkoviæ, Ph. D. also took part at the
meet ing. 38 lec tures were given (pre sen ta tions are avail able on the pre -
mises of the Acad emy) in 5 the matic sec tions which also rep re sented “sci -
en tific” part of the meeting (from July 14th – 16th, 2009), i.e.:

1. Gen eral Nat u ral Re sources

2. En ergy

3. For est

4. Wa ter Man age ment

5. Min ing and Ma te ri als

The en tire meet ing could be di vided in three parts:

July 13, 2009 – CAETS Board of Di rec tors Meet ing

July 14 – 16, 2009 – Sci en tific Seg ment of the Meet ing

July 17, 2009 – CAETS Coun cil Meet ing

These are most im por tant pro pos als and con clu sions of the CAETS meet ing:

Ø South Af ri can Acad emy of En gi neer ing has been ac cepted as full
mem ber of CAETS.

Ø Mem ber ship of the Slovenian Acad emy of En gi neer ing has been re -
newed.
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Ø Thus the num ber of mem ber coun tries of CAETS has amounted to 26.

Ø New Pres i dency of CAETS has been elected for the pe riod up to De -
cem ber 31, 2010.

As sum ing the above per sons are elected, the Board mem ber ship for
the pe riod Jan u ary 1, 2010 through De cem ber 31, 2010 will be:

Pres i dent Klaus Bock ATV, Den mark

Pres i dent-Elect Jose An to nio Ceballos AI, Mex ico

Sec re tary, Trea surer Wil liam C. Salmon United States

Past Pres i dent John Leggat CAE, Can ada

Mem ber1 Jong Kee YEO NAEK, Ko rea

Mem ber1 Stanko Tonkovic HATZ, Croatia

Mem ber1 Charles M. Vest NAE, USA

Mem ber1 Reiner Kopp acatech, Ger many

Mem ber2 Wil liam Arnot Wakeham RAEng,
United King dom

Mem ber2 Baldev Raj INAE, In dia

Mem ber2 Stig Gustavson TAF, Fin land

Mem ber2 Kjell Arne Ingebrigtsen NTVA, Nor way

1 Term is 2009 and 2010

2 Term is 20010 and 2011

Ø Fi nan cial re port for 2008 has been ac cepted, as well as plans for 2010
and 2011.

Ø Mem ber ship fees for the mem ber acad e mies re main at the last year
level.

Ø To all mem ber acad e mies and the Gov ern ments of Can ada and USA
(their re spec tive Min is tries) CAETS is go ing to send fi nal ver sion of
the doc u ment “CAETS 2009 STATEMENT” (in cluded in the An nual
2009)

Ø Next CAETS meet ings:

An nual Meet ing in Co pen ha gen, Den mark, June 29-31, 2010.

Con vo ca tion in Mex ico City, Mex ico in 2011.

A more de tailed ac count and im por tant ma te rial are pre sented in this
An nual, while some other de tails are avail able on the web pages of
CAETS (caets@nae.edu).
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Is sues of Con cern – 2009
(as re ceived from Acad e mies)

Ø Ar gen tina, ANI

a. Com pre hen sive de vel op ment and ed u ca tion of en gi neers for the XXIst

Cen tury

b. Ob tain ing fi nan cial re sources for ANI’s stud ies and re search pro jects,
pre serv ing the in de pend ence and ob jec tiv ity of con clu sions and rec -
om men da tions.

c. Con struc tion safety of pre car i ous set tle ments, known as “shanty
towns”, lo cated at ma jor cit ies, es pe cially in Bue nos Ai res.

d. Ar gen tina’s de fi cient sit u a tion re lated to lack of in vest ment in In fra -
struc ture, re gard ing ev ery area of trans por ta tion:

1. Road

2. Rail ways

3. Air

e. Ar gen tina’s de fi cient sit u a tion re lated to lack of in vest ment in En ergy 
Pro duc tion, re gard ing all pos si ble sources:

1. Hy drau lic

2. Ther mal

3. Nu clear

4. Non con ven tional

Ø Aus tra lia, ATSE

The Acad emy is work ing on a range of tech no log i cal sci ence and en gi -
neer ing chal lenges fac ing Aus tra lia prin ci pally around the is sue of ac cel -
er ated cli mate change, in clud ing:

• En ergy gen er a tion in a low car bon fu ture; and

• Sus tain able wa ter us age in light of South ern Aus tra lia’s ex tended
drought.

The Acad emy is also ad dress ing other na tional chal lenges such as ed u ca -
tion and in no va tion.
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As part of our re sponse to these key chal lenges to Aus tra lia (and the
world), ATSE has formed the fol low ing stra te gic ap proaches:

1. Pol icy For mu la tion

• Strengthen the de vel op ment of ev i denced-based pol icy for mu la tion
for in put to gov ern ment;

• ATSE seeks to have a greater in put to in formed pub lic de bate and
pol icy for mu la tion in stra te gic ar eas for the Acad emy;

• Un der tak ing the syn the sis of ATSE po si tion state ments in a neu -
tral, tech no log i cal sci ences and en gi neer ing based frame work on
con tro ver sial ar eas where there are strongly held mi nor ity po si tions 
within the Acad emy (for ex am ple, cli mate change and nu clear power 
gen er a tion).

2. In dus try En gage ment

• ATSE’s re cog nises the need to work in part ner ship with in dus try,
not ing a sus tained and pro duc tive re la tion ship with Aus tra lian in -
dus try would en hance the Acad emy’s abil ity to de liver tech no log i -
cally based so lu tions to the chal lenges iden ti fied. Fur ther, the better 
our prac ti cal en gage ment with in dus try, the more ef fi ciently we can
achieve ev i denced-based prob lem solv ing and the greater our abil ity
to in flu ence sound pol icy mak ing.

• ATSE is con sid er ing both ac tiv ity-based and struc tural ini tia tives to 
this is sue and has noted the ap proaches that some other Acad e mies
have adopted as a guide.

3. Ed u ca tion

Aus tra lia’s chal lenge to achieve the sus tained level of high tech nol ogy
skills that are en vis aged to be needed if we are to meet the na tional tech -
no log i cal chal lenges, such as re spond ing to cli mate change, high light cur -
rent trends which are of con cern in our ed u ca tion sec tor . These in clude:

• Lim ited en rol ment by sec ond ary stu dents in ad vanced sci ence and
math e mat ics sub jects

• Lim ited en try by sec ond ary stu dents into sci ence and en gi neer ing
courses at uni ver sity

• Lack of in ter est in sci en tific and en gi neer ing ca reers within the
most able co horts of school leav ers.
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4. In no va tion

• In no va tion is key to mak ing the na tion more pro duc tive and more
com pet i tive.

• ATSE is de vel op ing its think ing on what are the key tech no log i cal
sci en tific and en gi neer ing chal lenges that face Aus tra lia to day, to as -
sist it in set ting its stra te gic goals and to en able the Acad emy to
con trib ute to na tional pol icy for mu la tion.

• ATSE will ac tively pro mote pro duc tive in no va tion in Aus tra lia.

• As an ex am ple of its en gage ment in in no va tion, ATSE is un der tak -
ing a pro ject in Smart Tech nol ogy for Healthy Lon gev ity.

5. Foresighting Emerg ing Tech no log i cal and Pol icy Is sues

• ATSE has es tab lished a Work ing Group to indentify how the Acad -
emy should set new stra te gic di rec tions, and re view ex ist ing stra te -
gic di rec tions. These stra te gic di rec tions act as fo cal points for the
Acad emy’s pro jects, pol icy de vel op ment and en gage ment mech a nism 
with Gov ern ment and in dus try on emerg ing pol icy is sues/pri or i ties.

• ATSE is re spond ing to a num ber of key na tional chal lenges and is
com mit ted to pro vid ing ev i denced-based pol icy ad vice to gov ern -
ments, in dus try and the com mu nity in or der that tech nol ogy and
en gi neer ing are seen as rel e vant to our ev ery day lives and as pro vid -
ing best prac tice so lu tions to our prob lems.

Ø Bel gium, BACAS

1. In no va tion

Bel gium wants to achieve the so-called “Lis bon tar gets” of the Eu ro pean
Un ion re gard ing R&D and in no va tion: the E.U. wants all its mem ber
states to spend at least 3% of their GDP to in no va tion. The Flem ish com -
mit tee CAWET (part of BACAS) has in ves ti gated the prog ress made in
this field in Flan ders (Dutch-speak ing part of Bel gium).

The work ing group made the fol low ing rec om men da tions:

• Con sid er ing the im por tance of in no va tion and against the back -
ground of a dire and still wors en ing eco nomic sit u a tion, par lia ment
should ded i cate more time and in ter est to the in no va tion is sue.
The impact of gov ern men tal bills and mea sures with re spect to

An nual 2009 of the Cro atian Acad emy of En gi neer ing 229



innova tion should be mon i tored and, when needed, cor rec tive ac -
tions, should be pro posed.

• Launch ing of an “In no va tion Coun cil” to au dit cur rent in no va tion
pro grams and to ad vise the gov ern ment about new in no va tion ini -
tia tives. A suit able ex ist ing or ga ni za tion could be charged with
those tasks.

• Es tab lish ment, with the par tic i pa tion of the ma jor ac tors, of a Stra -
te gic Mas ter Plan for the Flem ish econ omy. Se lec tion of the spear -
head eco nomic do mains, which con se quently should be fos tered and
de serve a pri or ity treat ment.

• Crit i cal eval u a tion of re sults, goals, ef fi cient use of fund ing, over -
laps… of all pro grams, ini tia tives, or ga ni za tions,… set up to boost
in no va tion.

• Quicker sus pen sion of underperforming pro grams and ini tia tives.
Im prove ment of col lab o ra tion and co op er a tion be tween ser vices and 
or ga ni za tions cov er ing over lap ping do mains.

• A sys tem atic and thor ough eval u a tion of in no va tion pro grams has
to as sure a proper “re turn on in vest ment” of the en gaged fi nan cial
means. Suit able con sid er ation should be given to the com mer cial
value of the ob tained re sults. This is, af ter all, the ul ti mate goal of
the in no va tion ef fort.

• Pro gres sive low er ing of the ad min is tra tive bur den in volved in ob -
tain ing gov ern ment fund ing with a view to re place it by a com pre -
hen sive mid term and post eval u a tion.

• Set ting up of a freely ac ces si ble and user-friendly da ta base con tain -
ing all rel e vant in for ma tion about in no va tion ini tia tives, pro grams
and pro jects.

• Keep a proper bal ance be tween ba sic and ap plied re search. Ba sic re -
search ef forts should be main tained at a suf fi ciently high level to
ful fill the needs and ex pec ta tions of the Flem ish eco nomic tis sue.

2. Nanotechnology

Nanotechnology is ex pected to have a ma jor im pact in many fields, rang -
ing from med i cine to elec tron ics. An ex pert group has in ves ti gated if this
is just a new “hype” or if it is re ally go ing to fun da men tally change our
so ci ety in the com ing years. Com mu ni ca tion is also an is sue: sci en tists
should suf fi ciently com mu ni cate about their re search in or der to avoid
neg a tive re ac tions such as the ones that have been ex pe ri enced in other
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do mains (nu clear en ergy, bio tech nol ogy …) be cause of a lack of ob jec tive
in for ma tion.

3. In ter ac tion be tween high school ed u ca tion and pri vate en ter prise

There is a gap be tween what stu dents are taught in sec ond ary schools
and what the busi ness world de mands.

The first part of this pa per looks at the prob lem it self. There are sev eral
rea sons why this gap ex ists, de spite the high qual ity of our ed u ca tional
sys tem.

In the sec ond part we look at the some what dif fi cult re la tion ship be tween 
the busi ness world and the ed u ca tional sys tem. The busi ness world is ex -
tremely het er o ge neous and changes rather rap idly, while the ed u ca tional
sys tem tends to be rather slug gish and is not able to re spond im me di ately 
to all needs of the busi ness world.

The third part deals with the in for ma tion given to our youth about tech -
nol ogy, the pos si bil i ties of a ca reer in the busi ness world, and what ob sta -
cles re main in de cid ing to choose a job in the busi ness world.

In the fourth and last part sug ges tions are put for ward for chang ing the
or gani sa tion and struc ture of our ed u ca tional sys tem. Changes how ever
must also be car ried by so ci ety, in clud ing: par ents, the busi ness world,
ad min is tra tion, youth move ments and sports clubs. An all round ed u ca -
tion is cer tainly not the re spon si bil ity of the school only.

Ø Can ada, CAE

The Ca na dian Acad emy of En gi neer ing’s main is sues of con cern are as
fol lows:

• Glob al iza tion of en gi neer ing with im pact on en gi neer ing ed u ca tion,
train ing and soft skills

• Our Her i tage of Nat u ral Re sources – Man age ment and Sustain ability

• En ergy and Cli mate Change Chal lenges

• Sus tain able In fra struc ture

• North ern Com mu ni ties

An nual 2009 of the Cro atian Acad emy of En gi neer ing 231



More spe cif i cally:

• The in no va tion sys tem in Can ada and im prov ing Ca na dian pro duc -
tiv ity

• Im pacts of cli mate change on Can ada’s North and im pli ca tions for
ad ap ta tion

• The need for a na tional com pre hen sive wa ter man age ment strat egy

• Di ver si fi ca tion of en ergy pro duc tion so as to re duce de pend ency on
fos sil fu els

• Bio-se cu rity

• Se cu rity of food sup ply

• Im prov ing the safety of our in fra struc tures and re plac ing our ag ing
in fra struc ture

• En gi neer ing for cold cli mates

• Bat tling cybercrime

• The im pact of the eco nomic down turn on the Ca na dian man u fac tur -
ing sec tor

• The fu ture of Can ada’s au to mo tive sec tor

• En gi neer ing and the needs of an ag ing pop u la tion

• The role of en gi neer ing in im prov ing the qual ity of life for Ca -
nadians

Ø China, CAE

1. Strength en ing ef forts to en sure the qual i fi ca tion of CAE Mem ber
Team by im prov ing elec tion pro cess and im ple ment ing the mea sures
for qual ity con trol.

2. Speed ing up the pro cess of build ing up CAE into a State Think-tank
of En gi neer ing & Tech no log i cal Sci ences so as to serve the goal of eco -
nomic and so cial de vel op ment and in no va tive na tion con struc tion in
China.

3. Mak ing con tri bu tion to the bat tle against fi nan cial cri sis by pro vid ing 
Stra te gic Con sul ta tions to the Cen tral Gov ern ment.

4. Bet ter ing the stra te gic stud ies on me dium and long term na tional de -
vel op ment pro grams of en gi neer ing and tech no log i cal sci ences.
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5. Strength en ing the on go ing study on Na tional Strat egy of En ergy and
En vi ron ment.

6. Con tin u ing the ef forts in en hanc ing Acad emy-In dus try in ter ac tion
and co op er a tion.

7. Up grad ing and deep en ing the ex change and col lab o ra tion be tween
CAE and sis ter Acad e mies around the world.

Ø Croatia, HATZ

• Cro atian Acad emy of En gi neer ing held its 24th An nual and also Elec -
tive As sem bly on March 14th, 2009. The man date of Prof. Zlatko
Kniewald, Ph.D. as the head of this em i nent and hon or able Cro atian 
in sti tu tion ended. For the new man date, from 2009 up to 2013 (be -
gin ning with July 1st, 2009), the par tic i pants elected the Pres i dent
Prof. Stanko Tonkoviæ, Ph.D., Vice-Pres i dents Prof. Miljenko
Lapaine, Ph.D. and Prof. Vilko Žiljak, Ph.D. and Sec re tary-Gen eral
Goran Graniæ, Ph.D. We ex pect “tran si tion pe riod” of the six
months (till Jan u ary 1st, 2010).

• Due to the mod i fi ca tion of Ar ti cles of As so ci a tion, the Cro atian
Acad emy of En gi neer ing be came, on May 12, 2009, Full Mem ber of
Euro-CASE.

• First task of new Gov ern ing Board is to es tab lish novel Pres i dency
of the Cro atian Acad emy of En gi neer ing, re lat ing ad di tion ally to
elected (same As sem bly) De part ment Sec re tar ies, Stand ing Com mit -
tees & Chair per sons and Heads of the Acad emy Cen ters.

• We will try es pe cially to ac ti vate Cen tre for Life long Ed u ca tion in
re la tion with the Min is try of Sci ence, Ed u ca tion and Sports, Uni ver -
sity of Zagreb and Cro atian Acad emy of Sci ences and Arts, and with
the gen eral ef fort in Croatia to es tab lish new Na tional Cur ric u lum
for High Schools, con sid er ing mainly the in flu ence of new tech nol o -
gies in ed u ca tional pro cess.

• The Acad emy must be come a part ner of state in sti tu tions and as so -
ci a tions and cre ate the co op er a tion with all rel e vant in dus try, en gi -
neer ing and man u fac tur ing sec tors in the field of tech ni cal and
biotechnical sci ences. This is both, a com mit ment and re spon si bil ity
of the new Board, Pres i dency, all or ga ni za tional Units of the Acad -
emy, as well as of all its mem bers.

• New Gov ern ing Board will con tinue prep a ra tions for the cel e bra tion 
of the 300th An ni ver sary of the birth of Ruðer Boškoviæ, 2011.
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• The Acad emy should be come the meet ing point of the mem bers for
pre sen ta tions of their achieve ments & dis cus sions, as well as for so -
cial gath er ing.

Ø Czech Re pub lic, EA CR

En gi neer ing Ed u ca tion

• Dur ing the whole 2008 and the be gin ning of the 2009 En gi neer ing
Acad emy of the Czech Re pub lic was tak ing part in the dis cus sion of
the Ac a de mia on the Re form of the Uni ver sity Ed u ca tion, which
also con cerned En gi neer ing Ed u ca tion. The re form was be ing pre -
pared by the Min is try of Ed u ca tion, Youth and Sport of the Czech
Re pub lic. Num ber of top ics for this dis cus sion emerged also from
the In ter na tional Work shop “The Role of En gi neer ing Ed u ca tion in
Knowl edge So ci ety” or ga nized by EA CR in Prague in Oc to ber 2008. 
Due to the se ri ous res er va tions the draft of the re form was with -
drawn for the thor ough re vi sion. The Acad emy will fol low the work
on a new draught of the re form and will be ex press ing its views.

Tech no log i cal Foun da tion of the Czech Re pub lic

• As an out come of a new bill on the Re search and De vel op ment
which was passed by the Par lia ment of the Czech Re pub lic in March 
2009, a Tech no log i cal Foun da tion of the Czech Re pub lic (TC FR) is
be ing in tro duced. The Foun da tion will pro vide pub lic fi nan cial sup -
port to the ap plied re search and de vel op ment. EA CR was the first
that came up with the pro ject of a Tech no log i cal Foun da tion al ready 
in the year 2004. EA CR con sid ers this a very sig nif i cant achieve -
ment and del e gated its Fel lows into the TF CR Pre pa ra tory com mit -
tee. This com mit tee has been pre par ing all the ba sic doc u ments,
which will reg u late the func tion ing of the Foun da tion.

Ø Den mark, ATV

• Re search, Ed u ca tion and In no va tion

• Sus tain able In fra struc ture

• Sus tain able Food Sys tems

• En ergy and Cli mate Change

• Health

• Sus tain able Trans port
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Ø Fin land, TAFF

• How to make tech nol o gies main ve hi cles for the growth strat e gies of 
the next up turn?

• How to pro vide ac cu rate and si mul ta neously easy-to-un der stand in -
for ma tion on com plex tech no log i cal is sues for gen eral pub lic, for ex -
am ple on sus tain able en ergy so lu tions in the so ci ety?

• How to make the in no va tion cli mate more suit able for spin-off com -
pa nies to ex cel in Fin land?

• Tech nol ogy Fore sight.

Ø France, NATF

Re search and in no va tion

The Acad emy is adressing a num ber of tech nol ogy and in no va tion re lated 
na tional chal lenges through Pol icy for mu la tion and ac tive par tic i pa tion
in gov er nance boards:

1. Restructuration of the high level ed u ca tion, in clud ing re search, to -
wards au ton omy of the uni ver si ties .

2. Bring ing to gether the small and me dium size com pa nies and the pub -
lic re search labs on well de fined me dium and long term pro jects.

3. Main tain ing a true tech nol ogy teach ing in sec ond ary schools.

Cli mate change and new en ergy pro duc tion tech nol o gies

NATF is very ac tive in adressing the is sues of en ergy sav ings and the de -
vel op ment of new en ergy pro duc tion tech nol o gies. This is of par tic u lar
in ter est in France where both the na tional (with the size of the nu clear
en ergy ) and eu ro pean con text make any change com plex.

The role of tech nol ogy in out ing the cri sis

Al though no body can pre dict when the cri sis will end and the growth will 
start again the Acad emy de cided to ini ti ate a study on how the tech nol -
ogy could help the re cov ery in the me dium-long term fu ture.
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Ø Ger many, acatech

acatech per ceives it self as a flex i ble work ing acad emy and as a sci ence
and busi ness net work. In or der to pro mote sus tained growth through in -
no va tion, acatech fo cuses on four core ar eas:

• Sci en tific rec om men da tions: acatech ad vises pol icy mak ers and the
pub lic on fu ture tech nol ogy is sues based on the best of re search.

• Trans fer of ex per tise: acatech pro vides a plat form for ex change be -
tween sci ence and busi ness.

• Pro mo tion of young sci en tists and en gi neers: acatech is com mit ted
to sup port ing young sci en tists and en gi neers.

• Voice for sci ence and en gi neer ing: acatech rep re sents the in ter ests
of sci en tists and en gi neers at a na tional and in ter na tional level.

The mem bers of acatech en gage in the cen tral is sues of sci ence and tech -
nol ogy. These is sues are struc tured into top i cal net works that give rise to
pro ject groups. The top i cal net works are:

• Bio tech nol ogy

• Ed u ca tion and Knowl edge Man age ment

• En ergy, Con struc tion, In fra struc ture and En vi ron ment

• Foun da tion of En gi neer ing and Tech nol ogy

• In for ma tion and Com mu ni ca tion Tech nol ogy

• Ma te ri als

• Mo bil ity

• Nanotechnology

• Prod uct De vel op ment

• Safety and Se cu rity

Ø Hun gary, MMA

• MSc-BSc ex pe ri ences

• En ergy strat e gies

• Food se cu rity
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Ø In dia, INAE

En hanc ing In dus try-Ac a deme In ter ac tion

The lack of ad e quate in ter ac tion be tween the Ac a deme and In dus try is a
bar rier in con vert ing R&D into ac tual prod ucts, pro cesses and goods in
the mar ket. The Sci en tific Ad vi sory Com mit tee to the Cab i net (SAC-C),
Gov ern ment of In dia is also con cerned about this prob lem. The SAC-C
has sug gested that the In dian Na tional Acad emy of En gi neer ing (INAE)
should con duct Sem i nars/De bates on All-In dia ba sis for en hanc ing the in -
ter ac tion be tween the Ac a deme and In dus try. Four sep a rate dis cus sion
meet ings en tirely de voted to the sub ject were con vened by INAE and a
sum mary of dis cus sions of all these meet ings has been for warded to the
Of fice of the Prin ci pal Sci en tific Ad vi sor to the Cab i net (SAC-C), Gov ern -
ment of In dia.

Acad emy’s Role in for mu lat ing and in flu enc ing Sci ence &
 Technology Pol icy

Most of the S&T De part ments and the Agen cies in In dia such as Atomic
En ergy, Space, De fence etc. are headed by Sci en tists, and they and their
se nior col leagues make pol i cies. How ever, there are many ar eas of na -
tional ac tiv ity, no ta bly, En vi ron ment, Com mu ni ca tion and In for ma tion
Tech nol ogy, var i ous as pects of In fra struc ture, Ed u ca tion, Health Care
etc., in which the Pol icy-mak ing in di vid u als and bod ies in volve Gen er al -
ists and not Spe cial ists. In these ar eas, cer tainly there is a need for cre at -
ing both aware ness among the pub lic as well as the de ci sion- mak ers on
the S&T is sues.

In or der to face the chal lenge of sus tain ing its rapid eco nomic growth
while deal ing with the global threat of cli mate change, the Gov ern ment
of In dia has ini ti ated a “Na tional Ac tion Plan on Cli mate Change” which
ad dresses the ur gent and crit i cal con cerns of the coun try through a di rec -
tional shift in the de vel op ment path way. This Ac tion Plan iden ti fies mea -
sures that pro mote the de vel op ment ob jec tives while also yield ing co-ben -
e fits for ad dress ing cli mate change ef fec tively. It out lines a num ber of
steps to si mul ta neously ad vance In dia’s de vel op ment and cli mate- change 
re lated ob jec tives of ad ap ta tion and mit i ga tion.

Im prov ing the Qual ity of En gi neer ing Ed u ca tion

En gi neer ing Ed u ca tion in In dia has had un prec e dented ex pan sion in the
last few years. The num ber of En gi neer ing Col leges/In sti tu tions in In dia
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has in creased from 50 dur ing the year 1950 to 2300 dur ing the year 2009. 
How ever, the num ber of qual i fied en gi neer ing teach ers has not grown
pro por tion ately. This ex pan sion has there fore re sulted in a de cline of the
qual ity of en gi neer ing ed u ca tion.

It is fur ther ob served that whereas the num ber of Polytechnics has in -
creased from 46 dur ing the year 1950 to 1500 dur ing 2009, the in take of
stu dents has not in creased cor re spond ingly. The pop u lar ity of
polytechnics is also on the de cline.

It is con sid ered nec es sary to em ploy a host of strat e gies in or der to im -
prove and sus tain the Qual ity of En gi neer ing Ed u ca tion in the coun try.

The pri vate sec tor con tin ues to be a ma jor player with its cur rent share
in en gi neer ing ed u ca tion to day be ing close to 86%. Most en gi neer ing col -
leges are pri vately owned & ad min is tered and are af fil i ated with state
Uni ver si ties. The In dian In sti tutes of Tech nol ogy (IITs), are a group of
au ton o mous en gi neer ing and tech nol ogy-ori ented in sti tutes of higher ed -
u ca tion cre ated to train sci en tists and en gi neers, with the aim of de vel op -
ing a skilled workforce to sup port the eco nomic and so cial de vel op ment of 
In dia af ter in de pend ence in 1947. The gov ern ment plans to es tab lish
eight more In dian In sti tutes of Tech nol ogy (IITs) across the coun try
within next five-six years. Each new IIT will have 2,000 un der grad u ate,
500 post grad u ate, 400 doc toral and 100 post-doc tor ate stu dents.

The Gov ern ment of In dia has also es tab lished five In dian In sti tutes of
Sci ence Ed u ca tion and Re search (IISER). The IISERs rep re sent a unique 
ini tia tive in In dia where teach ing and ed u ca tion are to tally in te grated
with state-of-the-art re search nur tur ing both cu ri os ity and cre ativ ity in
an in tel lec tu ally vi brant at mo sphere of re search. Each IISER is an au ton -
o mous in sti tu tion award ing its own Mas ters and Doc toral de grees.

Bridg ing the Dig i tal Di vide

The ever wid en ing gap be tween the de vel oped and de vel op ing na tions
needs to be rap idly bridged to en sure a min i mum ac cept able qual ity of
life for the vul ner a ble peo ple in the poorer na tions. This can only hap pen
when we are able to build a strong dig i tal bridge and em power weaker
na tions and vul ner a ble so ci et ies to reap the ben e fits of eco nomic
globalisation us ing the tools now avail able from in for ma tion and com mu -
ni ca tion tech nol ogy rev o lu tion. What is needed is a strong po lit i cal will
and en light ened lead er ship com mit ted to bridge the dig i tal di vide to
achieve the dream of a truly global vil lage.
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De sign for Re cy cling

Man kind’s spec tac u lar tech no log i cal prog ress of ten re sults in un fore seen
and un in tended ad verse ef fects on so ci ety and en vi ron ment. In dia is on
the throes of spec tac u lar eco nomic ex pan sion, which will re sult in greater 
con sump tion of en gi neer ing and en gi neered goods, which have a lim ited
life. The prob lem of dis posal of these items would need to be ad dressed
well be fore it as sumes the pro por tions of a ma jor eco log i cal di sas ter. The
pop u la tion of cell phones is in creas ing by mil lions. Sim i lar growth is be -
ing re ported in other con sumer durables and other in dus tries like steel,
ce ment, plas tics and pet ro chem i cals. All these en gi neered goods have a fi -
nite life and will be come scrap at the end of their use ful eco nomic life. We 
need to de velop tech nol o gies for scrap re cov ery and setup mech a nisms to
col lect and pro cess the scrap gen er ated to pro duce use ful raw ma te rial
and goods. It is im per a tive that the de sign of the en gi neer ing goods and
con sumer durables etc. should be such that they are ame na ble for re cy -
cling.

INAE had or ga nized a Sem i nar on “Re cy cling for Elec tronic and Au to mo -
tive In dus try”. The aim of the sem i nar was to de vise strat e gies for dis -
posal and re cy cling of en gi neer ing goods so as to pro tect the en vi ron ment 
and con serve de plet ing nat u ral re sources like iron ore and baux ite, with a 
fo cus on two ma jor sec tors, viz., Elec tron ics and Au to mo tive Man u fac tur -
ing. The Sem i nar in cluded the in vited talks by re nowned sci en tists and
tech nol o gists. Pre sen ta tions were made on “Prob lem Def i ni tion and Pos -
si ble So lu tions in the In dian Con text”; “Eco nom ics and Busi ness Mod -
els”; “Reg u la tions”; “Re search and De vel op ment Is sues”; “e-Waste Man -
age ment”; “Eco nom ics & Busi ness Mod els”; and “Ef fects of e-Waste on
En vi ron ment”.

The pol icy rec om men da tions of the Sem i nar have been sent to the Plan -
ning Com mis sion, Min is try of Heavy In dus try, Min is try of En vi ron ment,
Min is try of In for ma tion Tech nol ogy and De part ment of Sci ence & Tech -
nol ogy for fol low-up ac tion.

Some Con tem po rary Is sues and Ques tions

a) How to ex ploit more ef fec tively and ef fi ciently the ex per tise of our
Fel low ship on is sues and ac tiv i ties of na tional con cern.

b) How to raise in ter est in Sci ence. The num ber of sci ence stu dents in
the school has fallen sig nif i cantly dur ing the last few years due to
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 various socio-eco nomic rea sons. Fewer stu dents are now opt ing for ca -
reers in sci ence, es pe cially re search work.

In this con text, De part ment of Sci ence & Tech nol ogy, Gov ern ment of
In dia has re cently pro posed three new schemes, for im ple men ta tion
dur ing the next Five Year Plan, for at trac tion of tal ented stu dents to
study and pur sue ca reers in sci ence, viz, (i) Scheme for early At trac -
tion of Tal ents for Sci ence for a to tal of one mil lion young learn ers of
the age group 10-17 years once in their school ca reer. (ii) Ten thou -
sand Schol ar ships for Higher Ed u ca tion for the age group 17-22
years, per year. . (iii) Of fer ing As sured Op por tu nity in Re search for
the age group 17-22 years, for 5 years’ doc toral re search, backed by an 
as sured re search ca reer op por tu nity for an other pe riod of five years
af ter their PhD in sci ences. All these schemes in clude at trac tive schol -
ar ships for mo ti vat ing the stu dents.

c) How to adapt En gi neer ing Ed u ca tion to serve In dus try needs better.

d) How to en sure ad e quate and sus tained fund ing for the core ac tiv i ties
of the Acad emy.

Ø Ja pan, EAJ

1) Pol icy Rec om men da tions

A va ri ety of task forces are work ing on pre par ing rec om men da tions
re lated to na tional pol icy on sci ence, tech nol ogy and in no va tion. Ef -
forts are be ing made for putt ing the ideas into prac tice. In par tic u lar,
EAJ aims at let ting its as ser tions be in cor po rated into the 4th Sci ence
and Tech nol ogy Ba sic Plan (2011-2016) keep ing closer re la tion ship
with the Coun cil for Sci ence and Tech nol ogy Pol icy and the Sci ence
Coun cil of Ja pan.

2) In ter na tional Ac tiv i ties

• The 9th Ja pan-Amer ica Fron tiers of En gi neer ing Sym po sium (Irvine)
(Co-or ga nized with NAE and JST)

• The 13th East Asia Round Ta ble Meet ing of Acad e mies of En gi neer ing
(Nagoya)
Sym po sium Theme: “Trans por ta tion to ward Low Car bon So ci ety”
(Co-or ga nized with CAE and NAEK)

• Bi lat eral Co op er a tion with RAEng, NATF, acatech, IVA, ATSE and
other acad e mies are un der way.
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3) Do mes tic Ac tiv i ties

Sym po sia: 

• “How to Nur ture Po ten tial Lead ers”

• “Fron tiers of Wa ter Re search”

• 3 ~5 more sym po sia will be held in FY2009

Lec ture Meet ings and Oth ers

• Spe cial Lec ture: “Na tional Pol icy on Sci ence, Tech nol ogy and In no -
va tion in the Global Era” 

• 3~5 lec ture meet ings will be held in FY2009.

• 7 work ing groups are study ing on var i ous po lit i cal and/or tech ni cal
is sues, in clud ing en gi neer ing ed u ca tion, en gi neer ing eth ics, safety
and se cu rity, So cial in fra struc tures and com mis sion, etc.

• Re gional lec ture meet ings in Hokkaido-Tohoku, Chubu, Kansai
and Kyushu ar eas. Ef forts are be ing made to more ac ti vate
regional acivities and dis cover el i gi ble mem bers in those re gional
 areas.

• Ef forts are also be ing made to strengthen re la tion ship with sup port -
ing cor po rate mem bers and other ac a demic/in dus trial/gov ern men tal 
or ga ni za tions.

Ø Ko rea, NAEK

Our ma jor con cerns are

Ko rea’s com pet i tive ness in sci ences and tech nol ogy which will shape the
fu ture of Ko rea.

• Com mit tees on Strat e gies for Fu ture En gi neer ing Tech nol ogy and Con -
ver gence Tech nol ogy, Sus tain able De vel op ment of Man u fac tur ing sep a -
rately ad dress per ti nent is sues.

• Par tic u larly the Com mit tee on Strat e gies for Fu ture En gi neer ing Tech -
nol ogy re cently set up to pro pose short and long term strat e gies to the
gov ern ment how in dus tries should re spond to the vul ner a ble mar ket
trans for ma tions caused by a re cent global fi nan cial cri sis. It will tackle
10 clas si fied in dus tries – au to mo bile, ship build ing, steel, semi-con duc -
tor, mo bile com mu ni ca tion, dis play, health, en vi ron ment, en ergy, and
ma te ri als.
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To in crease pub lic un der stand ing of sci ence and en gi neer ing and to at -
tract tal ented stu dents to en roll en gi neer ing dis ci plines.

• Sup port YEHS stu dents (Young En gi neers Honor So ci ety, en gi neer ing
stu dents in BS) to de velop their lead er ship, and com mu ni ca tion skills.

• A Se ries of News pa per Col umn that in tro duces ‘12 Sig nif i cant Fu ture
Tech nol ogy’ in Chosun Daily News pa per.

Ø The Neth er lands, AcTI-nl

The Neth er lands Acad emy of Tech nol ogy and In no va tion’s main is sues of 
con cern are as fol lows:

• En hanc ing the Acad emy’s func tion as a meetingplace for high level de -
ci sion mak ers and ex perts in tech nol ogy de vel op ment, re search, higher
ed u ca tion and in no va tion .

• Strength en ing the Acad emy’s role as an in for mal sound ing board for
key de ci sion mak ers in pol i tics and gov ern ment agen cies.

• To de velop a co her ent vi sion on the vi tal im por tance of tech nol ogy and
in no va tion for so ci etal well-be ing, and to have an im pact on so ci etal de -
bate and ac tions on these is sues.

• Rais ing the aware ness of the Acad emy amongst higher ed u ca tion in sti -
tu tions, R&D or ga ni za tions, gov ern ment agen cies, in dus try, pol i tics,
and NGO’s.

• Se cur ing its in de pend ent po si tion in re la tion to gov ern ment, in dus try,
NGO’s and sci en tific and ed u ca tional in sti tu tions.

Ø Nor way, NTVA

Nor we gian Acad emy of Tech no log i cal Sci ences (NTVA) has iden ti fied the
fol low ing is sues of im por tance:

• In creas ing the po lit i cal in flu ence of NTVA

• Fund ing for NTVA pro ject work

• In no va tion, pri vate and pub lic R&D

• En gi neer ing Ed u ca tion

• Young peo ple and Sci ence Ed u ca tion

• Ac tions to help the pub lic un der stand sci ence and tech nol ogy
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• En ergy and cli mate

• Nanotechnologies

• Ma rine in dus try

• Med i cal tech nol ogy

• Tech nol ogy fore sight

• In no va tion

• Trans port

• Global Pro duc tion

Ø Slovenia, IAS

• So ci etal vis i bil ity, un der stand ing and ap pre ci a tion of the role and sig -
nif i cance of en gi neers for na tional de vel op ment;

• Com pre hen sive ed u ca tion and pro fes sional train ing of en gi neers for
XXIst cen tury;

• Com pet i tive ness of small and me dium en ter prises in Slo vene in dus try;

• Na tional stra te gic en ergy and cli mate changes pol icy;

• Link ing the uni ver si ties and re search in sti tu tions with in dus try.

Ø Spain, RAI

• To eval u ate and to pro mote the con tri bu tion of En gi neer ing to a sus -
tain able de vel op ment, with a par tic u lar em pha sis on en ergy, trans por -
ta tion and cli mate change is sues. To study and pro mote the use of new
tech nol o gies for sus tain able so lu tions.

• To pre dict the tech no log i cal, socio-eco nom i cal and en vi ron men tal evo lu -
tion in the next 5, 10, 25 and 50 years. To de fine the pro file of the fu -
ture en gi neers. En gi neer ing Ed u ca tion should be based on the so cial
and tech no log i cal needs, and adapted to their changes.

• To fos ter new tools for the In for ma tion & Knowl edge (I & K) So ci ety.
To con sider In for ma tion and Com mu ni ca tion Tech nol o gies as our new
way to man age and share In for ma tion, and as an es sen tial tool for ex -
ploit ing Knowl edge. To pro mote new ICT so lu tions as an im por tant tool 
for Ed u ca tion, Re search, Cre ativ ity and In no va tion.

• To make En gi neer ing Ed u ca tion at trac tive to young peo ple. To in crease 
the tech no log i cal in ter ests and abil i ties at schools.
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• To strengthen the so cial im pact of our Acad emy. To raise the aware ness 
of the Acad emy amongst en gi neers, gov ern ment, in dus try and the gen -
eral pub lic and to in crease the mu tual in ter ac tion. Dis sem i na tion of the 
im por tance of the pres ent tech nol o gies.

In ad di tion, high level is sues of con cern re late to:

• Nanotechnologies

• Sus tain able In fra struc tures

• Ac tions to help the pub lic un der stand sci ence and tech nol ogy

• Pro mote more ac tive in ter ac tions with mass me dia

• Health en gi neer ing

• Se cu rity en gi neer ing

• En gi neer ing so lu tions to in crease the qual ity of life in poor coun tries

• Ac tions to fos ter en gi neer ing in no va tion

Ø Swit zer land, SATW

The guide lines of all ac tiv i ties of SATW are

– pro vid ing fore sight to so ci ety-rel e vant sub jects in the fields of ed u ca -
tion, re search and tech nol ogy

– fos ter ing eth i cal-based re spon si bil ity in deal ing with sci en tific knowl -
edge, es pe cially in the field of tech nol ogy

– ad vanc ing the di a logue be tween sci ence, es pe cially en gi neer ing sci -
ences, and pol i tics and so ci ety.

An is sue of per ma nently high pri or ity of SATW is mo ti vat ing peo ple, es -
pe cially the young gen er a tion, to better un der stand tech nol ogy in or der
to be able to rec og nize its im per a tive to over come global ex is ten tial prob -
lems like global warm ing, en ergy and re source cri sis etc.

In more de tails the is sues of con cern of SATW in 2009 are the fol low ing:

1. Sup port ing ef forts for highly ef fi cient pro duc tion, tran si tion, use, and
re cy cling of ma te ri als and en ergy.

2. Fos ter ing new ap proaches to wards sus tain able mo bil ity.

3. Fos ter ing the com pre hen sion of en gi neer ing and tech nol ogy within
so ci ety, aim ing in par tic u lar to mo ti vate young sters and their teach ers 
to deal with tech nol ogy and to rec og nize its rel e vance for the so ci ety.
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4. En cour age ment of knowl edge trans fer be tween re search and in dus try 
in the pre-com pet i tive phase in or der to more ef fec tively ex ploit the
mar ket po ten tial of re search find ings.

5. Pro mo tion of eth ics and in teg rity in sci ence and tech nol ogy.

6. Fos ter ing broad ap pli ca tion of in for ma tion and com mu ni ca tion tech -
nol o gies (ICT) es pe cially in the health care sys tem and the ed u ca tion
sys tem. Ad vanc ing the com puter lit er acy of so ci ety in gen eral.

7. In ves ti gat ing and com mu ni cat ing the chances and risks of new tech -
nol o gies, in par tic u lar bio-tech nol ogy (syn thetic bi ol ogy, green bi ol ogy
and bio-fu els) and nanotechnology, and their de vel op ment – to gether
with ICT – to wards con verg ing tech nol o gies.

8. Aug ment ing the ef fec tive ness of our ac tiv i ties as well as their per cep -
tion in the pub lic, es pe cially with pol i tics.

9. Fos ter ing the re la tions to and col lab o ra tions with sis ter acad e mies in
Swit zer land and abroad.

Ø United King dom, RAEng

The Acad emy’s main is sues of con cern are set out in the Stra te gic Plan
2005–2010. This de fines the Acad emy’s Stra te gic Ob jec tives as be ing:

• To en gage more ef fec tively with the pub lic and the pub lic pol icy pro cess

• To at tract more peo ple to a wider range of en gi neer ing ca reers

• To en hance the con tri bu tion of en gi neer ing to rais ing the UK’s in no va -
tion per for mance

• To strengthen the Acad emy and its abil ity to make an im pact.

The Acad emy works to wards these ob jec tives by struc tur ing its ac tiv i ties
around three pri or i ties: to en hance the UK’s en gi neer ing ca pa bil i ties, to
re cog nise ex cel lence and in spire the next gen er a tion and to lead de bate
by guid ing in formed think ing and in flu enc ing pub lic pol icy.

In ad di tion, the Pres i dent of The Royal Acad emy of En gi neer ing, Lord
Browne, has set out the fol low ing pri or ity ar eas for his five year term of
of fice, which runs from 2006 to 2011:

• En ergy and cli mate change

• Pov erty re duc tion

• Health and well-be ing

• Ed u ca tion

• In fra struc ture
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Ø United States, NAE

Sys tems En gi neer ing and Fi nan cial Reg u la tion

In re cent years, the Fed eral Re serve has been work ing to tran si tion from
a su per vi sory re gime that is fo cused on the health of in di vid ual fi nan cial
in sti tu tions to one that fo cuses on the health of mar kets. This tran si tion
is in com plete, and in fact no one re ally knows how to reg u late the sys -
temic risks that char ac ter ize fi nan cial mar kets. The need for fresh think -
ing was cap tured in a 2007 NRC re port, New Di rec tions for Un der stand -
ing Sys temic Risk.

The on go ing stresses that be gan last sum mer – which are re ferred to as
the sub-prime credit cri sis – have em pha sized the need for a better un -
der stand ing of sys temic risks and mar ket be hav iors. The ram i fi ca tions of
the sub-prime credit cri sis have been more se vere than might have been
pre dicted orig i nally. The se ver ity of the re sponse has been traced to fac -
tors such as a surge of new fi nan cial prod ucts over the past de cade and a
ma jor shift to ward in vest ing out side of the tra di tional bank ing sys tem
(and there fore be yond the con trol of the Fed eral Re serve Sys tem). The
be hav iors of some mar kets dur ing the cri sis (e.g., the spreads be tween of -
fer ing and sell ing prices) have also been con trary to what had been seen
dur ing pre vi ous sys temic events, such as those in 1997-98.

The Fed eral Re serve, De part ment of the Trea sury, and Con gress are all
grap pling with how to re spond to the les sons learned from this cri sis. On
June 9, 2008, Tim o thy Geithner, Pres i dent of the Fed eral Re serve Bank
of New York, gave a speech at The Eco nomic Club of New York in which
he out lined his vi sion of how the fi nan cial reg u la tory sys tem must evolve. 
He as serted that “the se ver ity and com plex ity of this cri sis makes a com -
pel ling case for a com pre hen sive re as sess ment of how to use reg u la tion to 
strike an ap pro pri ate bal ance be tween ef fi ciency and sta bil ity . It is go ing 
to re quire sig nif i cant changes to the way we reg u late and su per vise fi -
nan cial in sti tu tions, changes that go well be yond ad just ments to some of
the spe cific cap i tal charges in the ex ist ing cap i tal re quire ment re gime for
banks.” He later said “This cri sis gives us the op por tu nity to bring about
fun da men tal change in the di rec tion of a more stream lined and con sol i -
dated sys tem with more clar ity around re spon si bil ity for the pru den tial
safe guards in the sys tem.”

Geithner made the case for the Fed eral Re serve Sys tem to have su per vi -
sory au thor ity not only over its tra di tional in sti tu tions, but also over
 existing mar kets and over new types of in sti tu tions, mar kets, and
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 instruments. The Fed eral Re serve, Trea sury, and Con gress are pro ceed -
ing with ef forts to con struct that au thor ity. It seems likely that some
struc tural and pol icy changes will be put in ef fect over the next 6-12
months. Those changes, while ma jor, are es sen tially pol icy de ci sions, and
they will pro ceed with out Acad e mies in put.

But it is not clear how the reg u la tory sys tem will go about build ing up
the ca pa bil i ties for an a lyz ing and con trol ling the sys temic risks. Not
enough re search has been con ducted on this topic, and the Acad e mies
might play a role in (a) iden ti fy ing ap pro pri ate re search di rec tions (al -
beit, only af ter the most im por tant ques tions have been iden ti fied), (b)
iden ti fy ing rel e vant con cepts and meth ods from other fields that might
be adapted to reg u la tion of the fi nan cial sys tem, (c) mak ing an un bi ased
as sess ment of the scale of re search that is re quired (which can not be ar -
gued well by the Fed eral Re serve, which con ducts much of the rel e vant
re search), and (d) build ing the broader re search com mu nity that is nec es -
sary.

Some sys tems en gi neers have ex pe ri ence in the de sign, anal y sis, and con -
trol of sys tems as com plex as that which the Fed eral Re serve must reg u -
late. Yet there is very lit tle over lap be tween the sys tems en gi neer ing and
fi nan cial reg u la tory com mu ni ties. There would be value in cross-fer til iza -
tion, and we are ex plor ing how the ex pe ri ence of some sys tems en gi neers
can di rectly as sist the fi nan cial reg u la tory com mu nity in ad dress ing new
sys tems chal lenges. The fol low ing ques tions are ap pro pri ate to ad dress:

• What are some of the chal lenges to de vel op ing the an a lyt i cal and con -
trol ca pa bil i ties en vi sioned by the Fed eral Re serve?

• Would there be value in im prov ing the level of in ter ac tion be tween the
sys tems en gi neer ing and fi nan cial reg u la tory com mu ni ties?

• If so, what are the in tel lec tual ar eas where an im proved in ter face would 
pro vide value?

• What are some ex ist ing, or de vel op ing, meth ods that could en able
better un der stand ing and con trol of sys temic risk in fi nan cial mar kets?
These might in clude agent-based mod el ing, evo lu tion ary eco nom ics,
and hi er ar chies of mod els, for ex am ple.

• How might the NAE work to im prove this in ter face?
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Euro-CASE 2009

Euro–CASE (The Eu ro pean Coun cil of Ap plied Sci ences and En gi neer -
ing), founded in 1993, is an in de pend ent non-profit or ga ni za tion of na -
tional acad e mies of en gi neer ing, ap plied sci ences and tech nol ogy from 21
Eu ro pean coun tries. Upon the in vi ta tion to Croatia to join the Eu ro pean
Un ion in 2005, the Cro atian Acad emy of En gi neer ing, founded in 1993,
be came 21st as so ci ate mem ber of Euro-CASE, as a non-mem ber coun try
of the EU.

Last year ac tiv i ties of Euro-CASE were marked by two ma jor events:

• Euro-CASE Board Meet ing n° 34, Paris, France, May 12, 2009

• Euro-CASE Board Meet ing n° 35, Stock holm, Swe den, No vem -
ber 6, 2009

(pre ceded a day be fore by a one day meet ing – 2nd Euro-CASE An nual
Con fer ence 2009 en ti tled “In creas ing In ter est for Higher Ed u ca tion in
Math e mat ics, Sci ence & Tech nol ogy”)

For the Cro atian Acad emy of En gi neer ing the meet ing in Paris has been
of ut most im por tance. Due to the ac tiv i ties of the Acad emy and at the in -
cen tive of the then pres i dent of the Acad emy, the Stat ute of Euro-CASE
was changed at the Euro-CASE Board Meet ing in Paris on May 12th,
2009 hav ing en abled the Acad emy to be come full mem ber of Euro-CASE,
even be fore Croatia it self ac quired full mem ber ship in the Eu ro pean Un -
ion. The Cro atian Acad emy of En gi neer ing re ceived unan i mous sup port
of the Board mem bers and be came 21st full mem ber of Euro-CASE as the 
only non-mem ber coun try of the EU. Pres i dent of the Acad emy Prof.
Zlatko Kniewald, Ph.D. and vice pres i dent Prof. Stanko Tonkoviæ, Ph.D.
at tended the cer e mony.

Both CAETS and Euro-CASE have sup ported the cel e bra tion of the
300th an ni ver sary of the birth of Rugjer Boskovic, the or ga ni za tion of
which has been en trusted to the Cro atian Acad emy of En gi neer ing by the 
Min is try of Sci ence, Ed u ca tion and Sports of the Re pub lic of Croatia, and 
agreed to be its pa trons. Un for tu nately, the sug ges tion of the Acad emy to
hold Euro-CASE 2011 Meet ing in Zagreb dur ing the cel e bra tion has not
been ac cepted.

More de tails about these events can be found be low.
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Dear Board mem bers,

At the re quest of Zlatko Kniewald in Lon don on 4 No vem ber 2008 to
Lena Treschow Torell, the Ex ec u tive Com mit tee mem bers who met on 3
Feb ru ary 2009 agreed to pro pose to the Board mem bers the full mem ber -
ship for the Cro atian Acad emy. The ar ti cles 3 and 10 of the Ar ti cles of As -
so ci a tion (ver sion Jan u ary 2004) which re fer to mem ber ship and amend -
ments need to be mod i fied and adopted by the Board.

Please find at tached a pro posal for up dated Ar ti cles of as so ci a tion.

ARTICLE 3 – MEMBERSHIP

3.1. Full Mem ber ship. Ap pli ca tions for Full Mem ber ship from or gani sa -
tions in EU or EFTA coun tries will be con sid ered by the Board of
Euro-CASE which may ap prove the ap pli ca tion if it con forms to the fol -
low ing cri te ria:

3.1.1. The ap pli cant is re cog nised as the sin gle na tional acad emy or
equiv a lent qual i fied or gani sa tion rep re sent ing en gi neer ing or ap plied sci -
ences in that coun try, and is ac tively en gaged in the pro mo tion of ap plied
sci ences, tech nol ogy and en gi neer ing.

3.1.2. The ap pli cant can dem on strate that it is in de pend ent of gov ern -
men tal or other ex ter nal con trol.

3.1.3. The ap pli cant is ac tive, has ac cess to the ex perts in that coun try,
agrees to con trib ute to the work of Euro-CASE, and is ca pa ble of deal ing
promptly with the Euro-CASE head quar ters in Paris over rou tine busi -
ness.

3.1.4. The ap pli cant agrees to abide by the Ar ti cles of As so ci a tion and the 
Rules of Pro ce dure cur rent at the time of ad mis sion.

3.1.5. The ap pli cant agrees to pay a join ing fee in the year of join ing and
an an nual mem ber ship fee there af ter in ac cor dance with the Rules of
Pro ce dure.

3.2. As so ci ate Mem ber ship. Acad e mies from states on the Eu ro pean Un -
ion’s List of Can di date Coun tries may ap ply for As so ci ate Mem ber ship of
Euro-CASE pro vid ing that they meet the cri te ria in ar ti cles 3.1.1 to 3.1.5. 
As so ci ate Mem bers pay a re duced an nual sub scrip tion to be de cided by
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the Euro-CASE Board, and do not have a vote on the Board, but at tend
its meet ings. An As so ci ate Mem ber acad emy will nor mally be come a Full
Mem ber of Euro-CASE when its par ent state be comes a full mem ber of
the Eu ro pean Un ion.

3.3. Ap pli ca tions for full or as so ci ate mem ber ship of Euro-CASE should
be made in writ ing to the Paris head quar ters, to gether with a copy of the
ap pli cant’s stat utes, pro cess for elect ing new mem bers, list of cur rent
mem bers, copy of the lat est an nual re port and ac counts for the past two
years, and its re cord of rel e vant ac tiv i ties over a sim i lar pe riod.

3.4. The de ci sion to ad mit a new Mem ber or As so ci ate Mem ber acad emy
will rest solely with the Board of Euro-CASE, based on a rec om men da -
tion of the Ex ec u tive Com mit tee fol low ing con sul ta tion with the Mem -
ber ship Com mit tee.

3.5. Any mem ber-body de sir ing to with draw from Euro-CASE must give
prior no tice of res ig na tion by reg is tered let ter ad dressed to the Sec re tar -
iat at least six months be fore the end of a fi nan cial year and will con trib -
ute its share in any def i cit re sult ing from the year’s ac tiv i ties.

ARTICLE 10 – AMENDMENTS

10.1. Any pro posed amend ments to these Ar ti cles of As so ci a tion shall be
con sid ered by the Board only if there is a quo rum pres ent rep re sent ing at 
least two thirds of the mem ber-bod ies. Mem bers of the Board or al ter -
nates not pres ent may vote by proxy. It shall re quire a vote in fa vour rep -
re sent ing at least two thirds of the mem ber-bod ies for any amend ment to 
be car ried.

10.2. All mem ber-bod ies shall be in formed at least two months be fore any 
amend ment is con sid ered by the Ex ec u tive Board.
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Eu ro pean Coun cil of Ap plied Sci ences,
Tech nol o gies and En gi neer ing

Euro-CASE Vi sion 2020: 2nd draft

Euro-CASE is the Eu ro pean Con sor tium of 21 Na tional Acad e mies of En -
gi neer ing, Ap plied Sci ences and Tech nol ogy.

By 2020, Euro-CASE will be the voice of Eu ro pean ex cel lence in En gi -
neer ing, Ap plied Sci ences and Tech nol ogy.

It will fa cil i tate net work ing and ex change of ideas among the na tional en -
gi neer ing acad e mies and their mem bers- 6000 of the most em i nent en gi -
neers in Eu rope- and de liver ev i dence-based pol icy ad vice on key Eu ro -
pean is sues to a range of EU stake holders, in clud ing the Eu ro pean Com -
mis sion and Par lia ment.

Euro-CASE will de rive its cred i bil ity and its unique po si tion in Eu rope
from the range of ex per tise and qual ity of in puts pro vided by its mem ber
acad e mies.

What shape will Euro-CASE take in 2020?

• Euro-CASE will con tinue to be a com mer cially and po lit i cally in de pend -
ent non-profit con sor tium rep re sent ing its mem ber acad e mies in the
Eu ro pean arena.

• Euro-CASE will draw upon the re sources of its mem ber acad e mies to
pro duce pol icy ad vice for a range of EU stake holders.

• Euro-CASE will be a think tank of Eu ro pean stat ure in the field of En -
gi neer ing, Ap plied Sci ences and Tech nol ogy.

Who will Euro-CASE work with in 2020?

• Euro-CASE will be a part ner of Eu ro pean in sti tu tions (es pe cially the
Eu ro pean Com mis sion and Par lia ment, EIT) and will seek to in form
EU-po si tions on rel e vant is sues in in ter na tional fora.
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• Euro-CASE will be the nat u ral part ner of in ter na tional or gani sa tions
and acad e mies who wish to en gage with en gi neer ing ex cel lence in Eu -
rope.

• Euro-CASE will co-op er ate with other Eu ro pean stake holders, if
there is a need, or if this co op er a tion strength ens the ac tiv i ties of
Euro-CASE.

• Euro-CASE will seek pro ject ori ented fund ing for spe cific ac tiv i ties
from the Eu ro pean Un ion, other Eu ro pean In sti tu tions and pos si bly
from in dus try.

What ar eas will Euro-CASE fo cus on in 2020?

• Euro-CASE will con cen trate on the ma jor chal lenges fac ing Eu rope.

• Euro-CASE will en gage in shap ing pol icy at an early stage on the Eu ro -
pean level on as pects of En gi neer ing, Ap plied Sci ences, Tech nol ogy and
En gi neer ing Ed u ca tion.

• Euro-CASE will pro mote at ten tion to ex cel lence in En gi neer ing, Ap -
plied Sci ences and Tech nol ogy.

• Euro-CASE will help im prove pub lic un der stand ing of en gi neer ing and
tech nol ogy by pro vid ing clear, in de pend ent and bal anced ad vice on
tech no log i cal is sues and their im pact on so ci ety and the en vi ron ment.

• Euro-CASE will sup port all ef forts to de velop ad vanced tech nol o gies in
or der to strengthen Eu rope’s po si tion as the lead ing in no va tion lo ca tion 
in the world.

• Euro-CASE will pro mote en gi neer ing as a ca reer to young Eu ro pe ans.
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Part III

Who is Who
in

the Cro atian Acad emy
of En gi neer ing





Pres i dency of the Cro atian Acad emy of En gi neer ing

The mem bers of the Pres i dency of the Cro atian Acad emy of En gi neer ing
are mem bers of the Gov ern ing Board, Sec re tar ies of the De part ments,
Chairs of the Stand ing Com mit tees and Heads of the Centers.

Mem bers of the Gov ern ing Board

– Prof. Stanko Tonkoviæ, PhD., Pres i dent of the Cro atian Acad emy of
 Engineering

– Prof. Miljenko Lapaine, PhD., Vice-Pres i dent

– Prof. Vilko Žiljak, PhD., Vice-Pres i dent

– As sist. Prof. Goran Graniæ, PhD., Sec re tary-Gen eral

– Prof. emer. Zlatko Kniewald, PhD., Past-Pres i dent

Sec re tar ies of the De part ments

– Prof. Franjo Joviæ, PhD., Sec re tary of the De part ment of Sys tems and
Cy ber net ics

– Prof. Tihomir Jukiæ, PhD., Sec re tary of the De part ment of Ar chi tec ture 
and Ur ban Plan ning

– Prof. Krešimir Fertalj, PhD., Sec re tary of the De part ment of In for ma -
tion Sys tems

– Prof. Sonja Grgiæ, PhD., Sec re tary of the De part ment of Com mu ni ca -
tion Sys tems

– Prof. Nikola Èavlina, PhD., Sec re tary of the De part ment of Power Sys -
tems

– Prof. Vesna Cerovac, PhD., Sec re tary of the De part ment of Trans port

– Prof. Damir Medak, PhD., Sec re tary of the De part ment of Civil En gi -
neer ing and Ge od esy

– Prof. Vladi mir Medica, PhD., Sec re tary of the De part ment of Me chan i -
cal En gi neer ing and Na val Ar chi tec ture

– Prof. Ratimir Žanetiæ, PhD., Sec re tary of the De part ment of Chem i cal
En gi neer ing

– Prof. Zdravko Hebel, PhD., Sec re tary of the De part ment of Elec tri cal
En gi neer ing and Elec tron ics

– Prof. Jasna Franekiæ, PhD., Sec re tary of the De part ment of Bioprocess
En gi neer ing
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– Prof. Miroslav Gojo, PhD., Sec re tary of the De part ment of Graph i cal
En gi neer ing

– Prof. Josip Èrnko, PhD., Sec re tary of the De part ment of Min ing and
Met al lurgy

– Prof. Dubravko Rogale, PhD., Sec re tary of the De part ment of Tex tile
Tech nol ogy

Chairs of the Stand ing Com mit tees

– Prof. Franjo Joviæ, PhD., Chair man of the Com mit tee for Eth ics

– Prof. emer. Zlatko Kniewald, PhD., Chair man of the Foun da tion
 Committee

– Prof. Vladi mir Medved, PhD., Chair man of the Com mit tee for In ter na -
tional Co op er a tion

– Prof. Ðurða Vasiæ-Raèki, PhD., Chair man of the Com mit tee for Awards

– Prof. Jure Radiæ, PhD., Chair man of the Com mit tee for Eco nomic and
Re gional Co op er a tion

Heads of the Cen ters

– Prof. Juraj Božièeviæ, PhD., Head of the Cen ter for De vel op ment Stud -
ies and Pro jects

– Prof. emer. Zlatko Kniewald, PhD., Head of the Biotechnical Cen ter

– Prof. Miljenko Lapaine, PhD., Head of the Cen ter for Geoinformation
and Car tog ra phy

– Prof. Ðurða Vasiæ-Raèki, PhD., Head of the Cen ter for En vi ron men tal
Pro tec tion and De vel op ment of the Sus tain able Tech nol ogy

– Prof. Tomislav Filetin, PhD., Head of the Cen ter for Life long Ed u ca tion

– Prof. Vilko Žiljak, PhD., Head of the Cen ter for Graph i cal En gi neer ing

– Prof. Nenad Dujmoviæ, PhD., Head of the Cen ter for Traf fic En gi neer ing
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Afriæ, Winton, As sist. Prof. PhD.
Born: 1956
De part ment of Com mu ni ca tions Sys tems,
Col lab o rat ing Mem ber (2007)
University Centre for Professional Studies, University of Split
Livanjska 5. 21000 Split
+385 21 393202,
e-mail: wafric@oss.unist.hr
Ra dio Com mu ni ca tions FWA, Mo bile Com mu ni ca tions

Agiæ, Darko, Assoc. Prof. PhD.
Born: 1947
De part ment of Graph i cal En gi neer ing, 
Col lab o rat ing Mem ber (2004)
Uni ver sity of Zagreb, Fac ulty of Graphic Arts,
Getaldiæeva 2, 10000 Zagreb
+385 1 2371080, fax +385 1 2371077,
e-mail: darko.agic@grf.hr, http://re pro.grf.hr
Graphic Tech nol ogy, Screen ing Sys tems, Re pro duc tion of
Pic ture In for ma tion and Color Man age ment in the Area of
Print ing Sci ence and Graphic Com mu ni ca tion

Ahiæ-Ðokiæ, Melita, Prof. PhD.
Born: 1948
De part ment of Com mu ni ca tion Sys tems,
Cor re spon dent Mem ber (2007)
Uni ver sity of Sarajevo, Fac ulty of Elec tri cal En gi neer ing,
Zmaja od Bosne bb, 71000 Sarajevo, Re pub lic of Bosnia and
Herzegovina
+ 387 33250750, fax: +387 33250725,
e-mail: melita.ahic-djokic@etf.unsa.ba, amelita@etf.unsa.ba
Sig nal Pro cess ing, Dig i tal Sys tems De sign, Au to matic Con trol 
Sys tems 

Alfireviæ, Ivo, Prof. PhD. (re tired)
Born: 1939
De part ment of Me chan i cal En gi neer ing and Na val
Ar chi tec ture,
Mem ber Emer i tus (2009)
Uni ver sity of Zagreb, Fac ulty of Me chan i cal En gi neer ing and 
Na val Ar chi tec ture, Ivana Luèiæa 5, 10000 Zagreb
+385 1 6168944, +385 1 6168222, fax: +385 1 6156940, 
e-mail: ivo.alfirevic@fsb.hr
Con tin uum Me chan ics, Me chan ics of Sol ids, Orthotropic
Ma te ri als, Ex per i men tal Stress Anal y sis, Struc tural Anal y sis, 
Orthotropic Struc tures
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Andrassy, Maja, Prof. PhD.
Born: 1946
Department of Textile Technology,
Collaborating Member (2009)
University of Zagreb, Faculty of Textile Technology,
Prilaz baruna Filipoviæa 28a, 10000 Zagreb
+385 1 3712566, fax: +385 1 3712599
e-mail: maja.andrassy@ttf.hr
Textile Fibers, Textile Materials, Fiber Science, Recycling
And Restoration Of Textile Materials

Andrašec, Marijan, PhD.
Born: 1942
Mem ber Ami cus (2002)
State In sti tute for Mea sure ments, Ulica grada Vukovara 78,
10000 Zagreb
+385 1 6106320, fax: +385 1 6109320,
e-mail: ured.ravnatelja@dznm.hr,
marijan.andrasec@zg.t-com.hr
Biofuels and Com bus tion, Chem i cal Pro cesses De sign,
Pet ro chem i cals and In dus trial Chem i cals, Gas Net works,
Pro cess Eco nom ics (Ed u ca tion), Biofuels, High-tech Start-up
Com pa nies

Androèec, Vladi mir, Prof. PhD.
Born: 1946
De part ment of Sys tems and Cy ber net ics, 
As so ci ate Mem ber (1994)
Uni ver sity of Zagreb, Fac ulty of Civil En gi neer ing, Savska
cesta 16/3, 10000 Zagreb
+385 1 4864440/440, fax: +385 1 4864450, 
e-mail: androcec@grad.hr
Fluid Me chan ics, Hy drau lics, Hy drau lics En gi neer ing,

Androiæ, Boris, Prof. PhD.
Born: 1944
De part ment of Civil En gi neer ing and Ge od esy, 
As so ci ate Mem ber (1998)
Uni ver sity of Zagreb, Fac ulty of Civil En gi neer ing, Kaèiæeva
26, 10000 Zagreb
+385 1 4561202, +385 1 4561222, fax: +385 1 4561202, 
e-mail: androiæ@grad.hr
Steel Struc tures, Re li abil ity En gi neer ing, Fa tigue, Thin
Walled Struc tures, Com pos ite Struc tures, De sign of Steel
Struc tures, Du ra bil ity of Bridges, Re li abil ity of Struc tures
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Anièiæ, Dražen, Prof. PhD.
Born: 1940
De part ment of Civil En gi neer ing and Ge od esy, 
Full Mem ber (1993)
retired
+385 1 6152280, +385 91 7697653
e-mail: drazen.anicic@xnet.hr
Structural En gi neer ing, Earth quake En gi neer ing, Ma sonry
Struc tures, Struc ture Testing

Anžek, Mario, Prof. PhD
Born: 1945
De part ment of Trans port,
Col lab o rat ing Mem ber (2007)
Uni ver sity of Zagreb, Fac ulty of Trans port and Traf fic
En gi neer ing, Vukeliæeva 4, 10000 Zagreb
+385 1 2380213, fax: +385 1 2314415,
e-mail: mario.anzek@fpz.hr
Telematics Tech nol ogy

Auf-Franiæ, Hildegard, Prof. PhD.
Born: 1941
De part ment of Ar chi tec ture and Ur ban Plan ning, 
Full Mem ber (1998)
Uni ver sity of Zagreb, Fac ulty of Ar chi tec ture, Kaèiæeva 26,
10000 Zagreb
+385 1 4639263, +385 1 4639264, fax: +385 1 4828079, 
e-mail: hauf@arhitekt.hr
Ar chi tec ture, Build ings for Ed u ca tion

Babiæ, Darko, Assoc. Prof. PhD.
Born: 1948
De part ment of Graph i cal En gi neer ing, 
Col lab o rat ing Mem ber (2000)
Uni ver sity of Zagreb, Fac ulty of Graphic Arts, Getaldiæeva 2,
10000 Zagreb
+385 1 2371080, fax: +385 1 2371077, 
e-mail: babic@grf.hr
Graphic Tech nol ogy, Fin ish ing Pro cesses, Er go nom ics,
Qual ity Con trol, Graphic Pack ag ing De sign and Pro duc tion,
Book De sign and Pro duc tion
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Baletiæ, Bojan, As sist. Prof. PhD.
Born: 1957
De part ment of Ar chi tec ture and Ur ban Plan ning, 
Col lab o rat ing Mem ber (1998)
Uni ver sity of Zagreb, Fac ulty of Ar chi tec ture, Kaèiæeva 26,
10000 Zagreb
+385 1 4561222, fax: +385 1 4828079, 
e-mail: bojan.baletic@arhitekt.hr
Ar chi tec ture and Ur ban ism, Com puter Ap pli ca tion in
Ar chi tec ture, Hous ing De sign, So lar Ar chi tec ture

Ban, Drago, Prof. PhD.
Born: 1939
De part ment of Elec tri cal En gi neer ing and Elec tron ics, 
Full Mem ber (1994)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129673, +385 1 6129770, +385 1 6129999, fax:
+385 1 6170207, +385 1 6170007,
e-mail: drago.ban@fer.hr
Power En gi neer ing, Elec tri cal Ma chines and Drives,
De vel op ment and Ap pli ca tion of Elec tri cal Ma chines and
Drives, Ed u ca tion

Bartoliæ, Juraj, Prof. PhD.
Born: 1948
De part ment of Com mu ni ca tion Sys tems, 
Full Mem ber (1998)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129663, +385 1 6129999, fax: +385 1 6129717,
+385 1 6170007, 
e-mail: juraj.bartolic@fer.hr, http://www.rc.fer.hr/bartolic/
Mi cro wave En gi neer ing, An ten nas, Electromagnetics,
Wire less Com mu ni ca tions

Bašiæ, Tomislav, Prof. PhD.
Born: 1956
De part ment of Civil En gi neer ing and Ge od esy, 
Col lab o rat ing Mem ber (2004)
Uni ver sity of Zagreb, Fac ulty of Ge od esy, Kaèiæeva 26, 10000 
Zagreb
+385 1 4639237, fax: +385 1 4828081, 
e-mail: tomislav.ba sic@geof.hr, http://www.geof.hr/~tbasic/
State Sur vey, Phys i cal Ge od esy
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Bauk, Antun, MSc. (re tired)
Born: 1939
Mem ber Ami cus (2002)
INA – Naftaplin d.d., Šubiæeva 29, 10000 Zagreb
+385 1 4592150, fax: +385 1 4593063, 
e-mail: antun.bauk@ina.hr
Pe tro leum En gi neer ing, Fluid Flow Through Po rous Me dia,
Oil and Gas Res er voir En gi neer ing, Un der ground Gas
Stor age

Bedekoviæ, Gordan, Assist. Prof. PhD.
Born: 1967
Department of Mining and Metallurgy
Collaborating Member (2009)
Uni ver sity of Zagreb, Faculty of Mining, Geology and
Petroleum Engineering, Pierottijeva 6, 10002 Zagreb
+385 1 5535 861, fax: +385 1 5535 860
e-mail: gordan.bedekovic@rgn.hr
Mineral Processing, Environmental Protection, Solid Waste
Recycling

Begušiæ, Dinko, Prof. PhD.
Born: 1960
Department of Information Systems
Collaborating Member (2009)
Universtity of Split, Fac ulty of Elec tri cal En gi neer ing,
Me chan i cal En gi neer ing and Na val Ar chi tec ture,
R. Boskovica bb, 21000 Split
+385 21 305 777, fax: +385 21 463 877
e-mail: begusic@fesb.hr
Information and communication technologies and systems,
Signal processing

Benèiæ, Zvonko, Prof. PhD.
Born: 1940
De part ment of Elec tri cal En gi neer ing and Elec tron ics, 
Full Mem ber (1993)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129716, +385 1 6129999, fax: +385 1 6170207, 
+385 1 6170007, 
e-mail: zvonko.bencic@fer.hr
Power Elec tron ics, Semi con duc tor De vices, Pro fes sional
Com mu ni ca tion, Ed it ing
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Berberoviæ, Sead, Prof. PhD.
Born: 1953
De part ment of Elec tri cal En gi neer ing and Elec tron ics, 
As so ci ate Mem ber (1994)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129629, +385 1 6129999, fax: +385 1 6170007,
+385 1 6129616, 
e-mail: sead.berberovic@fer.hr
Elec tro mag netic Field The ory, Nu mer i cal Field Com pu ta tion, 
Cal cu la tion of Ground ing Sys tems, De sign of Elec tri cal
Ma chines

Beroš, Slobodan, Assoc. Prof. PhD.
Born: 1945
De part ment of Sys tems and Cy ber net ics, 
Col lab o rat ing Mem ber (2000)
Uni ver sity of Split, Fac ulty of Elec tri cal En gi neer ing,
Me chan i cal En gi neer ing and Na val Ar chi tec ture, Ruðera
Boškoviæa bb, 21000 Split
+385 21 305611, fax: +385 21 463877, 
e-mail: slobodan.beros@fesb.hr
Sig nal Pro cess ing, Sig nal Mod el ing, Elec tronic Cir cuits

Beslaæ, Jovo, Prof. PhD. (re tired)
Born: 1935
Mem ber Emer i tus (2000)
Civil En gi neer ing In sti tute of Croatia, Janka Rakuše 1,
10000 Zagreb
+385 1 6125102, fax: +385 1 6125100, 
e-mail: jovo.beslac@igh.hr
Win ter Con cret ing, Rapid Hard en ing of Con crete, Du ra bil ity
of Con crete, High Qual ity of Con crete, Re pair of Con crete
Struc tures, Prop er ties of Con crete, Con crete Tech nol ogy,
Re al iza tion of Con crete Struc tures, Du ra bil ity of Con crete
Struc tures

Biondiæ, Božidar, Prof. PhD.
Born: 1940
De part ment of Civil En gi neer ing and Ge od esy, 
As so ci ate Mem ber (1994)
Uni ver sity of Zagreb, Fac ulty of Geotechnical En gi neer ing,
Varaždin, Hallerova aleja 7, 42000 Varaždin
+385 42 212228, fax: +385 42 313587, 
e-mail: bbiondic@usa.net
Hydrogeology and En gi neer ing Ge ol ogy, Karst Wa ter
Pro tec tion, New Po ta ble Wa ter Re sources, Wa ter
Man age ment, En gi neer ing Geo log i cal Re search for
Infrastructural Ob jects
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Bjegoviæ, Dubravka, Prof. PhD.
Born: 1945
De part ment of Civil En gi neer ing and Ge od esy, 
Col lab o rat ing Mem ber (1994)
Uni ver sity of Zagreb, Fac ulty of Civil En gi neer ing, Kaèiæeva
26, 10000 Zagreb
+385 1 4639255, fax: +385 1 4639206, 
e-mail: dubravka@grad.hr
Civil En gi neer ing, Ma te rial Cor ro sion, Du ra bil ity of
Re in forced Con crete Struc tures, Non-de struc tive Test ing of
Con crete in Struc tures, Pre cast Con crete, Con crete
Tech nol ogy, Cor ro sion Pro tec tion, Cor ro sion In hib i tors,
Du ra bil ity of Re in forced Con crete

Bogdan, Željko, Prof. PhD.
Born: 1949
De part ment of Power Sys tems, 
Full Mem ber (2009)
Uni ver sity of Zagreb, Fac ulty of Me chan i cal En gi neer ing and 
Na val Ar chi tec ture, Ivana Luèiæa 5, 10000 Zagreb
+385 1 6168944, +385 1 6168222, fax: +385 1 6156940, 
e-mail: zeljko.bogdan@fsb.hr
Math e mat i cal Mod el ing, Sim u la tion and Op ti mi za tion of
Thermo-hy drau lic Pro cesses in Power Equip ment, Ther mal
Power Plants

Bogunoviæ, Nikola, Prof. PhD.
Born: 1944
De part ment of In for ma tion Sys tems, 
Full Mem ber (2009)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129721, fax: +385 1 6129653, 
e-mail: Nikola.Bigunovic@fer.hr, nikolabo@zemris.fer.hr
Ar ti fi cial In tel li gence, For mal Meth ods in the De sign of
Com put ing Sys tems, Knowl edge Elic i ta tion from Data,
In tel li gent Com puter Based Sys tems, For mal Mod els of
Com plex Sys tems, Pro cess Mod el ing

Bolanèa, Matko, MD.
Born: 1967
Mem ber Ami cus (2005)
Pliva Hrvatska d.o.o., Ulica grada Vukovara 49, 10000
Zagreb
+385 1 6120880, fax: +385 1 6160486,
e-mail: matko.bolanca@pliva.hr
Ap plied Bio tech nol ogy, Sus tain able De vel op ment
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Bolanèa, Stanislav, Prof. PhD.
Born: 1946
De part ment of Graph i cal En gi neer ing, 
As so ci ate Mem ber (1998)
Uni ver sity of Zagreb, Fac ulty of Graphic Arts, Getaldiæeva 2,
10000 Zagreb
+385 1 2371073, +385 1 2371080, fax: +385 1 2317077, 
e-mail: stanislav.bolanca@grf.hr, sbolanca@grf.hr
Graphic Arts Tech nol ogy, Print ing Tech nol ogy, Ma jor
Print ing Tech niques, Dig i tal Print ing

Bolanèa, Zdenka, Prof. PhD.
Born: 1945
De part ment of Graph i cal En gi neer ing, 
Full Mem ber (1998)
Uni ver sity of Zagreb, Fac ulty of Graphic Arts, Getaldiæeva 2,
10000 Zagreb
+385 1 2371073, +385 1 2371080, fax: +385 1 2371077, 
e-mail: zdenka.bolanca@grf.hr, zbolanca@grf.hr
Graphic Tech nol ogy, Eco log i cal En gi neer ing, Eco log i cal
En gi neer ing in Graphic Tech nol ogy, Pa per Re cy cling,
Chem i cal and En zy matic De-ink ing, Me trol ogy and
En vi ron ment, Elec tro chem is try of Alu minum

Bonefaèiæ, Davor, Assoc. Prof. PhD.
Born: 1968
De part ment of Com mu ni ca tion Sys tems, 
Col lab o rat ing Mem ber (2004)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129772, fax: +385 1 6129717, 
e-mail: davor.bonefacic@fer.hr
Antennas, Radio Systems, Electromagnetic Compatibility
(EMC)

Boras, Damir, Prof. PhD.
Born: 1951
Mem ber Ami cus (2007)
Uni ver sity of Zagreb, Fac ulty of Phi los o phy, Ivana Luèiæa 3,
10000 Zagreb
+385 1 6120111, fax: +385 1 6156879,
e-mail: dboras@ffzg.hr
Information Science, Knowledge Presentation, Croatian
Dictionary Heritage
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Bošnjak, Marijan, Prof. PhD. (re tired)
Born: 1934
De part ment of Chem i cal En gi neer ing, 
Mem ber Emer i tus (2009)
Slovenska 19, 10000 Zagreb
+385 1 3702507,
e-mail: Marijan.Bosnjak@hatz.hr
Bio chem i cal En gi neer ing, Ki net ics of Mi cro bial Pro cesses,
Math e mat i cal Mod el ing of Bio chem i cal Re ac tion Sys tems,
Mi cro bial Cul ti va tion Meth ods, En vi ron men tal Bio tech nol ogy, 
In dus trial Pro duc tion of Mi cro bial Me tab o lites, Bio chem i cal
Re ac tors

Božièeviæ, Josip, Prof. PhD. (re tired)
Born: 1929
De part ment of Trans port, 
Mem ber Emer i tus (1993)
Cro atian Acad emy of Sci ences and Arts (HAZU) Full Mem ber
The In sti tute of Trans port and Com mu ni ca tions, Kušlanova
2, 10000 Zagreb
+385 1 2305807, 
e-mail: puljiz@fpz.hr
Civil En gi neer ing, Trans por ta tion, Math e mat i cal, Sta tis ti cal
and Ex per i men tal Anal y ses of Vi bra tion Prob lems on the
Tracks and the Sleep ers

Božièeviæ, Juraj, Prof. PhD. (re tired)
Born: 1935
De part ment of Sys tems and Cy ber net ics, 
Mem ber Emer i tus (2009)
Trg kralja Tomislava 18, 10000 Zagreb
+385 1 4922254, +385 1 4922264, fax: +385 1 4922254,
e-mail: juraj.bozicevic1@zg.t-com.hr
Sys tems Sci ence and Cy ber net ics, Chem i cal En gi neer ing,
Pro cess Mod el ing and Con trol Mea sure ments, Knowl edge
Man age ment and In no va tion, Tech nol ogy Man age ment,
In tel li gent Tu tor ing Sys tems, Ed u ca tion

Brliæ, Vladi mir, PhD.
Born: 1950
De part ment of Com mu ni ca tion Sys tems, 
Col lab o rat ing Mem ber (1998)
Hrvatski telekom d.d., Savska cesta 32 10000 Zagreb
+385 1 4555466, +385 1 4815100, fax: +385 1 4815111, 
Telecommunication Networks
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Brniæ, Josip, Prof. PhD.
Born: 1951
De part ment of Me chan i cal En gi neer ing and Na val
Ar chi tec ture, As so ci ate Mem ber (1994)
Uni ver sity of Rijeka, Fac ulty of En gi neer ing, Vukovarska 58,
51000 Rijeka
+385 51 651444, fax: +385 51 675818, 
e-mail: josip.brnic@riteh.hr
Elastoplasticity, Viscoplasticity, Struc tural Anal y sis and
Op ti mi za tion, Metalforming, Fi nite El e ment Method,
Frac ture Me chan ics

Brumec, Josip, Prof. PhD.
Born: 1942
De part ment of In for ma tion Sys tems, 
Col lab o rat ing Mem ber (1998)
Uni ver sity of Zagreb, Fac ulty of Or ga ni za tion and
In for ma tics, Pavlinska 2, 42000 Varaždin
+385 42 213777, fax: +385 42 213413, 
e-mail: josip.brumec@foi.hr
In for ma tion Sys tems (The ory and De vel op ment of Sys tems,
Sys tems De vel op ment Con cepts and Meth od ol o gies, Sys tem
De vel op ment Tools and Tech niques, Stra te gic Plan ning of
In for ma tion Sys tems), Or ga ni za tional and Man age ment
Sci ences

Butkoviæ, Mirko, Prof. PhD. (re tired)
Born: 1936
De part ment of Me chan i cal En gi neer ing and Na val
Ar chi tec ture,
Mem ber Emer i tus (2009)
Poly tech nic of Karlovac, Ivana Meštroviæa 10, 47000
Karlovac, +385 47 843500, fax: +385 47 843579,
e-mail: mirko.butkovic@power.alstom.com,
mirko.butkovic@vuka.hr
Me chan i cal En gi neer ing, Tech ni cal Me chan ics, Me chan i cal
Vi bra tions, Strength of Ma te ri als, Me chan i cal In teg rity of
Ma chines, Ma chine Dy nam ics, Power En gi neer ing

Caharija, Alojz, PhD. (re tired)
Born: 1938
Mem ber Ami cus (2000)
Uni ver sity of Zagreb, Fac ulty of Chem i cal En gi neer ing and
Tech nol ogy, Savska cesta 16/5A, 10000 Zagreb
+385 1 4843556, +385 1 459714, fax: +385 1 4843556,
e-mail: caha@marie.fkit.hr
Mea sure ment, Pro cess Con trol, Hu mid ity and Ther mal
Con duc tiv ity Mea sure ment
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Car, Stjepan, PhD.
Born: 1949
De part ment of Elec tri cal En gi neer ing and Elec tron ics,
Col lab o rat ing Mem ber (1995)
Konèar – Elec tri cal En gi neer ing In sti tute, Inc., Fallerovo
šetalište 22, 10000 Zagreb
+385 1 3667315, fax: +385 1 3667317, 
e-mail: scar@koncar-institut.hr
Elec tri cal En gi neer ing, Elec tri cal Ma chines, Elec tri cal Drives, 
Man age ment of R&D in Elec tri cal En gi neer ing, Re new able
En ergy

Cariæ, Antun, Assoc. Prof. PhD.
Born: 1946
Mem ber Ami cus (2002)
KATE-KOM, Drvinje 109, 10000 Zagreb
+385 1 2407304, fax: +385 1 3689714, 
e-mail: acaric@kate-kom.com, antun.caric@zg.htnet.hr
Tele com mu ni ca tion (Mo bile Net works, Internet), In for ma tion 
Sys tems (e-School, e-Health), Soft ware En gi neer ing, R&D
Or ga ni za tion, Mo bile Ap pli ca tions and Ser vices

Cerovac, Vesna, Prof. PhD.
Born: 1942
De part ment of Trans port, 
Full Mem ber (1993)
Uni ver sity of Zagreb, Fac ulty of Trans port and Traf fic
En gi neer ing, Vukeliæeva 4, 10000 Zagreb
+385 1 2380204, fax: +385 1 6527084, 
e-mail: vesna.cerovac@fpz.hr
Traf fic, Civil En gi neer ing, Traf fic Tech nol ogy and Safety

Cifrek, Mario, Prof. PhD.
Born: 1964
De part ment of Sys tems and Cy ber net ics, 
Col lab o rat ing Mem ber (2005)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129937, fax: +385 1 6129652, 
e-mail: mario.cifrek@fer.hr, http://www.fer.hr/mario.cifrek
Elec tronic Mea sure ments and In stru men ta tion, Bio med i cal
En gi neer ing, De sign and Man u fac tur ing of Elec tronic
Equip ment, Bio med i cal Sig nal Mea sure ment and Anal y sis
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Èauševiæ, Mehmed, Prof. PhD.
Born: 1945
De part ment of Civil En gi neer ing and Ge od esy, 
Associate Mem ber (2009)
Uni ver sity of Zagreb, Fac ulty of Civil En gi neer ing, Viktora
Cara Emina 5, 51000 Rijeka
+385 51 331095,
Earth quake En gi neer ing, Steel Struc tures, Bridge
En gi neer ing, En gi neer ing Me chan ics, De sign of Steel and
Con crete Struc tures, Test ing of Full-Scale Struc tures

Èavlina, Nikola, Prof. PhD.
Born: 1950
De part ment of Power Sys tems, 
Associate Mem ber (2009)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129999, fax: +385 1 6129007, 
e-mail: nikola.cavlina@fer.hr
Nu clear En ergy and Tech nol ogy, Nu clear Re ac tor Safety,
En vi ron men tal Im pact As sess ment

Èišiæ, Dragan, Assoc. Prof. PhD.
Born: 1955
De part ment of Trans port, 
Col lab o rat ing Mem ber (2005)
Uni ver sity of Rijeka, Fac ulty of Mar i time Stud ies, Studentska 
2, 51000 Rijeka
+385 98 219600,
e-mail: dragan.cisic@ri.t-com.hr
Lo gis tics, Sup ply Chain Man age ment, e-Busi ness,
e-Com merce, Dig i tal Econ omy

Èoriæ, Veæeslav, Prof. PhD.
Born: 1946
De part ment of Me chan i cal En gi neer ing and Na val
Ar chi tec ture,
As so ci ate Mem ber (2002)
Uni ver sity of Zagreb, Fac ulty of Me chan i cal En gi neer ing and 
Na val Ar chi tec ture, Ivana Luèiæa 5, 10000 Zagreb
+385 1 6168428, fax: +385 1 6156940, 
e-mail: veceslav.coric@fsb.hr
Na val Ar chi tec ture, Ship Struc tures, Na val Hy dro dy nam ics,
The ory of Sea Keep ing, Nu mer i cal Meth ods, Off shore
Tech nol ogy (De sign)
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Èoviæ, Željko, MSc.
Born: 1953
Mem ber Ami cus (2002)
Pliva d.d., Ulica grada Vukovara 49, 10000 Zagreb
+385 1 6120999, fax: +385 1 6111011,
e-mail: zeljko.covic@pliva.hr
Phar macy, Bio tech nol ogy, Cor po rate Strat egy, Lead er ship,
Global Pharmaceuticals Busi ness, Cor po rate Man age ment
and Man age ment De vel op ment

Èrnko, Josip, Prof. PhD.
Born: 1943
De part ment of Min ing and Met al lurgy, 
Full Mem ber (2002)
Uni ver sity of Zagreb, Fac ulty of Met al lurgy, Aleja narodnih
heroja, 44103 Sisak
+385 44 533378, fax: +385 44 533378, 
e-mail: crnko@simet.hr
Sep a ra tion of Met als from Sec ond ary Row Ma te ri als,
Thermotechnology, In dus trial Fur naces, Math e mat i cal
Mod els of Cool ing of Steel Semiproducts, Pos si bil i ties of
Struc tural Im prove ments in Heat ing Fur naces

Èrnjar, Mladen, PhD.
Born: 1947
Mem ber Ami cus (2002)
Primorsko-goranska County, Public Institution In sti tute of
Physical Planning, Splitska 2/II, 51000 Rijeka
Uni ver sity of Rijeka, Fac ulty of Tour ism and Hos pi tal ity
Man age ment
+385 51 351772, fax: +385 51 212436,
e-mail: mladen.crnjar@pgz.hr, http://www.zavod.pgz.hr
Ur ban and Re gional Plan ning, Eco nom ics, Pol i cies and
Man age ment in Ecol ogy, En vi ron men tal Econ omy

Èunko, Ružica, Prof. PhD.
Born: 1946
De part ment of Tex tile Tech nol ogy, 
As so ci ate Mem ber (1998)
Uni ver sity of Zagreb, Fac ulty of Tex tile Tech nol ogy, Prilaz
baruna Filipoviæa 28a, 10000 Zagreb
+385 1 3712523, fax: +385 1 3712599, 
e-mail: ruzica.cunko@ttf.hr
De vel op ment of New Tex tile Ma te ri als, Methodes of
Ob jec tive Eval u a tion of Tex tile Ma te ri als, Tex tile
Qual ity-as sur ance and Man age ment
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Æosiæ, Krešimir, Prof. PhD.
Born: 1949
De part ment of Elec tri cal En gi neer ing and Elec tron ics,
As so ci ate Mem ber (2005)
University of Zagreb, Faculty of Electrical Engineering and
Computing, Unska 3, 10000 Zagreb
+385 1 129770, fax: +385 1 6129705
e-mail: kresimir.cosic@fer.hr
Interactive Simulation Systems, Applied Virtual Reality (VR), 
Defense and Security Research and Development

Dadiæ, Ivan, Prof. PhD.
Born: 1944
De part ment of Trans port, 
Col lab o rat ing Mem ber (1998)
Uni ver sity of Zagreb, Fac ulty of Trans port and Traf fic
En gi neer ing, Vukeliæeva 4, 10000 Zagreb
+385 1 2380210,
e-mail: ivan.dadic@zg.htnet.hr
Traf fic and Trans port, Ur ban and Phys i cal Plan ning,
Me chan i cal En gi neer ing, Phys ics, Math e mat ics

Damiæ, Vjekoslav, Prof. PhD.
Mem ber: 1941
De part ment of Sys tems and Cy ber net ics, 
As so ci ate Mem ber (2004)
Uni ver sity of Dubrovnik, Æire Cariæa 4, 20000 Dubrovnik
+385 20 445744, fax: +385 20 435 590,
e-mail: vdamic@unidu.hr
Math e mat i cal and Com puter Mod el ing and Sim u la tions, Bond 
Graph Mod el ing, En gi neer ing Graph Mod el ing

Debrecin, Nenad, Prof. PhD.
Born: 1953
De part ment of En ergy,
Associate Mem ber (2009)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129999, fax: +385 1 6170007, 
e-mail: nenad.debrecin@fer.hr
Heat Trans fer, Nu clear Power Plants, Ac ci dent Anal y sis,
Nu clear Power Plant Sim u la tion, Sys tem Ther mal-hy drau lic
Codes, Un cer tainty Anal y sis
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Domazet, Željko, Prof. PhD.
Born: 1954
De part ment of Me chan i cal En gi neer ing and Na val
Ar chi tec ture,
Full Mem ber (2009)
Uni ver sity of Split, Fac ulty of Elec tri cal En gi neer ing,
Me chan i cal En gi neer ing and Na val Ar chi tec ture, Ruðera
Boškoviæa bb, 21000 Split
+385 21 305777, fax: +385 21 563877, 
e-mail: zeljko.domazet@fesb.hr, http://www.fesb.hr/~domazet
Me chan i cal En gi neer ing, Na val Ar chi tec ture, Steel
Struc tures, Fa tigue Strength of Ma te ri als, Frac ture
Me chan ics

Domitroviæ, Hrvoje, Assoc. Prof. PhD.
Born: 1959
De part ment of Elec tri cal En gi neer ing and Elec tron ics,
Col lab o rat ing Mem ber (2002)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129 640, fax: +385 1 6129 680,
e-mail: hrvoje.domitrovic@fer.hr
Acous tics, Elec tro Acous tics, Au dio Tech niques, Sound
Broad cast ing, Ar chi tec tural Acous tics (Thea tres and
Churches), Sound Broad cast ing (RDS Sys tems for FM
Broad cast ing), Dig i ta li za tion of Ra dio Broad cast ing

Dragèeviæ, Zvonko, Prof. PhD.
Born: 1946
De part ment of Tex tile Tech nol ogy
Associate Mem ber (2009)
Uni ver sity of Zagreb, Fac ulty of Tex tile Tech nol ogy, Prilaz
baruna Filipoviæa 30/III, 10000 Zagreb
+385 1 3712535, fax: +385 1 3712535,
e-mail: zvonko.dragcevic@ttf.hr, zvonko.dragcevic@zg.t-com.hr
In dus trial En gi neer ing, Er go nom ics, Tech ni cal Tex tile,
Cor ro sion and Pro tec tion of Ma te ri als

Duiæ, Neven, Assoc. Prof. PhD.
Born: 1965
De part ment of Power Sys tems,
Col lab o rat ing Mem ber (2002)
Uni ver sity of Zagreb, Fac ulty of Me chan i cal En gi neer ing and 
Na val Ar chi tec ture, Ivana Luèiæa 5, 10000 Zagreb
+385 1 6168126, fax: +385 1 6156940, 
e-mail: Neven.Duic@fsb.hr, http://powerlab.fsb.hr/neven
Com pu ta tional Fluid Dy nam ics (Com bus tion and Ra di a tion
Mod el ing), En ergy Plan ning (In creas ing Pen e tra tion of New
and Re new able En ergy Tech nol o gies, Cli mate Change,
En ergy Stor age), En ergy Pol icy
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Dujmoviæ, Darko, Prof. PhD.
Born: 1954
Department of Civil Engineering and Geodesy,
Col lab o rat ing Mem ber (2009)
Uni ver sity of Zagreb, Faculty of Civil Engineering,
Kaèiæeva 26, 10000 Zagreb
+ 385 1 46 39 202, fax: + 385 1 46 39 202
e-mail: dujmovic@grad.hr
Steel structures, Cold formed steel structures, Structural
reliability

Dujmoviæ, Nenad, Prof. PhD.
Born: 1942
De part ment of Trans port, 
Associate Mem ber (2009)
Center for Traffic Engineering HATZ-CPI
+385 98 9764999
e-mail: nenad.dujmovic@hatz.hr
Railways, Track-guided Vehicles, Traffic, Transport Logistics

Durakoviæ, Senadin, Prof. emer. PhD. (re tired)
Born: 1937
De part ment of Bioprocess En gi neer ing, 
As so ci ate Mem ber (1994)
Uni ver sity of Zagreb, Fac ulty of Food Tech nol ogy and
Bio tech nol ogy, Pierottijeva 6, 10000 Zagreb
+385 1 4605284, +385 1 4605000, fax: +385 1 4836083, 
e-mail: senadin.durakovic@pbf.hr, sdurakovic@pbf.hr
Gen eral Mi cro bi ol ogy, Food Mi cro bi ol ogy, Bac te ri ol ogy,
My col ogy, Mycotoxicology

Dvornik, Josip, Prof. emer. PhD. (re tired)
Born: 1938
De part ment of Civil En gi neer ing and Ge od esy, 
Mem ber Emer i tus (2009)
Uni ver sity of Zagreb, Fac ulty of Civil En gi neer ing, Kaèiæeva
26, 10000 Zagreb
+385 1 4639244, fax: +385 1 4828049, 
e-mail: dvornik@grad.hr
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Ðukan, Petar, Prof. PhD.
Born: 1940
De part ment of Civil En gi neer ing and Ge od esy, 
Col lab o rat ing Mem ber (2000)
Civil En gi neer ing In sti tute of Croatia, Janka Rakuše 1,
10000 Zagreb
+385 1 6125413,
e-mail: petar.djukan@igh.hr
Or ga ni za tion and Tech nol ogy in Civil En gi neer ing, Pro ject
Man age ment, Man age ment and Or ga ni za tion of CE Firms,
Or ga ni za tion of Sci en tific and Ex pert Re search, Or ga ni za tion 
of Pub lic Works (In fra struc ture, Re con struc tion, Hous ing),
Pub lic Works

Fajt, Siniša, As sist. Prof. PhD.
Born: 1963
De part ment of Elec tri cal En gi neer ing and Elec tron ics,
Col lab o rat ing Mem ber (2002)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129747, +385 1 6129640, fax: +385 1 6129852,
+385 1 6129680, 
e-mail: sinisa.fajt@fer.hr
Acous tics, Elec tro Acous tics, Au dio Tech niques, Sound
Broad cast ing, Ar chi tec tural Acous tics, Pro cess ing of
Acous ti cal Sig nals in Com mu ni ca tions

Feretiæ, Danilo, Prof. emer. PhD. (re tired)
Born: 1930
Mem ber Emer i tus (1994)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129995, fax: +385 1 6170207, 
e-mail: danilo.feretic@fer.hr
Nu clear En ergy and Tech nol ogy, En vi ron men tal Stud ies,
Op er a tional Safety of Nu clear Re ac tors, Power Sys tems
Mod el ing, En vi ron men tal Im pact of Elec tri cal En ergy
Gen er at ing Sys tems

Feriæ, Miljenko, Prof. PhD. (re tired)
Born: 1936
De part ment of Me chan i cal En gi neer ing and Na val
Ar chi tec ture, Mem ber Emer i tus (1998)
The Vehicle Center of Croatia, Ilica 15, 10000 Zagreb
+ 385 1 4833444,  fax: + 385 1 4833610,
e-mail: miljenko.feric@cvh.hr
Trans port Ma chin ery, Road Ve hi cles, Ship Hy dro dy nam ics -
Model Tests, Ba sin Ex per i ments Ship Struc ture - Strength
and Vi bra tions
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Fertalj, Krešimir, Assoc. Prof. PhD.
Born: 1964
De part ment of In for ma tion Sys tems
Col lab o rat ing Mem ber (2007)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129918, fax:+385 1 6129915,
e-mail: kresimir.fertalj@fer.hr
Com puter Aided Soft ware En gi neer ing, Ap pli ca tions
De vel op ment, In for ma tion Sys tems De sign and Eval u a tion,
Pro ject Menagement

Figuriæ, Mladen Stjepan, Prof. PhD.
Born: 1943
De part ment of Bioprocess En gi neer ing, 
Full Mem ber (1994)
Uni ver sity of Zagreb, Fac ulty of For estry, Svetošimunska 25,
10000 Zagreb
+385 1 2352404, +385 1 2352555, fax: +385 1 2352530, 
e-mail: mladen.figuric@hrast.sumfak.hr
Wood Tech nol ogy Man age ment and Eco nom ics in For estry
and Wood Tech nol ogy, Pro duc tion Man age ment in the Wood
and Fur ni ture In dus try, Im prove ment and Ra tio nal iza tion of
Pro duc tion, De vel op ment of the For estry and Wood In dus try

Filetin, Tomislav, Prof. PhD.
Born: 1949
De part ment of Me chan i cal En gi neer ing and Na val
Ar chi tec ture, Full Mem ber (1994)
Cro atian Acad emy of Sci ences and Arts (HAZU)
Col lab o rat ing Mem ber
Uni ver sity of Zagreb, Fac ulty of Me chan i cal En gi neer ing and 
Na val Ar chi tec ture, Ivana Luèiæa 5, 10000 Zagreb
+385 1 6168320, +385 1 6168222, fax: +385 1 6157126, 
e-mail: tomislav.filetin@fsb.hr, http://www.fsb.hr/~tfiletin
Ma te ri als, Heat Treat ment Pro cesses, Ex pert Sys tems and
Ap pli ca tion of Ar ti fi cial In tel li gence Meth ods in the
Pre dic tion of Ma te ri als Prop er ties 

Franèula, Nedjeljko, Prof. emer. PhD. (re tired)
Born: 1937
De part ment of Civil En gi neer ing and Ge od esy, 
Mem ber Emeritus (2008)
Uni ver sity of Zagreb, Fac ulty of Ge od esy, Kaèiæeva 26, 10000 
Zagreb
+385 1 4639225, fax: +385 1 4828081, 
e-mail: nfrancul@geof.hr, http://www.geof.hr/~nfrancul
Ge od esy, Car tog ra phy, Map Pro jec tions, Dig i tal Car tog ra phy,
Geoinformatics, Car to graphic Gen er al iza tion, Fu ture of
Ge od esy and Sur vey ing
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Franekiæ, Jasna, Prof. PhD.
Born: 1945
De part ment of Bioprocess En gi neer ing, 
Full member (2009)
Uni ver sity of Zagreb, Fac ulty of Food Tech nol ogy and
Bio tech nol ogy, Pierottijeva 6, 10000 Zagreb
+385 1 4836013, fax: +385 1 4836016, 
e-mail: jfran@pbf.hr
Genetic Toxicology, Ecotoxicology, Genotoxicity Action of
Environmental Agents Antimutagenicity of Glucosinolates

Frankoviæ, Ber nard, Prof. PhD.
Born: 1946
De part ment of Power Sys tems, 
Full Mem ber (1998)
Uni ver sity of Rijeka, Fac ulty of En gi neer ing, Vukovarska 58,
51000 Rijeka
+385 51 651401, +385 51 675801, fax: +385 51 675801,
+385 51 675818, 
e-mail: bernardf@riteh.hr
Ap plied Ther mo dy nam ics, Heat Trans fer: Heat Con duc tion,
Heat Con vec tion and Evap o ra tion, Heat and mass Trans fer,
Heat Exchangers, Regenerations, Re new able En ergy

Gajski, Dan iel D., Prof. PhD. (re tired)
Born: 1938
Hon or ary Mem ber (2000)
Uni ver sity of Cal i for nia at Irvine, Cen ter for Em bed ded
Com puter Sys tems, 2010 AIR Build ing Irvine, CA
92697-3425, United States of Amer ica
e-mail: gajski@uci.edu, http://www.cecs.uci.edu/~gajski/
Sci ence of Com puter De sign

Galoviæ, Antun, Prof. PhD.
Born: 1950
De part ment of Me chan i cal En gi neer ing and Na val
Ar chi tec ture,
Col lab o rat ing Mem ber (1998)
Uni ver sity of Zagreb, Fac ulty of Me chan i cal En gi neer ing and 
Na val Ar chi tec ture, Ivana Luèiæa 5, 10000 Zagreb
+385 1 6168255, fax: +385 1 6156940, 
e-mail: antun.galovic@fsb.hr
Tech ni cal Ther mo dy nam ics, Tem per a ture Fields in Sol ids,
Heat Ex change in Fluidized Beds, Exergy and En tropy
Anal y sis in Thermo Pro cesses Irreversibilities

An nual 2009 of the Cro atian Acad emy of En gi neer ing 287



Gaurina-Meðimurec, Nediljka, Prof. PhD.
Born: 1957
De part ment of Min ing and Met al lurgy, 
As so ci ate Mem ber (2009)
Uni ver sity of Zagreb, Fac ulty of Min ing, Ge ol ogy and
Pe tro leum En gi neer ing, Pierottijeva 6, 10000 Zagreb
+385 1 5535825, fax: +385 1 4836074, 
e-mail: ngaumed@rgn.hr,
nediljka.gaurina-medjimurec@rgn.hr
Drill ing Tech nol ogy, Drill ing Flu ids, Well Ce ment ing,
Workover and Com ple tion Flu ids, En vi ron ment Pro tec tion in 
Pe tro leum En gi neer ing

Geršak, Jelka, Prof. PhD.
Born: 1954
Department of Textile Technology
Correspondent Member (2009)
University of Maribor, Fac ulty of Me chan i cal En gi neer ing,
Smetanova ulica 17, SI-2000 Maribor, Slovenia
+386 2 220 7960, fax: +386 2 220 7996
e-mail: jelka.gersak@uni-mb.si
Clothing engineering, Mechanics of textile materials,
Objective evaluation of materials and clothing, Modelling of
complex textile structures, Comfort, Thermo-physiological
comfort of clothing, Intelligent clothing

Glasnoviæ, Antun, Prof. PhD.
Born: 1948
Department of Chemical Engineering
Col lab o rat ing Mem ber (2009)
Uni ver sity of Zagreb, Fac ulty of Chem i cal En gi neer ing and
Tech nol ogy, Maruliæev trg 19, 10000 Zagreb
+385 1 4597 221, +385 1 4597 281
e-mail: aglasnov@fkit.hr, of fice@fkit.hr
Separation processes; characterization of system, de sign and
op er a tion of sep a ra tion and con tact ing pro cesses
(comminution, fil tra tion, dry ing, chrystallization, mixing),
newton and nonnewton fluid dynamic, suspension rheology

Goglia, Vlado, Prof. PhD.
Born: 1951
De part ment of Bioprocess En gi neer ing, 
Col lab o rat ing Mem ber (1998)
Uni ver sity of Zagreb, Fac ulty of For estry, Svetošimunska 25,
10000 Zagreb
+385 1 2352555, fax: +385 1 218616, 
e-mail: vlado.goglia@hrast.sumfak.hr, goglia@sumfak.hr
Me chan i cal En gi neer ing, Woodworking Ma chin ery, Sound
and Vi bra tion
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Gojo, Miroslav, Prof. PhD.
Born: 1950
De part ment of Graph i cal En gi neer ing, 
Col lab o rat ing Mem ber (2002)
Uni ver sity of Zagreb, Fac ulty of Graphic Arts, Getaldiæeva 2,
10000 Zagreb
+385 1 2371080, fax: +385 1 2371077,
e-mail: gojo@grf.hr, http://forme.grf.hr/
Physical-Chemical and Mechanical Properties of Surface,
Printing Forms, Damping of Printing Forms, Electrochemical 
Deposition of Metals, Corrosion and Protection 

Goluboviæ, Adrijano, Prof. PhD. (retired)
Born: 1936
De part ment of Graph i cal En gi neer ing, 
As so ci ate Mem ber (1998)
Gornji Bukovec 19, 100000 Zagreb
+385 1 2342157
Graphic Tech nol ogy, Chem i cal Tech nol ogy, An a lyt i cal
Chem is try, Sur face Tech nol ogy, Ma te ri als in Print ing
Pro cesses, Colorimetric Mea sure ment in Graphic Pro cesses

Gomzi, Zoran, Prof. PhD.
Born: 1940
De part ment of Chem i cal En gi neer ing, 
Full Mem ber (1994)
Uni ver sity of Zagreb, Fac ulty of Chem i cal En gi neer ing and
Tech nol ogy, Maruliæev trg 19, 10000 Zagreb
+385 1 4597105, fax: +385 1 4597260, 
e-mail: zgomzi@pi erre.fkit.hr, zgomzi@ma rie.fkit.hr
Chem i cal En gi neer ing, Chem i cal Re ac tion En gi neer ing,
Ki net ics Mod el ing, Pro cess De sign and De vel op ment,
Math e mat i cal Mod el ing, Ed u ca tion

Grancariæ, Ana Marija, Prof. PhD.
Born: 1943
De part ment of Tex tile Tech nol ogy, 
As so ci ate Mem ber (2009)
Uni ver sity of Zagreb, Fac ulty of Tex tile Tech nol ogy, Prilaz
baruna Filipoviæa 28a, 10000 Zagreb 
+385 1 4877360, fax: +385 1 4877355
e-mail: amgranca@ttf.hr
Sur face Mod i fi ca tion and In ter face Phe nom ena of Tex tiles,
Pro tec tive Textiles (against fire, UVR, microbs), Tex tile
Pretreatments and Fin ish ing
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Graniæ, Goran, As sist. Prof. PhD.
Born: 1950
De part ment of Power Sys tems, 
Full Mem ber (2009)
En ergy In sti tute Hrvoje Požar, Savska cesta 163, 10000 Zagreb
+385 1 6040588, +385 1 6326100, fax: +385 1 6040599, 
e-mail: ggranic@eihp.hr
Elec tri cal En gi neer ing, Stra te gic En ergy Plan ning, En ergy
Leg is la tion, Power Sys tem Plan ning and Sched ul ing, En ergy
Sec tor Or ga ni za tion and Man age ment, En ergy Sup ply Costs
and En ergy Pric ing Pol icy
Secretary-General of the Croatian Academy of Engineering

Grbac, Ivica, Prof. PhD.
Born: 1955
De part ment of Bioprocess En gi neer ing, 
As so ci ate Mem ber (2009)
Min is try of Ag ri cul ture, For estry and Wa ter Man age ment,
Av. Vukovar 78, 10000 Zagreb
+385 1 6106 393, fax: +385 1 6109 884,
e-mail: ivica.grbac@mps.hr
Furniture and Medicine Design, Construction and Quality of
Wood Products, Interdisciplinary Research, Forestry, Wood
Industry

Grbavac, Vitomir, Prof. PhD.
Born: 1954
De part ment of Trans port, 
As so ci ate Mem ber (2004)
Uni ver sity of Zagreb, Fac ulty of Ag ri cul ture, Svetošimunska
25, 10000 Zagreb
+385 1 2393620, 
e-mail: v1grbavac@gmail.com
In for ma tion and Com mu ni ca tion Sys tems in Traf fic,
In for ma tion Sys tems, Evo lu tion of In for ma tion Tech nol ogy,
De vel op ment Com puter Sys tems, e-Ed u ca tion in Traf fic

Grgiæ, Davor, As sist. Prof. PhD.
Born: 1959
De part ment of Power Sys tems, 
Col lab o rat ing Mem ber (2002)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129994,
e-mail: davor.grgic@fer.hr
Nuclear Power Plants
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Grgiæ, Mislav, Assoc. Prof. PhD.
Born: 1973
De part ment of Com mu ni ca tion Sys tems, 
Col lab o rat ing Mem ber (2004)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129851, fax: +385 1 6129568, 
e-mail: mgrgic@ieee.org, http://www.vcl.fer.hr/mgrgic/
Im age and Video Com pres sion, Mul ti me dia Com mu ni ca tions,
Im age Re trieval

Grgiæ, Sonja, Prof. PhD.
Born: 1965
De part ment of Com mu ni ca tion Sys tems, 
Full Mem ber (2009)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129780, fax: +385 1 6129717, 
e-mail: sgrgic@ieee.org, http://www.vcl.fer.hr/sgrgic/
Video Sig nal Com pres sion and Cod ing, Pic ture Qual ity
As sess ment, Dig i tal Tele vi sion

Grladinoviæ, Tomislav, Assoc. Prof. PhD.
Born: 1956
De part ment of Bioprocess En gi neer ing, 
Col lab o rat ing Mem ber (2000)
Uni ver sity of Zagreb, Fac ulty of For estry, Svetošimunska 25,
10000 Zagreb
+385 1 2352555, +385 1 2352451, fax: +385 1 2318616, 
e-mail: grladinovic@hrast.sumfak.hr
Bio tech nol ogy, Wood Tech nol ogy, Pro duc tion Man age ment,
Sim u la tion Mod el ing, Com put ers in Sim u la tion

Haznadar, Zijad, Prof. PhD. (re tired)
Born: 1935
De part ment of Elec tri cal En gi neer ing and Elec tron ics, 
Mem ber Emer i tus (1993)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129811, fax: +385 1 6170201, 
e-mail: zijad.haznadar@fer.hr
The ory of Elec tro mag netic Fields, Nu mer i cal Cal cu la tion in
Elec tri cal En gi neer ing
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Hebel, Zdravko, Prof. PhD.
Born: 1943
De part ment of Power Sys tems, 
Full Mem ber (1994)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129980, +385 1 6190917, fax: +385 1 6129890,
+385 1 6190929, 
e-mail: zdravko.hebel@fer.hr
Elec tric Power En gi neer ing, Power Sys tem Anal y sis,
Trans mis sion Net works, In dus trial Net works

Hnatko, Emil, Prof. PhD.
Born: 1941
De part ment of Trans port, 
As so ci ate Mem ber (2004)
Uni ver sity of Osijek, Fac ulty of Me chan i cal En gi neer ing, Trg 
Ivane Brliæ Mažuraniæ 18, 35000 Slavonski Brod
+385 35 446188, fax: +385 35 446446, 
e-mail: ehnatko@sfsb.hr,
http://www.sfsb.hr/kem/hnatko/hnatko.htm
En gines and Ve hi cles, Ther mo dy nam ics and Con struc tion,
Main te nance of In ter nal Comobustion En gines and Mo tor
Ve hi cles

Hofman, Mar cel, Prof. PhD.
Born: 
Mem ber Ami cus (2005)
Hondsbergen 2, BE-3080 Tervuren, Bel gium
+32 2 7672399, fax: +32 2 7672191,
e-mail: Mar cel.Hofman@skynet.be
Food Toxicology, Environment and Food, Genetically
Modified Organisms (GMO)
Food Toxicology, Environment and Food, Genetically
Modified Organism (GMO)

Horvat, Dubravko, Prof. PhD.
Born: 1951
De part ment of Bioprocess En gi neer ing, 
Col lab o rat ing Mem ber (2000)
Uni ver sity of Zagreb, Fac ulty of For estry, Svetošimunska 25,
10000 Zagreb
+385 1 2342555, fax: +385 1 2318616, 
e-mail: horvat@hrast.sumfak.hr
For estry Mech a ni za tion, Ter rain-ve hi cle Sys tems, Spe cial
For est Ve hi cles
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Horvat, Predrag, Prof. PhD.
Born: 1953
Department of Bioprocess Engineering
Col lab o rat ing Mem ber (2009)
University of Zagreb, Faculty of Food Technology and
Biotechnology, Pierottijeva 6, 10000 Zagreb
+385 1 46 05 166, fax: +385 1 48 36 424
e-mail: phorvat@pbf.hr
Bioproces Engineering; Industrial Biotechnology

Hranueli, Daslav, Prof. PhD.
Born: 1947
Department of Bioprocess Engineering
Col lab o rat ing Mem ber (2009)
University of Zagreb, Faculty of Food Technology and
Biotechnology, Pierottijeva 6, 10000 Zagreb
+385 1 4605013, fax: +385 1 4836083
e-mail: dhranueli@pbf.hr
Biotechnical sciences

Hraste, Marin, Prof. emer. PhD. (re tired)
Born: 1938
De part ment of Chem i cal En gi neer ing, 
Full Mem ber (1993)
Cro atian Acad emy of Sci ences and Arts (HAZU) Full Mem ber
Uni ver sity of Zagreb, Fac ulty of Chem i cal En gi neer ing and
Tech nol ogy, Maruliæev trg 19, 10000 Zagreb
+385 1 4597220, fax: +385 1 4597260, 
e-mail: mhraste@pi erre.fkit.hr
Chem i cal En gi neer ing, Unit Op er a tion Trans port
Phe nom ena, En gi neer ing of Par tic u late Sys tems: Par ti cle
Sys tems and Use of their De scrip tion to Pre dict Be hav ior in
a Given Geo met ri cal Shape

Husar, Ivan, PhD. (re tired)
Born: 
Mem ber Ami cus (2002)
Jukiæeva 10, 10000 Zagreb
+385 1 4836485, fax: +385 1 4836486, 
e-mail: ivan.husar@zg.htnet.hr
Se cu rity and Alarm Sys tems
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Iliæ, Ivan, Prof. emer. PhD. (re tired)
Born: 1934
De part ment of Elec tri cal En gi neer ing and Elec tron ics, 
Mem ber Emer i tus (1994)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129639, fax: +385 1 6129705, 
e-mail: ivan.ilic@esa.fer.hr
Elec tri cal En gi neer ing, Elec tri cal Ma chines, Drives and
Au to ma tion, In dus trial Plants

Jajac, Branislav, Prof. PhD.
Born: 1946
De part ment of Elec tri cal En gi neer ing and Elec tron ics, 
Col lab o rat ing Mem ber (2005)
Uni ver sity of Split, Fac ulty of Elec tri cal En gi neer ing,
Me chan i cal En gi neer ing and Na val Ar chi tec ture, Ruðera
Boškoviæa bb, 21000 Split
+385 21 305706, fax: +385 21 463877,

Jakoboviæ, Zvonimir, PhD. (re tired)
Born: 1937
Mem ber Ami cus (2002)
Lex i co graph i cal In sti tute “Miroslav Krleža”,
Frankopanska 26, 10000 Zagreb
+385 1 4800438
e-mail: zvonimir.jakobovic@lzmk.hr
Phys ics, Elec tron ics, In for ma tion Sci ence, Med i cal Phys ics,
Me trol ogy, Lexi col ogy and Ency clo paed ism, Elec tron ics,
Ter mi nol ogy in Sci ence and Tech nol ogy, His tory of
Tech nol ogy

Janoviæ, Zvonimir, Prof. PhD. (re tired)
Born: 1933
De part ment of Chem i cal En gi neer ing, 
Mem ber Emer i tus (2009)
Uni ver sity of Zagreb, Fac ulty of Chem i cal En gi neer ing and
Tech nol ogy, Savska cesta 16, 10000 Zagreb
+385 1 4597125, fax: +385 1 4597142, +385 1 4597260, 
e-mail: janovic@fkit.hr
Chem i cal En gi neer ing, Pet ro chem is try, Poly mer Ma te ri als,
Pet ro chem i cal Pro cesses and Prod ucts, Poly mer iza tion
Pro cesses, High Per for mance Poly meric Ma te ri als,
Rheologycal Mod i fi ers
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Janjanin, Simo, Prof. PhD. (re tired)
Born: 1933
Mem ber Emer i tus (1998)
Talovèeva 3, 10000 Zagreb
+385 1 3707316, 
e-mail: simo.janjanin@zg.htnet.hr
Math e mat i cal Mod el ing and Sim u la tion of Me chan i cal and
Elec tri cal os cil lat ing sys tems us ing MATLAB-a

Jelaska, Damir, Prof. PhD.
Born: 1947
De part ment of Me chan i cal En gi neer ing and Na val
Ar chi tec ture, As so ci ate Mem ber (1998)
Uni ver sity of Split, Fac ulty of Elec tri cal En gi neer ing,
Me chan i cal En gi neer ing and Na val Ar chi tec ture, R.
Boškoviæa bb, 21000 Split
+385 21 305874, fax: +385 21 463877, 
e-mail: damir.jelaska@fesb.hr, djelaska@fesb.hr
Me chan i cal En gi neer ing De sign, Op er a tional Strength, Gear
De sign, Dam age Tol er ant De sign, Re li abil ity, Fa tigue Life
Pre dic tion, Mean Stress In flu ence on Fa tigue As sess ment,
Fa tigue As sess ment at Com bined HCF/LCF Load ing

Jelenèiæ, Ivan, Prof. PhD. (re tired)
Born: 1932
De part ment of Com mu ni ca tion Sys tems, 
Mem ber Emer i tus (2002)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129702, fax: +385 1 6129680, 
e-mail: ivan.jelencic@fer.hr
Acous tics, Elec tro Acous tics, Ra dio Com mu ni ca tions,
Ar chi tec tural Acous tics, Acous tic De sign, Sound Sys tems
En gi neer ing, Dig i tal Trans mis sion, Re ceiv ing Tech nol ogy,
AES, HAD

Jerbiæ, Bojan, Prof. PhD.
Born: 1957
As so ci ate Mem ber (2007)
De part ment of Systems and Cybernetics,
Uni ver sity of Zagreb, Fac ulty of Me chan i cal En gi neer ing and 
Na val Ar chi tec ture, Ivana Luèiæa 5, 10000 Zagreb
+385 1 6168356,
e-mail: bojan.jerbic@fsb.hr
Ro bot ics, Ar ti fi cial In tel li gence, Com puter Meth ods in
De sign ing and Pro gram ming of Au to matic Sys tems
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Jergoviæ, Blanka, PhD.
Born: 1959
Mem ber Ami cus (2002)
Cro atian Ra dio-Tele vi sion, Cro atian Ra dio, 1 Pro gram,
Prisavlje 3, 10000 Zagreb
+385 91 6348573,
e-mail: B.Jergovic@hrt.hr

Jeriè, Viljem, Prof. PhD. (re tired)
Born: 1936
De part ment of Com mu ni ca tion Sys tems, 
Mem ber Emer i tus (2009)
Brune Bušiæa 14, 10000 Zagreb
+385 1 6636674, 
e-mail: viljem.jeric@zg.htnet.hr
Mi cro wave Elec tron ics and Sys tems in the Field of
Radiocommunications and Ra dars, Mea sure ments on
Mi cro wave Equipments, Elec tronic Nav i ga tion on Sea,
Elec tronic War fare, Mi cro wave Elec tron ics, Use of Elec tri cal
and Elec tronic Com po nents in Graphic Art

Joviæ, Franjo, Prof. PhD.
Born: 1940
De part ment of Sys tems and Cy ber net ics, 
As so ci ate Mem ber (1993)
Uni ver sity of Osijek, Fac ulty of Elec tri cal En gi neer ing,
Kneza Trpimira bb, 31000 Osijek
+385 31 224615, fax: +385 31 224605, 
e-mail: franjo.jovic@etfos.hr
Pro cess Con trol, Ar ti fi cial In tel li gence, In for ma tion
Pro cess ing, Func tional Net works, Pro cess Mon i tor ing,
Sys tem Mod el ing, Qual i ta tive Mod el ing

Jukiæ, Tihomir, Assoc. Prof. PhD.
Born: 1954
De part ment of Ar chi tec ture and Ur ban Plan ning, 
Col lab o rat ing Mem ber (2005)
Uni ver sity of Zagreb, Fac ulty of Ar chi tec ture, Kaèiæeva 26,
10000 Zagreb
e-mail: jukic.tihomir@arhitekt.hr
Urbanism, Environmental Planning
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Juras, Ivan, Prof. PhD.
Born: 1941
De part ment of Ar chi tec ture and Ur ban Plan ning, 
As so ci ate Mem ber (2002)
Uni ver sity of Zagreb, Fac ulty of Ar chi tec ture, Kaèiæeva 26,
10000 Zagreb
+385 1 4639259, fax: +385 1 4828079, 
e-mail: ivan.juras@arhitekt.hr
Ar chi tec ture

Jurkoviæ, Sonja, Prof. PhD.
Born: 1942
De part ment of Ar chi tec ture and Ur ban Plan ning, 
Col lab o rat ing Mem ber (2002)
Uni ver sity of Zagreb, Fac ulty of Ar chi tec ture, Kaèiæeva 26,
10000 Zagreb
+385 1 4639222/158, fax: +385 1 4639284, 
e-mail: sonja.jurkovic@arhitekt.hr
Re gional and Land scape Plan ning, Ur ban and Land scape
De sign

Kalpiæ, Damir, Prof. PhD.
Born: 1947
De part ment of In for ma tion Sys tems, 
Col lab o rat ing Mem ber (1998)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129919, fax: +385 1 6129915, 
e-mail: damir.kalpic@fer.hr, http://www.fer.hr/Damir.Kalpic/
Op er a tions Re search, Math e mat i cal Mod el ing, Data Mod el ing, 
Soft ware for Lin ear Pro gram ming and Re lated Fields,
Pro duc tion Plan ning Soft ware, Busi ness Pro cess
Reengineering, In for ma tion Sys tems, Nat u ral Lan guage
Pro cess ing

Karloviæ, Damir, Prof. emer. PhD. (re tired)
Born: 1938
De part ment of Bioprocess En gi neer ing, 
Mem ber Emer i tus (2009)
Uni ver sity of Zagreb, Fac ulty of Food Tech nol ogy and
Bio tech nol ogy, Pierottijeva 6, 10000 Zagreb
+385 1 4826250, fax: +385 1 4826251, 
e-mail: dakar@pbf.hr
Car bo hy drate Chem is try and Tech nol ogy, Food En gi neer ing,
Food Tech nol ogy, Sweet en ers Chem is try and Tech nol ogy of
Sweet en ers, Food Pro cess ing
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Kataviæ, Ivan, Prof. PhD. (re tired)
Born: 1929
De part ment of Me chan i cal En gi neer ing and Na val
Ar chi tec ture, Mem ber Emer i tus (1998)
Ante Kovaèiæa 22, 51000 Rijeka
+385 51 515016,
Cast ing Tech nol ogy, Cast ing Al loys, Wear-re sis tant Cast ing
Al loys

Katoviæ, Drago, Prof. PhD.
Born: 1941
De part ment of Tex tile Tech nol ogy, 
As so ci ate Mem ber (1994)
Uni ver sity of Zagreb, Fac ulty of Tex tile Tech nol ogy, Savska
16, 10000 Zagreb
+385 1 4877352, fax: +385 1 4877352, 
e-mail: dkatovic@ttf.hr
Tex tile Chem is try, De ter mi na tion of Iron and Cop per, Free
Form al de hyde, Polycarboxylic Ac ids, Du ra ble Press Fin ish ing, 
Mi cro wave Treat ment

Kelemen, Tomislav, Prof. PhD. (re tired)
Born: 1932
Mem ber Emer i tus (1995)
Konèar – Elec tri cal En gi neer ing In sti tute, Inc., Fallerovo
šetalište 22, 10000 Zagreb
+385 1 3881426, fax: +385 1 3667309, 
e-mail: tomislav.kelemen1@zg.t-com.
The o ret i cal and Ap plied Elec tri cal En gi neer ing, R&D in
Power and In stru ment Trans form ers as Prod ucts, Power and 
In stru ment Trans form ers in In ter ac tion with Net works,
De vel op ment of Power and In stru ment Trans form ers for
Volt ages up to 400 kV

Kirinèiæ, Josip, Prof. PhD. (re tired)
Born: 1924
Hon or ary Mem ber (1998)
Šetalište Joakima Rakovca 27, 51000 Rijeka
+385 51 338411,
Tech nol ogy of Mar i time Trans port, Mar i time En gi neer ing,
Im prove ment of Port Ef fi ciency, De vel op ment of Ports
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Klièek, Božidar, Prof. PhD.
Born: 1957
De part ment of In for ma tion Sys tems, 
Col lab o rat ing Mem ber (1998)
Uni ver sity of Zagreb, Fac ulty for Or ga ni za tion and
In for ma tics, Pavlinska 2, 42000 Varaždin
+385 42 213777, 042 213413, fax: +385 42 213413, 
e-mail: bklicek@foi.hr
In for ma tion Sci ence, In tel li gent Sys tems, Mul ti me dia
Sys tems, Com plex Sys tems, In for ma tion Tech nol ogy in
Tour ism

Kniewald, Jasna, Prof. PhD. (re tired)
Born: 1938
De part ment of Bioprocess En gi neer ing, 
Full Mem ber (1994)
Uni ver sity of Zagreb, Fac ulty of Food Tech nol ogy and
Bio tech nol ogy, Pierottijeva 6, 10000 Zagreb
+385 1 4605288, fax: +385 1 4605065, 
e-mail: jasna.kniewald@pbf.hr
En vi ron men tal Pro tec tion, Pes ti cide Tox i col ogy, Tox ic ity
Pro cesses in Re pro duc tive Bio chem i cal Mech a nisms, Cell
Cul ture Tech nol ogy In Vi tro Test ing/Trial Meth ods

Kniewald, Zlatko, Prof. emer. PhD. (re tired)
Born: 1938
De part ment of Bioprocess En gi neer ing, 
Full Mem ber (1998)
Uni ver sity of Zagreb, Fac ulty of Food Tech nol ogy and
Bio tech nol ogy, Pierottijeva 6, 10000 Zagreb
+385 1 4605278, fax: +385 1 4605065, 
e-mail: zlatko.kniewald@pbf.hr, Zlatko.Kniewald@hatz.hr,
http://croat.hatz.hr/knic/
Bio chem i cal En gi neer ing, Cell Cul ture Tech nol ogy, En do crine 
Se cre tion and Reg u la tion, Sci ence Pol icy, In tel lec tual Prop erty
Pro tec tion Act ing Pres i dent of the Cro atian Acad emy of En gi neer ing
Past-Pres i dent of the Cro atian Acad emy of En gi neer ing

Kolombo, Marijan, PhD. (re tired)
Born: 1925
Mem ber Ami cus (2002)
Janka Poliæa Kamova 54, 51000 Rijeka
+385 51 421064, +385 91 5793529,
Crude Oil and Pe tro leum Prod ucts, Lube Oil Tech nol ogy,
Tribology, Pet ro chem is try, Lube Oils Tribology, Ad di tives for 
Mo tor and In dus trial Oils
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Komadina, Pavao, Prof. PhD.
Born: 1946
De part ment of Trans port, 
Full Mem ber (1998)
Fac ulty of Mar i time Stud ies, Studentska 2, 51000 Rijeka
+385 51 338411, fax: +385 51 336755, 
e-mail: pavao.komadina@pfri.hr
Mar i time Tech nol ogy, Ship ping, En vi ron men tal Sea
Pro tec tion, Port and Har bour Fa cil i ties, Sea Nav i ga tion,
Sim u la tion and Sim u la tors, Math e mat i cal Mod els of
Op ti mum Tanker Size, Rout ing Sys tems in the Adri atic Sea
(Sep a ra tion Lanes), Safety of Nav i ga tion

Komen, Vitomir, Assoc. Prof. PhD.
Born: 1960
Department of Power Systems
Collaborating member (2009)
HEP ODS d.o.o. / Elektroprimorje Rijeka, Viktora Cara
Emina 2, 51000 Rijeka
+385 51 204000, fax: +385 51 204204
e-mail: vitomir.komen@hep.hr
Electric Power Systems, Electric Power Networks

Koroman, Vladi mir, PhD.
Born: 1943
De part ment of Sys tems and Cy ber net ics, 
Col lab o rat ing Mem ber (2002)
Ship build ing In sti tute, Avenija Veæeslava Holjevca 20, 10020
Zagreb
+385 1 6504160, fax: +385 1 6504280, 
e-mail: koroman@hrbi.hr
Con trol En gi neer ing, Mar ket ing, Elec tro-hy drau lic Sys tems,
Con trol and Au tom a ti za tion Sys tems (De fence, Elec tric
Power Plants), Mar ket ing in the Field of Re search and
De vel op ment Organzations

Kos, Serðo, Prof. PhD.
Born: 1957
De part ment of Trans port
Col lab o rat ing Mem ber (2005)
Uni ver sity of Rijeka, Fac ulty of Mar i time Stud ies, Studentska 
2 , 51000 Rijeka,
+385 51 338411, fax: +385 51 336755,
e-mail: skos@pfri.hr
Mar i time Tech nol ogy, Ship ping, The ory of Nav i ga tion,
Ter res trial Nav i ga tion, As tro nom i cal Nav i ga tion, Elec tronic
Nav i ga tion, Op ti mi za tion of Ship's Rout ing Sys tems,
In te grated and Multi-modal Trans por ta tion, Multi-modal
Trans port Net works
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Kos, Tomislav, Assoc. Prof. PhD.
Born: 1958
De part ment of Com mu ni ca tion Sys tems, 
Col lab o rat ing Mem ber (2004)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129772, fax: +385 1 6129717, 
e-mail: tomislav.kos@fer.hr, http://www.vcl.fer.hr/tkos/
Ra dio Di rec tion Find ing and Ra dio Nav i ga tion, Sat el lite
Po si tion ing Sys tems, Broad band Net works, Ca ble Tele vi sion

Kos, Vesna, Prof. PhD. (re tired)
Born: 1930
De part ment of Elec tri cal En gi neer ing and Elec tron ics, 
Mem ber Emer i tus (1998)
Gorjanoviæeva 6b, 10000 Zagreb
+385 1 224869,
Elec tri cal En gi neer ing, Traf fic, Ap pli ca tion of Elec tri cal
En gi neer ing in Traf fic

Kos, Zorko, Prof. PhD. (re tired)
Born: 1930
Mem ber Emer i tus (1994)
Uni ver sity of Rijeka, Fac ulty of Civil En gi neer ing, Viktora
Cara Emina 5, 51000 Rijeka
+385 51 352130, fax: +385 51 332816,
Ir ri ga tion and Drain age, Flood Con trol, Wa ter Re sources
Sys tems

Kovaè, Mario, Prof. PhD.
Born: 1965
De part ment of In for ma tion Sys tems, 
Associate Mem ber (1998)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129759, fax: +385 1 6170007, 
e-mail: mario.kovac@fer.hr
Mul ti me dia Sys tems (Dig i tal, Video and Au dio), Mul ti me dia
Ar chi tec tures and Al go rithms, Data Com pres sion, Dig i tal
Con tent Dis tri bu tion and Dig i tal Rights Man age ment,
Au dio-vi sual Data Com pres sion Al go rithms (MPEG-1,
MPEG-2, MPEG-4, JPEG)
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Kovaèeviæ Zeliæ, Biljana, Prof. PhD.
Born: 1964
Department of Mining and Metallurgy
Col lab o rat ing Mem ber (2009)
University of Zagreb, Faculty of Mining, Geology and
Petroleum Engineering, Pierottijeva 6, 10000 Zagreb
+385 1 5535879, fax: +385 1 4836053
e-mail: biljana.kovacevic-zelic@rgn.hr
Geotechnical engineering, Soil mechanics, Environmental
geotechnics

Kovaèiæ, Davorin, Prof. PhD.
Born: 1945
De part ment of Civil En gi neer ing and Ge od esy, 
Col lab o rat ing Mem ber (2005)
Uni ver sity of Zagreb, Fac ulty of Geotechnical En gi neer ing
Varaždin, Hallerova aleja 7, 42000 Varaždin
+385 42 408919, fax: +385 42 313587, 
e-mail: dkovacic@gfv.hr
Civil En gi neer ing, Geotechnical En gi neer ing, En vi ron men tal
En gi neer ing, Geotechnical Struc tures, Land slides, San i tary
Land fills

Krajcar, Slavko, Prof. PhD.
Born: 1951
De part ment of Power Sys tems, 
Associate Mem ber (2009)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129999, fax: +385 1 6170007, 
e-mail: slavko.krajcar@fer.hr
Power En gi neer ing, Power Plants, Dis tri bu tion Net works,
Plan ning Elec tri cal Light ing, Pro gram Codes for Dis tri bu tion 
Net work Plan ning, Mod ern Elec tri cal Light ing, Lib er al iza tion 
of En ergy Mar kets

Krakar, Zdravko, Prof. PhD.
Born: 1945
De part ment of In for ma tion Sys tems, 
As so ci ate Mem ber (1998)
Cro atian In for ma tion Tech nol ogy Agency, Mažuraniæev trg
8/III, 10000 Zagreb
+385 1 4855271, fax: +385 1 4855273, 
e-mail: zkrakar@close.open.hr
In te grated Meth ods of Man age ment via In for ma tion
Tech nol ogy, Qual ity Man age ment Sys tems in In for ma tics,
Soft ware Pro cess Im prove ment Meth ods, In te grated
In for ma tion Se cu rity Sys tems, Ap pli ca tion of ICT
Con sul tancy in Man age ment Sys tems
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Kralik, Gordana, Prof. PhD., Dr.h.c.
Born: 1943
Department of Bioprocess Engineering
As so ci ate Mem ber (2009)
J.J.Strossmayer University of Osijek, Faculty of Agriculture 
Trg sv. Trojstva 3, 31000 Osijek
+385 31 224241, fax: +385 31 207017
e-mail: gkralik@pfos.hr, gkralik@unios.hr
Biotechnical sciences, Zootechnics, Animal products, 
Functional food

Kralj, Damir, PhD.
Born: 1959
Department of Chemical Engineering
Collaborating Member (2009)
Ruðer Boškoviæ Institute, Bijenièka c. 54, 10000 Zagreb
+385 1 4680207, fax: +385 1 4680098
e-mail: kralj@irb.hr
Mechanism and kinetics of crystallization and precipitation of 
slightly soluble salts, In dus trial crys tal li za tion, Pre cip i ta tion
in nat u ral and tech no log i cal waste waters; Biominerallization

Križan, Božidar, Prof. PhD.
Born: 1946
De part ment of Me chan i cal En gi neer ing and Na val
Ar chi tec ture
Col lab o rat ing Mem ber (2002)
Uni ver sity of Rijeka, Fac ulty of En gi neer ing, De part ment of
Me chan i cal En gi neer ing De sign, Vukovarska 58, 51000 Rijeka
+385 51 651526, fax: +385 51 675818, 
e-mail: krizan@riteh.hr
Ma chine El e ments, Gear De sign, Sys tem atic De sign

Kropar Vanèina, Vesna, Prof. PhD.
Born: 1947
Center for Graphical Engineering,
Col lab o rat ing Mem ber (2004)
Uni ver sity of Zagreb, Fac ulty of Graphic Arts, Getaldiæeva 2,
10000 Zagreb
+385 1 6681896,
e-mail: vesna.kropar.vancina@grf.hr
Materials in printing processes: paper, ink, polymers.
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Krumes, Dragomir, Prof. PhD.
Born: 1945
De part ment of Me chan i cal En gi neer ing and Na val
Ar chi tec ture, As so ci ate Mem ber (2000)
Uni ver sity of Osijek, Fac ulty of Me chan i cal En gi neer ing, Trg 
Ivane Brliæ Mažuraniæ 18, 35000 Slavonski Brod
+385 35 446188, +385 35 446707, +385 35 446515, fax:
+385 35 446446, e-mail: dragomir.krumes@sfsb.hr
Ma te ri als in Me chan i cal En gi neer ing, Heat Treat ment
Ma te ri als, New Ma te ri als and Tech nol o gies, Heat Treat ment
and Sur face En gi neer ing, Thermodiffusion in Heat
Treat ment, Tribology

Kurtanjek, Želimir, Prof. PhD.
Born: 1946
De part ment of Chem i cal En gi neer ing, 
As so ci ate Mem ber (1998)
Uni ver sity of Zagreb, Fac ulty of Food Tech nol ogy and
Bio tech nol ogy, Pierottijeva 6, 10000 Zagreb
+385 1 4605294, fax: +385 1 4836083, 
e-mail: cabeq@pbf.hr
Chem i cal En gi neer ing, Bio chem i cal En gi neer ing, Food
En gi neer ing, Pro cess Con trol, Pro cess Mod el ling

Kujundžiæ, Trpimir, Assist. Prof. PhD.
Born: 1964
Department of Mining and Metallurgy
Col lab o rat ing Mem ber (2009)
University of Zagreb, Faculty of Mining, Geology and
Petroleum Engineering, Pierottijeva 6, 10000 Zagreb
+385 1 5535881, fax: +385 1 5535860
e-mail: tkujun@rgn.hr
Rock Mechanics, Me chan i cal Rock Comminution, Quarrying
of Dimension Stone

Kviz, Boris, Prof. PhD. (re tired)
Born: 1931
De part ment of Com mu ni ca tion Sys tems, 
Mem ber Emer i tus (1994)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129612, fax: +385 1 6129717,
Optoelectronics, Op ti cal Com mu ni ca tions, Radiopositioning,
Radio navi ga tion, Ra dio te lem e try
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Ladanyi, Branko, Prof. emer. PhD. (re tired)
Born: 1922
Hon or ary Mem ber (2005)
Département des génies civil, géologique et des mines
CP 6079, succ. Cen tre-ville
Montréal, QC, H3C 3A7, Can ada
1-514 3404711 #4804, fax: 1-514 3405841,
e-mail: bladanyi@polymtl.ca, branko.ladany@polymtl.ca
Artificial Ground Freezing, Northern Construction, Climatic
Change Effects

Lapaine, Miljenko, Prof. PhD.
Born: 1952
De part ment of Civil En gi neer ing and Ge od esy, 
Full Mem ber (1998)
Uni ver sity of Zagreb, Fac ulty of Ge od esy, Kaèiæeva 26, 10000 Zagreb
+385 1 4639273, fax: +385 1 4828081, 
e-mail: mlapaine@geof.hr, Miljenko.Lapaine@hatz.hr,
http://www.tkojetko.irb.hr/en/znanstvenikDetalji.php?sifznan=2408
Ge od esy, Car tog ra phy, Geoinformatics, Math e mat ics, His tory
of Sci ence, Map Pro jec tions, Math e mat i cal Pro cess ing of
Geo detic Data, His tory of Car tog ra phy
Vice-President of the Croatian Academy of Engineering

Lelas, Vesna, Prof. PhD.
Born: 1947
De part ment of Bioprocess En gi neer ing, 
As so ci ate Mem ber (2000)
Uni ver sity of Zagreb, Fac ulty of Food Tech nol ogy and
Bio tech nol ogy, Pierottijeva 6, 10000 Zagreb
+385 1 4605287, fax: +385 1 4836083, 
e-mail: vlelas@pbf.hr
Pres er va tion Pro cesses of Var i ous Food stuffs; Rhe o log i cal
and Therophysical Prop er ties of Food; Ap pli ca tion of High
Hy dro static Pres sure, Tribomechanical Micronization and
Ul tra sound Pro cess ing in Food Tech nol ogy

Lipiènik, Mar tin, Prof. PhD.
Born: 1947
De part ment of Trans port, 
Cor re spon dent Mem ber (2005)
Uni ver sity of Maribor, Fac ulty of Lo gis tics,
Mariborska cesta 2, 3000 Celje, Slovenia
+386 3 4244178, +386 3 4282682, +386 3 41677215,
mar tin.lipicnik@uni-mb.si
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Lipovac, Vladi mir, Prof. PhD.
Born: 1956
De part ment of Com mu ni ca tion Sys tems, 
As so ci ate Mem ber (2004)
Uni ver sity of Dubrovnik, Æira Cariæa 4, 20000 Dubrovnik
+385 20 445748, fax: +385 20 435590, 
e-mail: vlipovac@unidu.hr
Mo bile Ra dio Com mu ni ca tions, Mi cro wave Com mu ni ca tion
Sys tems, Com mu ni ca tions The ory, Com puter Net works and
Pro to cols, Test and Mea sure ment in Com mu ni ca tion Sys tems

Lišèiæ, Božidar, Prof. PhD. (re tired)
Born: 1929
Mem ber Emer i tus (1998)
Cro atian Acad emy of Sci ences and Arts (HAZU) Full Mem ber
Uni ver sity of Zagreb, Fac ulty of Me chan i cal En gi neer ing and 
Na val Ar chi tec ture, Ivana Luèiæa 5, 10000 Zagreb
+385 1 6168360, fax: +385 1 6156940, 
e-mail: bozidar.liscic@fsb.hr,
http://www.hazu.hr/Akademici/BLiscic.html
Ma te rial Sci ence and En gi neer ing Heat Treat ment, Sur face
En gi neer ing, Heat Treat ment of Steel

Lonèariæ, Rudolf, Prof. PhD. (re tired)
Born: 1932
Hon or ary Mem ber (2004)
Nikole Tesle 8a, 42000 Varaždin

Lonèariæ, Sven, Prof. PhD.
Born: 1961
De part ment of In for ma tion Sys tems, 
As so ci ate Mem ber (2009)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129891, fax: +385 1 6129652, 
e-mail: sven.loncaric@fer.hr, http://ipg.zesoi.fer.hr/loncaric
Im age Pro cess ing, Im age Anal y sis, Com puter Vi sion, Pat tern
Rec og ni tion, Med i cal Im ag ing, Med i cal Im age Anal y sis,
Vol ume Vi su al iza tion, Neu ral Net works, Vir tual Re al ity
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Lovreèek, Mladen, Assoc. Prof. PhD.
Born: 1946
De part ment of Graph i cal En gi neer ing, 
Col lab o rat ing Mem ber (2000)
Uni ver sity of Zagreb, Fac ulty of Graphic Arts, Getaldiæeva 2,
10000 Zagreb
+385 1 2371080, fax: +385 1 2371077, 
e-mail: lovrecek@grf.hr
Ad vanced Pro cesses in Graphic Re pro duc tion: Physico
Chem i cal and Elec tro Chem i cal As pects of Im ag ing

Lovriæ, Josip, Prof. emer. PhD. (re tired)
Born: 1928
De part ment of Trans port
Mem ber Emer i tus (1993)
Uni ver sity of Dubrovnik, De part ment of Mar i time Stud ies,
Æire Cariæa 4, 20000 Dubrovnik
+385 20 445707, fax: +385 20 435590,
e-mail: josip.lovric@unidu.hr
Na val Ar chi tec ture, Mar i time Af fairs, Ed u ca tion, Ship
De sign, Terotechnology, Mar i time Ed u ca tion

Lovriæ, Tomislav, Prof. emer. PhD. (re tired)
Born: 1925
De part ment of Bioprocess En gi neer ing, 
Mem ber Emer i tus (1994)
Èazmanska 2/IV, 10000 Zagreb
Food Sci ence, Food En gi neer ing, Food Tech nol ogy, Food
Pres er va tion, Food Col our and Fla vor Sta bil ity, Food
Pres er va tion Pro cesses (Freez ing, Dry ing, Freeze Dry ing,
Non-ther mal Pro cess ing), New Food Prod uct and Pro cess
De vel op ment, Pro cess ing Plant De sign

Ljuljka, Boris, Prof. PhD. (re tired)
Born: 1937
De part ment of Bioprocess En gi neer ing, 
Mem ber Emer i tus (1994)
Uni ver sity of Zagreb, Fac ulty of For estry, Svetošimunska 25,
10000 Zagreb
+385 1 2302288, +385 1 2352555, fax: +385 1 2318616, 
e-mail: boris.ljuljka@optinet.hr
Wood Fin ish ing, Wood Glu ing, Fur ni ture Qual ity,
Man u fac tur ing of Fur ni ture
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Majdandžiæ, Niko, Prof. PhD.
Born: 1941
De part ment of In for ma tion Sys tems, 
As so ci ate Mem ber (2000)
Fac ulty of Me chan i cal En gi neer ing, Trg Ivane
Brliæ-Mažuraniæ, 35000 Slavonski Brod
+385 35 446188, +385 35 446718, fax: +385 35 446446, 
e-mail: nmajdan@sfsb.hr
Me chan i cal En gi neer ing, In for ma tion Sys tems, Pro duc tion
Man age ment, Main te nance Plan ning Meth ods, De vel op ment
of ERP Sys tems, Sin gle Pro duc tion Man age ment,
Main te nance of In for ma tion Sys tems, New Plan ning
Meth ods, Op ti mi za tion of Pro ject Du ra tion

Malariæ, Krešimir, Assoc. Prof. PhD.
Born: 1969
De part ment of Com mu ni ca tion Sys tems,
Col lab o rat ing Mem ber (2005)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129789, +385 1 6129999, fax: +385 1 6129717,
e-mail: kresimir.malaric@fer.hr
Wire less Com mu ni ca tions, Sat el lite Com mu ni ca tions,
Elec tro mag netic Com pat i bil ity, Bio med i cal Ef fects of
Elec tro mag netic Fields

Malbaša, Niko, PhD.
Born: 1948
De part ment of Power Sys tems, 
Col lab o rat ing Mem ber (1998)
Ekonerg Ltd., Koranska 5, 10000 Zagreb
+385 1 6000126, fax: +385 1 6171560, 
e-mail: niko.malbasa@ekonerg.hr
En ergy, En vi ron men tal Pro tec tion, In fra struc ture Site
Se lec tion and In ves ti ga tions, En vi ron men tal Re ports and
En vi ron men tal Im pact As sess ment Stud ies, Li cens ing
Ac tiv i ties, Waste Man age ment, Health and En vi ron men tal
Risk Anal y ses

Mandiæ, Milena L., Prof. PhD.
Born: 1949
De part ment of Bioprocess En gi neer ing, 
As so ci ate Mem ber (2000)
Uni ver sity of Osijek, Fac ulty of Food Tech nol ogy, Franje
Kuhaèa 18, 31000 Osijek
+385 31 224300, fax: +385 31 207105, 
e-mail: milena.mandic@ptfos.hr,
http://zhp.ptfos.hr/en/in dex.html
Bio tech nol ogy, Food Tech nol ogy, Hu man Nu tri tion
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Mandžuka, Sadko, PhD.
Born: 1956
De part ment of Sys tems and Cy ber net ics, 
Col lab o rat ing Mem ber (2005)
Faculty of Traffic Science, University of Zagreb,
Vukeliæeva 4, 10000 Zagreb
+385 1 6504409, fax: +385 1 6504400, 
e-mail: sadko.mandzuka@fpz.hr, http://www.hrbi.hr/sadko
Intelligent Transport Systems, Incident Management System, 
Complex Control Theory, Underwater Systems and
Technology

Mariæ, Zvonimir, Prof. PhD.
Born: 1944
De part ment of Civil En gi neer ing and Ge od esy, 
Col lab o rat ing Mem ber (1994)
Uni ver sity of Osijek, Fac ulty of Civil En gi neer ing, Crkvena
21, 31000 Osijek
+385 31 540070, 
e-mail: zmaric@gfos.hr, zvonimir.maric@gfos.hr
Civil En gi neer ing, Struc tural En gi neer ing, Bridge
En gi neer ing, Pre stressed Con crete Struc tures, De sign of
Pre stressed Con crete Struc tures, De sign of Con crete Bridges, 
His tory of Bridges, Ed u ca tion

Markotiæ, Anto, Prof. PhD
Born: 1942
De part ment of Min ing and Met al lurgy, 
Full Mem ber (1994)
Uni ver sity of Zagreb, Fac ulty of Met al lurgy, Aleja narodnih
heroja 3, 44103 Sisak
+385 44 533381, +385 44 533378, fax: +385 44 533378, 
e-mail: markotic@siscia.simet.hr
Met al lurgy, Met al lurgy of Iron and Steel, Met al lurgy of
Alu minium, De vel op ment of Met al lurgy, Tech ni cal Cul ture

Maroviæ, Pavao, Prof. PhD.
Born: 1954
De part ment of Civil En gi neer ing and Ge od esy,
As so ci ate Mem ber (2000)
Uni ver sity of Split, Fac ulty of Civil En gi neer ing and
Ar chi tec ture, Matice hrvatske 15, 21000 Split
+385 21 303380, +385 21 303333, fax: +385 21 465117
e-mail: Pavao.Marovic@gradst.hr
Com pu ta tional Me chan ics, Ex per i men tal Meth ods, Nu mer i cal 
Mod el ing of Re in forced and Pre stressed Con crete Struc tures,
Com pu ta tional Mod el ing of En gi neer ing Struc tures, In Situ
Test ing of En gi neer ing Struc tures
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Marušiæ, Josip, Prof. PhD.
Born: 1943
De part ment of Civil En gi neer ing and Ge od esy, 
Full Mem ber (2002)
Uni ver sity of Zagreb, Fac ulty of Civil En gi neer ing, Kaèiæeva
26, 10000 Zagreb
+385 1 4828054, fax: +385 1 4639236, 
e-mail: marusicj@grad.hr
Wa ter Re source Man age ment, Hydrotechnology, Op ti miz ing
Hy dro-me lio ra tion Sys tems for Drain age, Pol lu tion Con trol of 
Wa ter and the En vi ron ment, Con struc tion Man age ment,
Pro tec tion Against Harm ful Wa ter Ac tion

Matanoviæ, Davorin, Prof. PhD.
Born: 1949
De part ment of Min ing and Met al lurgy, 
Col lab o rat ing Mem ber (2002)
Uni ver sity of Zagreb, Fac ulty of Min ing, Ge ol ogy and
Pe tro leum En gi neer ing, Pierottijeva 6, 10000 Zagreb
+ 385 1 5535835, +385 1 4836074,
e-mail: dmatan@rgn.hr
Pe tro leum En gi neer ing, Cor ro sion and Ma te rial Pro tec tion
Tribology, Drill ing Tech niques, Well Com ple tion and
Workover, Drill ing and Pro duc tion of Wa ter, Cor ro sion and
Pro tec tion of Ma te ri als, Waste Dis posal by In jec tion into
Deep Wells

Matejièek, Franjo, Prof. PhD.
Born: 1949
De part ment of Me chan i cal En gi neer ing and Na val
Ar chi tec ture,
Col lab o rat ing Mem ber (1998)
Fac ulty of Me chan i cal En gi neer ing, Trg Ivane Brliæ
Mažuraniæ 18, 35000 Slavonski Brod
+385 35 446188, fax: +385 35 446446, 
e-mail: franjo.matejicek@sfsb.hr, fmatej@sfsb.hr
http://www.sfsb.hr/djel.php?ko=fmatej
The ory of Elas tic ity and Plas tic ity, Dy nam ics of Ma chin ery,
Fi nite El e ment Method, Frac ture Me chan ics, Con tact
Prob lems

Math, Miljenko, Prof. PhD.
Born: 1949
Department of Mechanical Engineering and Naval
Architecture, Col lab o rat ing Mem ber (2009)
Uni ver sity of Zagreb, Fac ulty of Me chan i cal En gi neer ing and 
Na val Ar chi tec ture, Ivana Luèiæa 5, 10000 Zagreb
+385 1 6168315, fax: +385 1 6168315
miljenko.math@fsb.hr,
http://www.fsb.hr/deformiranje/mmath.htm
Mechanical engineering, Technology
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Medak, Damir, Prof. PhD.
Born: 1968
De part ment of Civil En gi neer ing and Ge od esy, 
As so ci ate Mem ber (2009)
Uni ver sity of Zagreb, Fac ulty of Ge od esy, Kaèiæeva 26, 10000 
Zagreb
+385 1 4639227, fax: +385 1 4828081, 
e-mail: damir.medak@geof.hr
http://www.geof.hr/~dmedak
Ge od esy, Geoinformatics, Geomatics, Spa tial Da ta bases,
Spa tial Data Anal y sis, Soft ware En gi neer ing

Medica, Vladi mir, Prof. PhD.
Born: 1950
De part ment of Me chan i cal En gi neer ing and Na val
Ar chi tec ture, Col lab o rat ing Mem ber (2002)
Uni ver sity of Rijeka, Fac ulty of En gi neer ing, Vukovarska 58,
51000 Rijeka
+385 51 651523, fax: +385 51 675818, 
e-mail: medica@riteh.hr, Vladi mir.Medica@riteh.hr
Tech ni cal Sci ences, Me chan i cal En gi neer ing, In ter nal
Com bus tion En gines, Heat En gines, Com bus tion, Na val
Ma chin ery, Me chan i cal Vi bra tions

Medved, Vladi mir, Prof. PhD.
Born: 1951
De part ment of Sys tems and Cy ber net ics, 
As so ci ate Mem ber (1998)
Uni ver sity of Zagreb, Fac ulty of Kinesiology, Horvaæanski
zavoj 15, 10000 Zagreb
+385 1 3658660, +385 1 3658670, fax: +385 1 3634146, 
e-mail: vmedved@kif.hr, vladi mir.medved@kif.hr
Bio med i cal En gi neer ing, Biomechanics, Kinesiology,
Bio med i cal In stru men ta tion, Electrophysiological Kinesiology, 
Electromyography, Hu man Lo co mo tion Mea sure ment

Medved-Rogina, Branka, Assoc. Prof. PhD.
Born: 1958
De part ment of Com mu ni ca tion Sys tems, 
Col lab o rat ing Mem ber (1998)
Ruðer Boškoviæ In sti tute, Zavod za elektroniku, Bijenièka
cesta 54, 10000 Zagreb
+385 1 4561024, fax: +385 1 4680090, 
e-mail: medved@irb.hr
High-speed Elec tron ics and Optoelectronics, Sig nal
Pro cess ing and Sta tis ti cal Data Anal y sis
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Meštroviæ, Krešimir, Prof. PhD.
Born: 1958
Department of Electrical Engineering and Electronics
Col lab o rat ing Mem ber (2009)
KONÈAR – Electrical Engineering Institute, Fallerovo
šetalište 22, 10000 Zagreb
+385 1 3656293, fax: +385 1 3667334
e-mail: kresimir.mestrovic@koncar-institut.hr
http://nastava.tvz.hr/~kmestrovic
Electrical Engineering: Electric Power, High Voltage
Switching Devices and Switchgear

Mihanoviæ, Ante, Prof. PhD.
Born: 1948
De part ment of Civil En gi neer ing and Ge od esy, 
Full Mem ber (2009)
Uni ver sity of Split, Fac ulty of Civil En gi neer ing and
Ar chi tec ture, Matice hrvatske 15, 21000 Split
+385 21 303357, fax: +385 21 303357, 
e-mail: Ante.Mihanovic@gradst.hr
Struc tural Me chan ics, Nu mer i cal Mod el ing of Struc tures,
Light weight Con crete Struc tures, Nu mer i cal Anal y sis of
Struc tures, De sign of Con crete and Light weight Con crete
Struc tures

Mikac, Tonèi, Prof. PhD.
Born: 1955
De part ment of Me chan i cal En gi neer ing and Na val
Ar chi tec ture,
As so ci ate Mem ber (2009)
Uni ver sity of Rijeka, Fac ulty of En gi neer ing, Vukovarska 58,
51000 Rijeka
+385 51 651403, fax: +385 51 675818, 
e-mail: tmikac@riteh.hr, dekanat@riteh.hr
Man u fac tur ing Sys tems, Com puter In te grated
Man u fac tur ing, Op er a tions Man age ment, Or ga ni za tion of
Pro duc tion Sys tems, Pro duc tion En gi neer ing

Mikula, Miroslav, Prof. PhD. (re tired)
Born: 1933
De part ment of Trans port, 
Mem ber Emeritus (2008)
Klaiæeva 9a, 10000 Zagreb
Phone +385 1 3774755,
e-mail: miroslav.mikula@zg.t-com.hr
Tele com mu ni ca tion Systems in Traf fic, Tele com mu ni ca tion
Lines and Networks, Electromagnetic compatibility,
Tele com mu ni ca tion Terminals, Planning and Designing
of Telecommunication Facilities and Networks
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Mikulièiæ, Vladi mir, Prof. PhD.
Born: 1944
De part ment of Power Sys tems, 
Full Mem ber (2009)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129993, +385 1 6129999, fax: +385 1 6129890, 
e-mail: vladi mir.mikulicic@fer.hr
Elec tric Power En gi neer ing, En ergy Con ver sion Pro cesses for 
Elec tric ity Gen er a tion, Elec tric Power Sys tem Re li abil ity
Eval u a tion, Re li abil ity Mod el ing in Elec tric Power Sys tems
and Re lated Sta tis ti cal In fer ence

Mikuliæ, Dinko, As sist. Prof. PhD.
Born: 1951
De part ment of Sys tems and Cy ber net ics, 
Col lab o rat ing Mem ber (2004)
University of Applied Sciences Velika Gorica
+385 1 6230761, fax: +385 1 6251301, 
e-mail: dinko.mikulic@vvg.hr
Mo tor Ve hi cles, Spe cial Ve hi cles, Con struc tion Ma chines,
Humanitarain Demining Ma chines, Logistics

Milèiæ, Branimir, BSc. (re tired)
Born: 1929
Mem ber Ami cus (2002)
Vilka Šefera 8, 10000 Zagreb
+385 1 2313137, fax: +385 1 2313137,
e-mail: branimir.milcic@zg.t-com.hr
Pro duc tion En gi neer ing, Main te nance and Ex ploi ta tion of
Ma chine Tools, Nu mer i cal Con trol of Ma chine Tools and
Flex i ble Man u fac tur ing Sys tems, Meth ods of Rapid
Prototyping, Life Cy cle of Prod ucts (Ma chin ery) and
Sus tain able De vel op ment

Milkoviæ, Mateo, Prof. PhD.
Born: 1947
De part ment of Elec tri cal En gi neer ing and Elec tron ics, 
As so ci ate Mem ber (2004)
Uni ver sity of Dubrovnik, Æira Cariæa 4, 20000 Dubrovnik
+385 20 445700, +385 20 445710, fax: + 385 20 435590,
e-mail: mateo.milkovic@unidu.hr, rektorat@unidu.hr
Power En gi neer ing, Elec tri cal Ma chines and Drives
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Miloš, Ivan, Prof. PhD.
Born: 1948
Department of Transport
Collaborating Member (2009)
Uni ver sity of Rijeka, Tech ni cal Fac ulty, Vukovarska 58,
51000 Rijeka
+385 51 353747, fax: +385 51 673529
e-mail: ivan.milos@veleri.hr
Temporary transport technologies and information science

Milun, Stanko, Prof. PhD.
Born: 1944
De part ment of Elec tri cal En gi neer ing and Elec tron ics, 
As so ci ate Mem ber (1995)
Uni ver sity of Split, Fac ulty of Elec tri cal En gi neer ing,
Me chan i cal En gi neer ing and Na val Ar chi tec ture, Ruðera
Boškoviæa bb, 21000 Split
+385 21 563777, fax: +385 21 563877, 
e-mail: stanko.milun@fesb.hr
Elec tri cal En gi neer ing, Me trol ogy

Mlinariæ, Hrvoje, As sist. Prof. PhD.
Born: 1973
De part ment of In for ma tion Sys tems,
Col lab o rat ing Mem ber (2007)
Fac ulty of Elec tri cal En gi neer ing and Com put ing, Unska 3,
10000 Zagreb
+385 1 6129842, fax: +385 1 6129785,
e-mail: hrvoje.mlinariæ@fer.hr
Com puter sci ence, Ad vance Pro ces sor Ar chi tec ture, Hard ware 
Design, Pro gram ma ble Logic, Soft ware Design

Modlic, Borivoj, Prof. PhD.
Born: 1950
De part ment of Com mu ni ca tion Sys tems, 
Full Mem ber (1998)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129672, +385 1 6129999, fax: +385 1 6129717, 
e-mail: borivoj.modlic@ieee.org
Elec tro mag netic Com pat i bil ity, Bio med i cal Ef fects of
Elec tro mag netic Fields, RF Power Cir cuits and Trans mit ters, 
Dig i tal Com mu ni ca tion Sys tems, EMF Ex po sure Es ti ma tion,
RF De vices Test ing and Mea sure ment
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Moguš-Milankoviæ, Andrea, PhD.
Born: 1953
De part ment of Chem i cal En gi neer ing,
As so ci ate Mem ber (2009)
Ruðer Boškoviæ In sti tute, Bijenièka c. 54, 10002 Zagreb
+385 1 4561149, fax: +385 1 4680085,
e-mail: mogus@irb.hr; http://www.irb.hr/home/andrea
Spec tro scopic Char ac ter iza tion, Elec tri cal, Ther mal
Prop er ties of Ma te ri als, Bio-ma te ri als

Mornar, Vedran, Prof. PhD.
Born: 1959
De part ment of In for ma tion Sys tems,
Full Member (2007)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
e-mail: vedran.mornar@fer.hr
Operation Research, Information Systems, Programming
Languages

Mravak, Ivan, MSc.
Born: 1954
Mem ber Ami cus (2005)
Hrvatska elektroprivreda d.d., Ulica grada Vukovara 37,
10000 Zagreb
+385 1 6322706, +385 1 6322720, fax+385 1 6170439,
e-mail: ivan.mravak@hep.hr
Re li abil ity of Elec tric and Power Sys tems

Mrnjavac, Edna, Prof. PhD.
Born: 1958
De part ment of Trans port, 
As so ci ate Mem ber (1998)
Uni ver sity of Rijeka, Fac ulty of Tour ism and Hos pi tal ity
Man age ment, Primorska 42, Ika, 51410 Opatija
+385 51 294699,
e-mail: edna.mrnjavac@fthm.hr
Econ omy of Trans port, Managment
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Mrša, Zoran, Prof. PhD.
Born: 1951
De part ment of Me chan i cal En gi neer ing and Na val
Ar chi tec ture, As so ci ate Mem ber (1998)
Uni ver sity of Rijeka, Fac ulty of En gi neer ing, Vukovarska 58,
51000 Rijeka
+385 51 651444, +385 51 651500, fax: +385 51 675818, 
e-mail: mrsa@rijeka.riteh.hr
Tech ni cal Sci ences, Fluid Me chan ics, Hy drau lic Ma chin ery,
Com pu ta tional Fluid Dy nam ics, Shape Op ti mi za tion

Muftiæ, Osman, Prof. emer. PhD. (re tired)
Born: 1930
Mem ber Emer i tus (1993)
Uni ver sity of Zagreb, Fac ulty of Me chan i cal En gi neer ing and 
Na val Ar chi tec ture, Ivana Luèiæa 5, 10000 Zagreb
+385 1 6168222, fax: +385 1 6158940, 
e-mail: osman.muftic@fsb.hr
Me chan ics of Rigid and Strength Bod ies, Biomechanics,
Er go nom ics, Phys i o log i cal An thro pol ogy, Ap plied Me chan ics

Novak, Srðan, Prof. PhD.
Born: 1952
De part ment of Bioprocess En gi neer ing, 
Col lab o rat ing Mem ber (2000)
Uni ver sity of Zagreb, Fac ulty of Food Tech nol ogy and
Bio tech nol ogy, Pierottijeva 6, 10000 Zagreb
+385 1 4605042, fax: +385 1 4836083, 
e-mail: srnovak@pbf.hr
Bio chem i cal En gi neer ing, Mi cro bial Phys i ol ogy, In dus trial
Mi cro bi ol ogy, Mi cro bial Bio mass Pro duc tion and Use,
Prod ucts of Pri mary Me tab o lism, Bioreactor De sign,
In te grated Pro cesses in En vi ron ment Pro tec tion

Obad Šæitaroci, Mladen, Prof. PhD.
Born: 1955
De part ment of Ar chi tec ture and Ur ban Plan ning, 
Full Mem ber (1998)
Cro atian Acad emy of Sci ences and Arts (HAZU)
Col lab o rat ing Mem ber
Uni ver sity of Zagreb, Fac ulty of Ar chi tec ture, Kaèiæeva 26,
10000 Zagreb
+385 1 4639265, fax: +385 1 4639265, +385 1 2430992,
e-mail: mladen.scitaroci-obad@zg.t-com.hr
Ar chi tec ture and Ur ban ism, Land scape Ar chi tec ture, Town
Plan ning, His tory of Land scape Ar chi tec ture and Town
Plan ning
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Oreškoviæ, Vladi mir, Prof. PhD. (re tired)
Born: 1928
De part ment of Textil En gi neer ing
Mem ber Emer i tus (1994)
Uni ver sity of Zagreb, Fac ulty of Tex tile Tech nol ogy,
Pierottijeva 6, 10000 Zagreb
+385 1 4836058, fax: +385 1 4836058, 
e-mail: vladi mir.oreskovic@ttf.hr
Tex tile Me chanic and Comput. De sign

Palik, František, PhD. (re tired)
Born: 1932
De part ment of Trans port, 
Cor re spond ing Mem ber (2005)
Fac ulty West Bo he mia Uni ver sity, Univerzitni 8, Pilsen,
Czech Re pub lic
E-mail: frantisek.palik@hatz.hr

Paljan, Davorin, Prof. PhD. (re tired)
Born: 1933
De part ment of Elec tri cal En gi neer ing and Elec tron ics,
Col lab o rat ing Mem ber (1998)
Kraljevec 15, 10000 Zagreb
+385 1 4578503,
e-mail: dpaljan@hotmail.com
Re search and De vel op ment of Elec tri cal Ma chines, Noise and 
Vi bra tion, Con trol and Mea sure ments of Elec tri cal Ma chines, 
Acous ti cal Di ag nos tics of Ma chines

Pap, Klaudio, As sist. Prof. PhD.
Born: 1963
De part ment of Graph i cal En gi neer ing, 
Col lab o rat ing Mem ber (2005)
Uni ver sity of Zagreb, Fac ulty of Graphic Arts, Getaldiæeva 2,
10000 Zagreb
+385 1 6157157, fax: +385 1 6157134, 
e-mail: klaudio.pap@zg.t-com.hr
Graphic Tech nol ogy, Com puter Graphics, Com puter Mod el ing 
and Sim u la tion, Dig i tal Print ing, Im age and Text Pro cess ing, 
Graphic Pro gram ming Lan guages, In ter ac tive Web
Pro gram ming, Web Tech nol ogy
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Parac-Osterman, Ðurðica, Prof. PhD.
Born: 1946
De part ment of Tex tile Tech nol ogy, 
Col lab o rat ing Mem ber (2005)
Uni ver sity of Zagreb, Fac ulty of Tex tile Tech nol ogy, Baruna
Filipoviæa 30, 10000 Zagreb
+385 1 4877359, fax: +385 1 4877355, 
e-mail: djparac@ttf.hr
Color Mea sure ment and Color Man age ment, Tex tile Dye ing and 
Print ing, Rhe o log i cal Char ac ter is tics to the Sys tem Thick ener /
Paint, Color Phe nom ena in Prac ti cal Use and Mul ti me dia,
En vi ron men tally-friendly Dye ing Pro cesses, Phys i cal-chem i cal
and Dye ing Prop er ties of Nat u ral and Man-made Fi bers

Paviæ, Ivica, Assoc. Prof. PhD.
Born: 1962
De part ment of Elec tri cal En gi neer ing and Elec tron ics,
Col lab o rat ing Mem ber (2007)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129984, fax: +385 1 6129890,
e-mail: ivica.pavic@fer.hr
Power System Analysis, Transmission Lines, Power System
Control

Pegan, Sreèko, Prof. PhD.
Born: 1949
De part ment of Ar chi tec ture and Ur ban Plan ning, 
As so ci ate Mem ber (2002)
Uni ver sity of Zagreb, Fac ulty of Ar chi tec ture, Kaèiæeva 26,
10000 Zagreb
+385 1 4639222/433, fax: +385 1 4639284, 
e-mail: srecko.pegan@arhitekt.hr
Re gional Plan ning, Town Plan ning, Ur ban De vel op ment,
En vi ron men tal Pro tec tion

Periæ, Nedjeljko, Prof. PhD.
Born: 1950
De part ment of Sys tems and Cy ber net ics, 
Full Mem ber (1998)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129855, +385 1 6129795, +385 1 6129999, fax:
+385 1 6129809, 
e-mail: nedjeljko.peric@fer.hr, http://www.fer.hr/nedjeljko.peric
Plant and Pro cess Au to ma tion, Servo Sys tems, Ad vanced
Con trol Al go rithms (Pre dic tive Con trol, Neuro-fuzzy
Con trol), Sys tem Iden ti fi ca tion, Es ti ma tion, Ap pli ca tions in
Power En gi neer ing and Trans port
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Petroviæ, Ivan, Assoc. Prof. PhD.
Born: 1961
De part ment of Sys tems and Cy ber net ics, 
Col lab o rat ing Mem ber (2005)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129844, +385 1 6129795, fax: +385 1 6129809,
e-mail: ivan.petrovic@fer.hr, http://www.apr.fer.hr/petrovic
Mo bile Ro bot ics, Telerobotics, In tel li gent Con trol and
Es ti ma tion The ory

Piliæ-Rabadan, Ljiljana, Prof. PhD. (re tired)
Born: 1930
Mem ber Emer i tus (1994)
Uni ver sity of Split, Fac ulty of Elec tri cal En gi neer ing,
Me chan i cal En gi neer ing and Na val Ar chi tec ture, Ruðera
Boškoviæa bb, 21000 Split
+385 21 563777, fax: +385 21 563877, 
e-mail: ljiljana.pilic@fesb.hr

Pleština, Lenko, Prof. PhD.
Born: 1947
De part ment of Ar chi tec ture and Ur ban Plan ning, 
Col lab o rat ing Mem ber (2005)
Uni ver sity of Zagreb, Fac ulty of Ar chi tec ture, Kaèiæeva 26,
10000 Zagreb
+385 1 4639267, fax: +385 1 4828079,
e-mail: lenko.plestina@arhitekt.hr
Res i den tial (Dwell ing) Ar chi tec ture, De sign of Fam ily Houses 
and Low Rise Hous ing

Podhrasky, Pavol, Prof. PhD.
Born: 1943
De part ment od Com mu ni ca tion Sys tems,
Cor re spon dent Mem ber (2007)
+421 2 68271 413,
e-mail: podhrad@ktl.elf.stuba.sk
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Pozderoviæ, Andrija, Prof. PhD.
Born: 1950
De part ment of Bioprocess En gi neer ing, 
Col lab o rat ing Mem ber (2002)
Uni ver sity of Osijek, Fac ulty of Food Tech nol ogy, Franje
Kuhaèa 18, 31000 Osijek
+385 31 224313, fax: +385 31 207115, 
e-mail: andrija.pozderovic@ptfos.hr
Pro cesses in the Food In dus try, Pro cess ing of Fruit and
Veg e ta bles, Wine mak ing

Pribièeviæ, Boško, Prof. PhD.
Born: 1962
Department of Civil Engineering and Geodesy
Collaborating Member (2009)
University of Zagreb, Faculty of Geodesy, Kaèiæeva 26,
10000 Zagreb
+385 1 4639342, fax: +385 1 4828081
e-mail: bpribic@geof.hr, http:\\www.geof.hr\~bpribic
Geodesy, Hydrography, Geodynamics

Primorac, Dragan, Prof. MD. PhD.
Born: 1965
Hon or ary Mem ber (2007)
Trg hrvatskih velikana 6, 10000 Zagreb
+385 1 4569001, fax: +385 1 4617962,
e-mail: dragan.primorac@st.tel.hr
Fo ren sic Ge net ics, Osteogenesis

 

Puž, Goran, Ph.D.
Born: 
Department of Civil Engineering and Geodesy
Collaborating Member (2009)
Civil En gi neer ing In sti tute of Croatia, Janka Rakuše 1,
10000 Zagreb
e-mail: goran.puz@igh.hr
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Radiæ, Jure, Prof. PhD.
Born: 1953
De part ment of Civil En gi neer ing and Ge od esy, 
Full Mem ber (1993)
Uni ver sity of Zagreb, Fac ulty of Civil En gi neer ing, Kaèiæeva
26, 10000 Zagreb
+385 1 4639222, fax: +385 1 4639206, 
e-mail: jradic@grad.hr
Struc tures, Bridges, Limit States and Sus tain able Bridge
En gi neer ing, Du ra bil ity of Struc tures, As set Man age ment
Sys tems of Struc tures, De sign and Recontruction

Rich ter, Branimir, Prof. PhD. (re tired)
Born: 1920
Hon or ary Mem ber (2001)
Acad emy of Med i cal Sci ences of Croatia, Šubiæeva 29, 10000
Zagreb
+385 1 4640586,
Med i cal Par a si tol ogy, Trop i cal Med i cine, Ep i de mi ol ogy,
Pub lic Health, Malariology and Ma laria Erad i ca tion
Pro grams, Helminthiases and their Con trol, Med i cal
Ed u ca tion, Telemedicine

Rich ter, Kurt, Prof. PhD. (re tired)
Born: 1933
De part ment of Elec tri cal En gi neer ing and Elec tron ics 
Hon or ary Mem ber (1994)
Technische Universitaet Graz, Institut fuer Grundlagen und
Theorie der Elektrotechnik, Kopernikusgasse 24, 8010 Graz,
Oesterreich
e-mail: k.rich ter@tugraz.at
Fun da men tals and The ory of Elec tri cal En gi neer ing

Rimac-Drlje, Snježana, As sist. Prof. PhD.
Born: 1965
De part ment of Com mu ni ca tion Sys tems,
Col lab o rat ing Mem ber (2005)
Uni ver sity of Osijek, Fac ulty of Elec tri cal En gi neer ing,
Kneza Trpimira 2B, 31000 Osijek
+385 31 224759, fax: +385 31 224605,
e-mail: rimac@etfos.hr
Im age Pro cess ing, Im age and Video Com pres sion and Cod ing, 
Ra dio-wave Prop a ga tion, Mul ti me dia Com mu ni ca tion
Sys tems
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Risoviæ, Stjepan, Prof. PhD.
Born: 1955
De part ment of Bioprocess En gi neer ing, 
As so ci ate Mem ber (2009)
Uni ver sity of Zagreb, Fac ulty of For estry, Svetošimunska 25,
10000 Zagreb
e-mail: stjepan.risovic@sumafak.hr
Tech nol ogy, Bio tech nol ogy, For estry Bio mass Uti li za tion,
Solid Bio mass Fu els Stan dard iza tion, En ergy Ef fi ciency in
the Wood In dus try

Rogale, Dubravko, Prof. PhD.
Born: 1955
De part ment of Tex tile Tech nol ogy, 
Full Mem ber (2009)
Uni ver sity of Zagreb, Fac ulty of Tex tile Tech nol ogy, Prilaz
baruna Filipoviæa 126/III, 10000 Zagreb
+385 1 3712510, fax: +385 1 3712519, 
e-mail: dubravko.rogale@ttf.hr, dubravko.rogale@zg.t-com.hr
http://www.ttf.hr/in dex.php?str=53&osoba=16
Pro cess of Gar ment Pro duc tion, Pro cess Pa ram e ters,
Mea sure ment Equip ment, New Meth ods of Com put er ized
Con struc tion of Gar ment Pat terns, In tel li gent Cloth ing

Roje, Vesna, Prof. PhD.
Born: 1944
De part ment of Elec tri cal En gi neer ing and Elec tron ics, 
Full Mem ber (2002)
Uni ver sity of Split, Fac ulty of Elec tri cal En gi neer ing,
Me chan i cal En gi neer ing and Na val Ar chi tec ture,
Ruðera Boškoviæa bb, 21000 Split
+385 21 305699
e-mail: vroje@fesb.hr
Elec tro mag netic Fields, An ten nas, Elec tro mag netic
Com pat i bil ity

Rotim, Franko, Prof. PhD. (re tired)
Born: 1939
De part ment of Trans port, 
Full Mem ber (1994)
Uni ver sity of Zagreb, Fac ulty of Trans port and Traf fic
En gi neer ing, Vukeliæeva 4, 10000 Zagreb
+385 1 2380217, fax: +385 1 6116191, 
e-mail: Franko.Rotim@hatz.hr, rotim@hzdp.hr
Me chan i cal En gi neer ing and Trans por ta tion, Me chan ics,
Traf fic En gi neer ing, Ac ci dent Re con struc tion and Traf fic
Safety, Ki net ics, Ve hi cle Col li sions, Me chan ics in Traf fic
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Rožaniæ, Igor, Prof. PhD. (re tired)
Born: 1927
Hon or ary Mem ber (1998)
Nova cesta 98a, 51415 Opatija
+385 51 711762, fax: +385 51 272005,
Na val Ar chi tec ture, Off shore En gi neer ing, Weld ing and
Al lied Pro cesses Test ing, Mea sure ment and Con trol of Welds, 
Sci ence and Re search Meth od ol ogy

Rožiæ, Nikola, Prof. PhD.
Born: 1942
De part ment of In for ma tion Sys tems, 
Full Mem ber (1999)
Uni ver sity of Split, Fac ulty of Elec tri cal En gi neer ing,
Me chan i cal En gi neer ing and Na val Ar chi tec ture, R.
Boškoviæa bb, 21000 Split
+385 21 305777, fax: +385 21 463877, 
e-mail: nikola.rozic@fesb.hr
Tele com mu ni ca tion and In for ma tion Sys tems, Fore cast ing
and Plan ning, Com mu ni ca tion and In for ma tion Ser vices and
Ap pli ca tions, Re source Man age ment in Wire less Sys tems,
Mul ti me dia Sys tems, Sig nal Pro cess ing and Cod ing

Ružinski, Nikola, Prof. PhD.
Born: 1945
De part ment of Me chan i cal En gi neer ing and Na val
Ar chi tec ture,
Col lab o rat ing Mem ber (1994)
Min is try of En vi ron men tal Pro tec tion, Phys i cal Plan ning and 
Con struc tion, Ulica Republike Austrije 20, 10000 Zagreb
+385 1 3782413,
e-mail: nikola.ruzinski@mzopu.hr
Me chan i cal En gi neer ing, Ecol ogy, Wa ter Treat ment

Salopek, Branko, Prof. PhD.
Born: 1942
De part ment of Min ing and Met al lurgy, 
Full Mem ber (2002)
Uni ver sity of Zagreb, Fac ulty of Min ing, Ge ol ogy and
Pe tro leum En gi neer ing, Pierottijeva 6, 10000 Zagreb
+385 1 5535888, fax: +385 1 5535860,
e-mail: Branko.Salopek@hatz.hr, bsalopek@rgn.hr
Min eral Pro cess ing Tech nol ogy, Re cy cling of Solid Waste
Ma te ri als, En vi ron men tal Pro tec tion 
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Seèen, Josip, Prof. PhD. (re tired)
Born: 1939
De part ment of Power Sys tems, 
Mem ber Emer i tus (2009)
Uni ver sity of Zagreb, Fac ulty of Min ing, Ge ol ogy and
Pe tro leum En gi neer ing, Pierottijeva 6, 10000 Zagreb
+385 1 5535843, 
e-mail: josip.secen@rgn.hr, jsecen@nafta.hr
De vel op ment of Oil, Gas and Gas-con den sate Res er voirs,
Pri mary, Sec ond ary and Ter tiary Stages

Senjanoviæ, Ivo, Prof. PhD
Born: 1940
De part ment of Me chan i cal En gi neer ing and Na val
Ar chi tec ture, Full Mem ber (1994)
Cro atian Acad emy of Sci ences and Arts (HAZU) Full Mem ber 
(2002)
Uni ver sity of Zagreb, Fac ulty of Me chan i cal En gi neer ing and 
Na val Ar chi tec ture, Ivana Luèiæa 5, 10000 Zagreb
+385 1 6168142, fax: +385 1 6156940, 
e-mail: ivo.senjanovic@fsb.hr
Na val Ar chi tec ture, Ship and Off shore Struc tures, Wave Load and
Struc ture Re sponse, Sub ma rine, LPG tanks, Hydroelasticity,
Nu mer i cal Meth ods

Sever, Stanislav, Prof. PhD. (re tired)
Born: 1935
Mem ber Emer i tus (1998)
Britanski trg 11, 10000 Zagreb
+385 1 4821749,
e-mail: stanislav.sever@zg.t-com.hr
For estry Mech a ni za tion, Log ging Trac tors, Ter rain Ve hi cle
Sys tems, Mor pho log i cal Anal y sis, Me trol ogy, Tech ni cal
Ter mi nol ogy

Skala, Karolj, Prof. PhD.
Born: 1951
De part ment of Com mu ni ca tion Sys tems, 
Full Mem ber (1998)
Ruðer Boškoviæ In sti tute, Bijenièka cesta 54, 10000 Zagreb
+385 1 4571218, fax: +385 1 4680212, 
e-mail: skala@irb.hr, skala@grf.hr
Optoelectronics, Microcontrollers, In for ma tics, Op to el ec tronic 
De tec tion and Mea sure ments, La ser and Fi ber Op tic
Com mu ni ca tions, Microcontrollers and Pro gram ma ble
Mi cro elec tronic Sys tems and Grid Ap pli ca tions
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Sladoljev, Želimir, Prof. emer. PhD. (re tired)
Born: 1932
De part ment of Me chan i cal En gi neer ing and Na val
Ar chi tec ture, Mem ber Emer i tus (1993)
Uni ver sity of Zagreb, Fac ulty of Me chan i cal En gi neer ing and 
Na val Ar chi tec ture, Ivana Luèiæa 5, 10000 Zagreb
+385 1 6168112, fax: +385 1 6156940, 
e-mail: zelimir.sladoljev@fsb.hr
Ship build ing Tech nol ogy, Ship yard Or ga ni za tion and
Pro duc tion Man age ment, Off shore Tech nol ogy

Sokolija, Kemo, Prof. PhD.
Born: 1948
Hon or ary Mem ber (2007)
Uni ver sity of Sarajevo, Fac ulty of Elec tri cal En gi neer ing,
Zmaja od Bosne bb, 71000 Sarajevo, Re pub lic of Bosnia and
Herzegovina,
+387 33 250705, fax: +387 33 250725,
e-mail: kemo.sokolija@etf.unsa.ba, www.etf.unsa.ba
High Volt age Tech nol ogy, New In su lat ing Ma te ri als,
Trans mis sion and Dis tri bu tion, Trans por ta tion En gi neer ing

Solariæ, Nikola, Prof. emer. PhD. (re tired)
Born: 1934
De part ment of Civil En gi neer ing and Ge od esy, 
Mem ber Emer i tus (1998)
Uni ver sity of Zagreb, Fac ulty of Ge od esy, Kaèiæeva 26, 10000 
Zagreb
+385 1 4639405, fax: +385 1 4828081, 
e-mail: nsolaric@geof.hr, http://www.geof.hr/~nsolaric
Ge od esy, As tron omy, Me trol ogy, Au tom a ti za tion in
Geodetical As tron omy, Au tom a ti za tion in Sur vey ing,
Cal i bra tion Line for Electrooptical Distancemeters,
Op ti mi za tion

Soljaèiæ, Ivo, Prof. PhD. (re tired)
Born: 1935
De part ment of Tex tile Tech nol ogy, 
Mem ber Emeritus (2009)
Uni ver sity of Zagreb, Fac ulty of Tex tile Tech nol ogy, Savska
cesta 16/5, 10000 Zagreb
+385 1 4877351, fax: +385 1 4877352, 
e-mail: ivo.soljacic@pub lic.srce.hr
Tex tile Chem is try, Tex tile Pretreatments, Op ti cal
Bright en ing, Tex tile Fin ish ing, Tex tile Care, Op ti cal
Bright en ers, Flu o res cence Quench ing, White ness De gree,
Hue Change on Lightly Col ored Fab rics
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Soljaèiæ, Marin, Assist. Prof. PhD.
Born: 1974
De part ment of Elec tri cal En gi neer ing and Elec tron ics
Correspondent Member (2009)
Room 6C-419; MIT; 77 Massachusetts Avenue; Cambridge,
MA 02139; USA
+1 617 2532467, fax: +1 617 2532562
e-mail: soljacic@mit.edu, marin@alum.mit.edu,
http://www.mit.edu/~soljacic
Physics: Electromagnetic Phenomena

Somek, Branko, Prof. PhD. (re tired)
Born: 1931
Mem ber Emer i tus (1994)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129250, +385 1 6129999, fax: +385 1 6170007, 
e-mail: branko.somek@fer.hr
Acous tics, Elec tro Acous tics, Au dio Tech nol ogy, Sound
Broad cast ing, Mu si cal Acous tics, Ar chi tec tural Acous tics,
Sound Broad cast ing (RDS Sys tems for FM Broad cast ing,
Dig i ta li za tion of Ra dio Broad cast ing), Noise and Vi bra tions,
Acous ti cal Sig nal Pro cess ing

Soriæ, Jurica, Prof. PhD.
Born: 1954
De part ment of Me chan i cal En gi neer ing and Na val
Ar chi tec ture, Full Mem ber (2009)
Uni ver sity of Zagreb, Fac ulty of Me chan i cal En gi neer ing and 
Na val Ar chi tec ture, Ivana Luèiæa 5, 10000 Zagreb
+385 1 6168103, fax: +385 1 6168187, 
e-mail: jurica.soric@fsb.hr
Nu mer i cal Mod el ing of Non lin ear De for ma tion Pro cesses,
Stress and Sta bil ity Anal y sis of Thin-walled Struc tures,
Fi nite El e ment Method, Non lin ear Sta bil ity Anal y sis of Shell 
Struc tures, Nu mer i cal Mod el ing of Elastoplastic De for ma tion 
Pro cesses

Soriæ, Zorislav, Prof. PhD.
Born: 1947
De part ment of Civil En gi neer ing and Ge od esy, 
As so ci ate Mem ber (1993)
Uni ver sity of Zagreb, Fac ulty of Civil En gi neer ing, Kaèiæeva
26, 10000 Zagreb
+385 1 6329208, +385 1 4639222, fax: +385 1 4828050, 
e-mail: zorislav.soric@grad.hr, http://info.grad.hr/gf/
Con crete Struc tures, Ma sonry Struc tures, Strength en ing of
Struc tures
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Srbljiæ, Siniša, Prof. PhD.
Born: 1958
De part ment of In for ma tion Sys tems, 
Col lab o rat ing Mem ber (1998)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129954, +385 1 6129999, fax: +385 1 6129653, 
e-mail: sinisa.srbljic@fer.hr
Consumer Web computing, Widget/Service-oriented
programming, Theory of computing, Programming language
translation, Network middleware systems

Sršen, Mate, Prof. PhD.
Born: 1943
De part ment of Civil En gi neer ing and Ge od esy, 
Full Mem ber (1993)
University of Rijeka, Faculty of Civil En gi neer ing, 5 Viktora
Cara Emina Street, 51 000 Rijeka
+385 51 352111, fax: +385 51 332816, 
e-mail: mate.srsen@gradri.hr;
http://www.igh.hr/HRV/Z27/Srsen.html
Civil Engineering, Pavement Engineering, Design and
Anal y sis of Pave ment Struc tures, Road and As set
Management, Road Traffic Safety, Education

Staniša, Branko, Prof. PhD.
Born: 1941
De part ment of Power Sys tems, 
As so ci ate Mem ber (1998)
Uni ver sity of Rijeka, Tech ni cal Fac ulty, Vukovarska 58,
51000 Rijeka
+385 51 651444, fax: +385 51 675818, 
e-mail: stanisa@riteh.hr
Ero sion, Ero sion-cor ro sion and Cor ro sion in Heat Tur bines,
Cal cu la tion and De sign of Heat Tur bines, Re vi tal iza tion,
Re con struc tion and Mod ern iza tion of Steam Tur bines in
Op er a tion, Ex ploi ta tion, Main te nance and Re li abil ity of
Turboengine Func tions

Stipanièev, Darko, Prof. PhD
Born: 1955
De part ment of Sys tems and Cy ber net ics, 
Full Mem ber (1998)
Uni ver sity of Split, Fac ulty of Elec tri cal En gi neer ing,
Me chan i cal En gi neer ing and Na val Ar chi tec ture, R.
Boškoviæa bb, 21000 Split
+385 21 305813, fax: +385 21 563877, 
e-mail: dstip@fesb.hr, http://laris.fesb.hr/dstip.html
Au to matic Con trol, Com pu ta tional In tel li gence, Dig i tal Im age 
Anal y sis, Ad vanced Internet Tech nol o gies, Ap pli ca tion of
Com pu ta tional In tel li gence Meth ods in Con trol, Com plex
Sys tem Mod el ing and Anal y sis
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Suæeska, Muhamed, PhD.
Born: 1954
De part ment of Chem i cal En gi neer ing, 
Col lab o rat ing Mem ber (2002)
In sti tute for Ship build ing, Avenija Veæeslava Holjevca 20,
10000 Zagreb
e-mail: suceska@hrbi.hr
Ther mal Anal y sis, Chem is try and Phys ics of Ex plo sion and
Ex plo sives, Ther mal Anal y sis of En er getic Ma te ri als, Ki net ics 
and Mech a nism of Ther mal De com po si tion, Nu mer i cal
Mod el ing of Com bus tion, Det o na tion and Ther mal Ini ti a tion
of Ex plo sive Re ac tions

Szavits-Nossan, Antun, Prof. PhD.
Born: 1948
De part ment of Civil En gi neer ing and Ge od esy, 
Col lab o rat ing Mem ber (1993)
Uni ver sity of Zagreb, Fac ulty of Civil En gi neer ing, Kaèiæeva
26, 10000 Zagreb
+385 1 4639222, fax: +385 1 4639206, 
e-mail: nossan@grad.hr
Civil En gi neer ing-Geotechnics, Soil-struc ture In ter ac tion, Soil 
Dy nam ics, Nu mer i cal Mod el ing, Ac tive De sign

Šariæ, Slavko, Prof. PhD.
Born: 1944
De part ment of Trans port, 
Col lab o rat ing Mem ber (1998)
Uni ver sity of Zagreb, Fac ulty of Trans port and Traf fic
En gi neer ing, Vukeliæeva 4, 10000 Zagreb
+385 1 2380216, fax: +385 1 2314415, 
e-mail: slavko.saric@fpz.hr
Tele com mu ni ca tion Net works, Traf fic En gi neer ing, Mo bile
Com mu ni ca tions, In tel li gent Net works, Traf fic Plan ning,
Op ti mi za tion of Com mu ni ca tion Net works, In tel li gent
Net works

Šercer, Mladen, Prof. PhD.
Born: 1953
De part ment of Me chan i cal En gi neer ing and Na val
Ar chi tec ture, As so ci ate Mem ber (2009)
Uni ver sity of Zagreb, Fac ulty of Me chan i cal En gi neer ing and 
Na val Ar chi tec ture, Ivana Luèiæa 5, 10000 Zagreb
+385 1 6168191, fax: +385 1 6156940, 
e-mail: mladen.sercer@fsb.hr
Me chan i cal En gi neer ing, Pro duc tion En gi neer ing, Poly mer
Pro cess ing, In jec tion Mould ing Pro cess Con trol,
Trou ble shoot ing in In jec tion Mould ing, Poly mer Re cy cling
and Waste Man age ment, Pro duc tion of Rub ber Parts and
Ap pro pri ate Moulds
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Šerman, Nikola, Prof. PhD. (re tired)
Born: 1938
De part ment of Power Sys tems, 
Mem ber Emer i tus (2009)
Uni ver sity of Zagreb, Fac ulty of Me chan i cal En gi neer ing and 
Na val Ar chi tec ture, Ivana Luèiæa 5, 10000 Zagreb
+385 1 6168222, fax: +385 1 6156940, 
e-mail: nikola.serman@fsb.hr
Pro cess Dy nam ics and Con trol, Math e mat i cal Mod el ing and
Sim u la tion, Pro cess Con trol in Ther mal Power Plants

Štefanko, Stjepan, Prof. PhD.
Born: 1944
De part ment of Elec tri cal En gi neer ing and Elec tron ics, 
As so ci ate Mem ber (1994)
Konèar – Elec tri cal En gi neer ing In sti tute, Inc., Baštijanova
bb, 10000 Zagreb
+385 1 3655555, fax: +385 1 3666666, 
e-mail: sstefanko@koncar-institut.hr
Elec tri cal Ma chines, Clas si cal Elec tro mag netic The ory

Štern, Ivica, Prof. PhD. (re tired)
Born: 1933
De part ment of Chem i cal En gi neer ing, 
Mem ber Emer i tus (1994)
Fijanova 10a, 10000 Zagreb
+385 1 2343150,
e-mail: istern@fkit.hr
Chem i cal En gi neer ing Ther mo dy nam ics, Cor ro sion and
Pro tec tion of Ma te ri als, Mod el ing in Chem i cal En gi neer ing
Ther mo dy nam ics and Cor ro sion

Štih, Željko, Prof. PhD.
Born: 1955
De part ment of Elec tri cal En gi neer ing and Elec tron ics, 
Full Mem ber (1994)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129656, fax: +385 1 6170007, 
e-mail: zeljko.stih@fer.hr
Elec tro mag ne tism: Field The ory, Nu mer i cal Field
Com pu ta tion, Elec tro mag netic Com pat i bil ity, Elec tro mag netic 
Field The ory, Fi nite El e ment Method, Method of Mo ments,
De sign of Trans form ers, Elec tro mag netic Com pat i bil ity in
High-volt age Sub sta tions
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Štulhofer, Mladen, Prof. MD. PhD. (re tired)
Born: 1924
Hon or ary Mem ber (2001)
Cro atian Acad emy of Sci ences and Arts (HAZU)
Col lab o rat ing Mem ber
Acad emy of Med i cal Sci ences of Croatia, Šubiæeva 29, 10000
Zagreb
+385 1 4640586,
Vis ceral Sur gery and Ex per i men tal Sur gery

Šubariæ, Drago, Prof. PhD.
Born: 1963
Department of Bioprocess Engineering
Collaborating Member (2009)
Uni ver sity of Osijek, Faculty of Food Technology,
F. Kuhaèa 20, 31 000 Osijek
+385 31 224300, +385 98 751111, fax: +385 31 207115
e-mail: drago.subaric@ptfos.hr
Food technology; development and improvement of processes
for food production; improvement of quality and stability of
food products; rheological and thermophysical properties of
food

Šuškoviæ, Jagoda, Prof. PhD.
Born: 1955
De part ment of Bioprocess En gi neer ing,
As so ci ate Mem ber (2007)
Fac ulty of Food Tech nol ogy and Bio tech nol ogy, Uni ver sity of 
Zagreb, Pierrottijeva 6, 10000 Zagreb
+385 1 4605291; fax: +385 1 4836424,
e-mail: jsusko@pbf.hr
Mi cro bial Bio tech nol ogy-Probiotic, An ti bi otic, En zyme and
Starter Cul ture Tech nol ogy

Šušnjiæ, Livio, Assoc. Prof. PhD.
Born:
De part ment of Elec tri cal En gi neer ing and Elec tron ics, 
Col lab o rat ing Mem ber (2005)
Uni ver sity of Rijeka, Fac ulty of En gi neer ing, Vukovarska 58,
51000 Rijeka
+385 51 651443, fax: +385 51 675818,
e-mail: livio.susnjic@riteh.hr
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Terze, Zdravko, Prof. PhD.
Born: 1966
De part ment of Sys tems and Cy ber net ics, 
Col lab o rat ing Mem ber (2004)
Uni ver sity of Zagreb, Fac ulty of Me chan i cal En gi neer ing and 
Na val Ar chi tec ture, Ivana Luèiæa 5, 10000 Zagreb
+385 1 6168476 (227), 
e-mail: zdravko.terze@fsb.hr,
http://www.fsb.hr/aero/zterze.htm
Dy nam ics of Struc tural Sys tems, Nu mer i cal Meth ods and
Com pu ta tion, Dy nam ics of Air craft Struc tures, Multibody
Dy nam ics and Non-Lin ear Dy nam ics, Com pu ta tional
Aeroelasticity

Tomas, Sreæko, Prof. PhD.
Born: 1954
De part ment of Chem i cal En gi neer ing, 
As so ci ate Mem ber (2009)
Uni ver sity of Osijek, Fac ulty of Food Tech nol ogy, Franje
Kuhaèa 20, 31000 Osijek
+385 31 224300, fax: +385 31 207115, 
e-mail: srecko.tomas@ptfos.hr
Food En gi neer ing, Chem i cal En gi neer ing (Heat and Mass
Trans fer, Dry ing, Ex trac tion, Dis til la tion, Ecolical
Engineering)

Tomašiæ, Ivan, Prof. PhD.
Born: 1946
Department for Mining and Metallurgy
Associate Member (2009)
Uni ver sity of Zagreb, Faculty of Mining, Geology and
Petroleum Engineering, Pierottijeva 6, 10002 Zagreb
+385 1 5535804, fax: +385 1 4836057
e-mail: ivan.tomasic@rgn.hr
Physical-mechanical and other properties of natural stone
and aggregates. Ageing of natural stone and aggregates in
different conditions. Mineral raw materials. Exploration of
quantity and quality of mineral raw materials Particularly
natural stone and aggregates. Economic geology.

Tomašiæ, Vesna, Assoc. Prof. PhD.
Born: 1964
Department of Chemical Engineering
Collaborating Member (2009)
Uni ver sity of Zagreb, Fac ulty of Chem i cal En gi neer ing and
Tech nol ogy, Maruliæev trg 19, 10000 Zagreb
+385 1 4597103, +385 1 4597281, fax: +385 1 4597133,
+385 1 4597260
e-mail: vtomas@fkit.hr, office@fkit.hr,
Catalytic reaction engineering and air pollution control:
correlation of fundamental principles of heterogeneous
catalysts with the performance and design of catalytic
reactors; application of catalytic processes in air protection
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Tomšiæ, Željko, Assoc. Prof. PhD.
Born: 1957
De part ment of Power Sys tems, 
Col lab o rat ing Mem ber (2002)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129983, fax: +385 1 6129980, 
e-mail: zeljko.tomsic@fer.hr
En ergy and Geostrategy, En ergy Pol icy and Strat egy, Econ omy in
En ergy and Ecol ogy, En ergy Mar kets, De reg u la tion in En ergy,
Re struc tur ing of En ergy Com pa nies, Eneergy and En vi ron ment,
Power Sys tem Plan ning, Im pact As sess ment of Power Plants,
En vi ron men tal Pro tec tion in Power Sys tems, En ergy Menagement

Tonkoviæ, Stanko, Prof. PhD.
Born: 1942
De part ment of Sys tems and Cy ber net ics, 
Full Mem ber (1994)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129932, +385 1 6129642, fax: +385 1 6129652, 
e-mail: stanko.tonkovic@fer.hr
Elec tronic Mea sure ments, Elec tronic In stru men ta tion,
Bio med i cal Elec tron ics, Bio med i cal In stru men ta tion,
Bio med i cal Sig nal Pro cess ing, Bioimpendance Mea sure ment
Pres i dent of the Cro atian Acad emy of En gi neer ing

Tonkoviæ, Zdenko, Assoc. Prof. PhD.
Born: 1966
Department of Mechanical Engineering and Naval
Architecture
Collaborating Member (2009)
Institute of Applied Mechanics, Faculty of Mechanical
University of Zagreb, Engineering and Naval Architecture,
Ivana Luèiæa 5, 10000 Zagreb
+385 1 6168450, fax: +385 1 6168187
e-mail: ztonkov@fsb.hr, http://www.fsb.hr/lnm/staff/tonkovic/
Solid Mechanics, Numerical Methods, Structural Integrity

Topolnik, Dražen, Prof. PhD. (re tired)
Born: 1926
De part ment of Trans port, 
Mem ber Emer i tus (2001)
Uni ver sity of Zagreb, Fac ulty of Trans port and Traf fic
En gi neer ing, Vukeliæeva 4, 10000 Zagreb
+385 1 2380222, fax: +385 1 2314416, 
High way Plan ning and Pro gram ming, Pro ject Eval u a tion,
Traf fic Plan ning, Traf fic Flow The ory, High way Ca pac ity and 
Level of Ser vice
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Tripalo, Branko, Prof. PhD.
Born: 1946
De part ment of Bioprocess En gi neer ing, 
Full Mem ber (1998)
Uni ver sity of Zagreb, Fac ulty of Food Tech nol ogy and
Bio tech nol ogy, Pierottijeva 6, 10000 Zagreb
+385 1 4605040, fax: +385 1 4836083, 
e-mail: branko.tripalo@pbf.hr
Fluid Bed Dry ing, Fluid Bed Heat Trans fer, Ex tru sion
Pro cess ing of Shear-sen si tive Food Prod ucts, Trans port
Phe nom ena, Unit Op er a tions

Udiljak, Toma, Prof. PhD.
Born: 1955
Department of Mechanical Engineering and Naval
Architecture,
Collaborating member (2009)
Uni ver sity of Zagreb, Fac ulty of Me chan i cal En gi neer ing and 
Na val Ar chi tec ture, Ivana Luèiæa 5, 10000 Zagreb
+385 1 6168311, fax: +385 1 6156940
e-mail: toma.udiljak@fsb.hr, tudiljak@fsb.hr
Machining Technologies, Machining Systems, Modelling and
Simulation of Machining Systems, Intelligent and
Autonomous Manufacturing; Machining Systems in Medical
Engineering

Ugarèiæ-Hardi, Žaneta, Prof. PhD.
Born: 1946
De part ment of Bioprocess En gi neer ing, 
Col lab o rat ing Mem ber (2002)
Uni ver sity of Osijek, Fac ulty of Food Tech nol ogy, Franje
Kuhaèa 18, 31000 Osijek
e-mail: zaneta.ugarcic-hardi@ptfos.hr
Ce real Chem is try and Tech nol ogy, Tech no log i cal Qual ity of
Flour, Mill ing, Bread and Pasta Pro duc tion, Ex truded
Prod ucts

Ugrinoviæ, Kosta, Prof. PhD. (re tired)
Born: 1933
Mem ber Emer i tus (1998)
Uni ver sity of Split, Fac ulty of Nat u ral Sci ences and
Kinesiology, Teslina 12, 21000 Split
+385 21 385009, fax: +385 21 385431, 
e-mail: kosta.ugrinovic@pmfst.hr,
http://www.pmfst.hr/~ugrin/
Ap plied Math e mat ics, Ap plied Phys ics, Un der wa ter Acous tics, 
De tec tion The ory, In for ma tion The ory, Ac tive So nar, Pas sive 
So nar
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Ujeviæ, Darko, Prof. PhD.
Born: 1955
De part ment of Tex tile Tech nol ogy,
Col lab o rat ing Mem ber (2007)
Uni ver sity of Zagreb, Fac ulty of Tex tile Tech nol ogy, Prilaz
baruna Filipoviæa 30, 10000 Zagreb
+385 1 3712512, fax: +385 1 3712599,
e-mail: darko.ujevic@ttf.hr, darko.ujevic@zg.t-com.hr,
http://www.ttf.hr/in dex.php?str=53&osoba=24
Im prove ments of Meth od olog i cal Pro ce dures for Cloth ing
En gi neer ing, De vel op ment of Mea sur ing Ap pa ra tuses and
De vices, Anthropometry, Cloth ing Mod el ing and
Con struc tion, Qualita Sys tems and ISO Stan dards 

Valter, Zdravko, Prof. PhD.
Born: 1940
De part ment of Elec tri cal En gi neer ing and Elec tron ics, 
Full Mem ber (1994)
Uni ver sity of Osijek, Fac ulty of Elec tri cal En gi neer ing,
Kneza Trpimira 2b, 31000 Osijek
+385 1 3873023, fax: +385 1 3873023, 
e-mail: zvalter@etfos.hr
Elec tri cal Ma chines and Drives, Mea sure ment Tech nol ogy,
Au to ma tion Tech nol o gies and Sys tems

Vasiæ-Raèki, Ðurða, Prof. PhD.
Born: 1946
De part ment of Chem i cal En gi neer ing, 
Full Mem ber (2009)
Uni ver sity of Zagreb, Fac ulty of Chem i cal En gi neer ing and
Tech nol ogy, Savska cesta 16, 10000 Zagreb
+385 1 4597104, fax: +385 1 4597133, 
e-mail: dvracki@fkit.hr, Djurdja.Vasic-Racki@hatz.hr
En zyme Re ac tion En gi neer ing, Com puter Mod el ing,
Bio chem i cal En gi neer ing, Eco log i cal En gi neer ing

Veriæ, Franjo, Prof. PhD. (re tired)
Born: 1937
De part ment of Civil En gi neer ing and Ge od esy, 
Mem ber Emer i tus (2009)
Uni ver sity of Zagreb, Fac ulty of Civil En gi neer ing, Kaèiæeva
26, 10000 Zagreb
+385 1 4639222, fax: +385 1 4639206, 
e-mail: franjo.veric@mas ter.grad.hr
Soil Me chan ics, Foun da tion En gi neer ing, Earthfill Dams,
En vi ron men tal Pro tec tion - Geotechnical As pects,
Geotechnical An chors

334 Who is Who in the Cro atian Acad emy of En gi neer ing



Veža, Ivica, Prof. PhD.
Born: 1951
De part ment of Me chan i cal En gi neer ing and Na val
Ar chi tec ture, Full Mem ber (2002)
Uni ver sity of Split, Fac ulty of Elec tri cal En gi neer ing,
Me chan i cal En gi neer ing and Na val Ar chi tec ture, R.
Boškoviæa bb, 21000 Split
+385 21 305854, fax: +385 21 463877, 
e-mail: ivica.veza@fesb.hr, Ivica.Veza@hatz.hr
In dus trial En gi neer ing, Me chan i cal En gi neer ing, Plant
Lay out, Com puter In te grated Man u fac tur ing, Mod el ing and
Sim u la tion, Pro duc tion Man age ment, Lo gis tics

Vilièiæ, Ivan, Prof. PhD.
Born: 1944
De part ment of Power Sys tems, 
Col lab o rat ing Mem ber (2005)
Uni ver sity of Rijeka, Fac ulty of En gi neer ing, Vukovarska 58,
51000 Rijeka
+385 51 651511, fax: +385 51 675801,
e-mail: ivilicic@riteh.hr

Virag, Zdravko, Prof. PhD.
Born: 1955
De part ment of Me chan i cal En gi neer ing and Na val
Ar chi tec ture, Full Mem ber (1994)
Uni ver sity of Zagreb, Fac ulty of Me chan i cal En gi neer ing and 
Na val Ar chi tec ture, Ivana Luèiæa 5, 10000 Zagreb
+385 1 6168944/137, +385 1 6168222, fax: +385 1 6156940, 
e-mail: zdravko.virag@fsb.hr
Fluid Me chan ics, Gas Dy nam ics, Aero dy nam ics, Ship
Hy dro dy nam ics, Com pu ta tional Fluid Dy nam ics, Nu mer i cal
Meth ods in Heat and Mass Trans fer, Nu mer i cal
Aero dy nam ics and Ship Hy dro dy nam ics

Viškoviæ, Alfredo, As sist. Prof. PhD.
Born: 1961
De part ment of Power Sys tems,
Col lab o rat ing Mem ber (2009)
Hrvatska elektroprivreda d.d., Ulica grada Vukovara 37,
10000 Zagreb.
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Vranešiæ, Zvonko George, Prof. PhD. (re tired)
Born: 1938
Hon or ary Mem ber (2000)
Dept. of Elec tri cal and Com puter En gi neer ing, Com puter
En gi neer ing Re search Group, Uni ver sity of To ronto, 10
King's Col lege Road To ronto, On tario, Can ada, 
(+1)416 9785032, fax: (+1)416 9780828, 
e-mail: zvonko@eecg.to ronto.edu,
http://www.eecg.to ronto.edu/~zvonko/
Com puter Ar chi tec ture, Multiprocessor Sys tems, FPGA
Tech nol ogy, Mul ti ple-val ued Logic, De sign of Multiprocessor
Sys tems, CAD Tech niques for FPGAs

Vraniæ, Duško, Prof. PhD.
Born: 1942
De part ment of Trans port, 
Col lab o rat ing Mem ber (1994)
Uni ver sity of Rijeka, Fac ulty of Mar i time Stud ies, Studentska 
2, 51000 Rijeka
+385 51 331177, fax: +385 51 336755, 
e-mail: dusko.vranic@pfri.hr
Traf fic Sci ence, Nav i ga tion, Ma noeuv ring, Mar i time
Op er a tions and Tech nol ogy, Cargo Op er a tions

Vrkljan, Darko, Prof. PhD.
Born: 1952
Depatment of Mining and Metallurgy, 
Associate Mem ber (2009)
Uni ver sity of Zagreb, Faculty of Mining, Geology and
Petroleum Engineering, Pierottijeva 6, 10002 Zagreb
e-mail: darko.vrkljan@rgn.hr
Surface Exploitation, Mining Design, Ventilation of Mines
and Tunnels, Blasting, Mining Law

Zeljko, Mladen, Assist. Prof. PhD.
Born: 1956
Department of Power Systems
Collaborating Member (2009)
Energy Institute Hrvoje Pozar, Savska 163, 10 000 Zagreb
+385 1 6326186, fax: +385 1 6040599
e-mail: mzeljko@eihp.hr, http://www.eihp.hr/~mzeljko
Energy system operation and expansion planning,
organisation and economics of energy sector
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Zentner, Ervin, Prof. PhD. (re tired)
Born: 1931
De part ment of Com mu ni ca tion Sys tems, 
Mem ber Emer i tus (1998)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129712, fax: +385 1 6129717, 
e-mail: ervin.zentner@fer.hr
Sig nal Pro cess ing in Wire less Com mu ni ca tion Sys tems,
Smart An ten nas in Mo bile Com mu ni ca tions and Ra dar
Sys tems, Ad vanced Mo bile Com mu ni ca tion Sys tems,
An ten nas, Mo bile Com mu ni ca tion, Ra dar Sys tems, Ac tive
An ten nas, Radiocommunication Sys tems

Zgaga, Zoran, Prof. PhD.
Born: 1956
De part ment of Bioprocess En gi neer ing, 
Col lab o rat ing Mem ber (2000)
Uni ver sity of Zagreb, Fac ulty of Food Tech nol ogy and
Bio tech nol ogy, Pierottijeva 6, 10000 Zagreb
+385 1 4605000, fax: +385 1 4836083, 
e-mail: zgazo@pbf.hr
Mo lec u lar Ge net ics, Ge net ics En gi neer ing, Bio tech nol ogy,
DNA Re pair and Re com bi na tion, Struc ture of Eukaryotic
Ge nome, Re com bi nant DNA Tech nol ogy

Zovko-Cihlar, Branka, Prof. PhD. (re tired)
Born: 1933
De part ment of Com mu ni ca tion Sys tems, 
Mem ber Emer i tus (2009)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129839, fax: +385 1 6129717, 
e-mail: branka.zovko@fer.hr, http://www.vcl.fer.hr/bzovko/
Wire less Mul ti me dia Com mu ni ca tions, Dig i tal Video
Com mu ni ca tions, Tele vi sion, Broad cast ing Sys tems, Noise in
Radiocommunications

Zrnèeviæ, Stanka, Prof. PhD.
Born: 1946
De part ment of Chem i cal En gi neer ing, 
Full Mem ber (2009)
Uni ver sity of Zagreb, Fac ulty of Chem i cal En gi neer ing and
Tech nol ogy, Maruliæev trg 19, 10000 Zagreb
+385 1 4597102, fax: +385 1 4597133, 
e-mail: szrnce@ma rie.fkit.hr
Chem i cal En gi neer ing, Ca tal y sis, Cat a lytic Re ac tion
En gi neer ing
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Žagar, Mario, Prof. PhD.
Born: 1952
De part ment of In for ma tion Sys tems, 
Full Mem ber (1995)
Uni ver sity of Zagreb, Fac ulty of Elec tri cal En gi neer ing and
Com put ing, Unska 3, 10000 Zagreb
+385 1 6129617, fax: +385 1 6170007, 
e-mail: mario.zagar@fer.hr
Com puter Sys tems and Pro cesses, Dis trib uted Com put ing,
Per va sive Com put ing, Open Com put ing, Internet Ser vices,
Mi cro com puter Ar chi tec tures, Soft ware En gi neer ing,
Op er at ing Sys tems, Internet Ser vices, Java World

Žagar, Zvonimir, Prof. PhD. (re tired)
Born: 1931
De part ment of Civil En gi neer ing and Ge od esy, 
Mem ber Emer i tus (1998)
Prilaz Ivana Visina 1, 10000 Zagreb
+385 1 6527456, 
e-mail: zvonimir.zagar@zg.htnet.hr,
http://www3.telus.net/MAPAZ/zvonimirzagar.htm
Struc tures, Tim ber Struc tures, Ex pert Sys tems, Civil and
Me chan i cal En gi neer ing, Ar ti fi cial In tel li gence, Com puter
Sci ences

Žanetiæ, Ratimir, Prof. PhD. (re tired)
Born: 1939
De part ment of Chem i cal En gi neer ing, 
As so ci ate Mem ber (1998)
Uni ver sity of Split, Fac ulty of Chem i cal Tech nol ogy, Nikole
Tesle 10, 21000 Split
+385 21 385624, fax: +385 21 384964, 
e-mail: ratimir.zanetic@ktf-split.hr
Chem i cal En gi neer ing, Mix ing, Con trol En gi neer ing

Žiljak, Vilko, Prof. PhD.
Born: 1946
De part ment of Graph i cal En gi neer ing, 
Full Mem ber (1998)
Uni ver sity of Zagreb, Fac ulty of Graphic Arts, Getaldiæeva 2,
10000 Zagreb
+385 1 6157157, fax: +385 1 6157134, 
e-mail: vilko.ziljak@zg.t-com.hr, http://www.zljak.hr
Graphic Tech nol ogy, Com puter Sci ences, Print ing Pro cesses,
Prepress, Dig i tal Press, Postpress, Com puter Mod el ing and
Sim u la tion, Com puter Graphics
Vice-Pres i dent of the Cro atian Acad emy of En gi neer ing



Županoviæ, Ivan, Prof. PhD.
Born: 1940
De part ment of Trans port, 
As so ci ate Mem ber (2005)
Uni ver sity of Zagreb, Fac ulty of Trans port and Traf fic
En gi neer ing, Vukeliæeva 4, 10000 Zagreb
+385 1 2380211,
e-mail: ivan.zupanovic@fpz.hr

Žutobradiæ, Srðan, Prof. PhD.
Born: 1954
De part ment of Elec tri cal En gi neer ing and Elec tron ics,
Col lab o rat ing Mem ber (1995)
Croatian En ergy Regulatory Agency (HERA), Ulica grada
Vukovara 14, 10000 Zagreb
+385 1 6323753, fax: +385 1 6115344, 
e-mail: srdjan.zutobradic@hera.hr
Elec tri cal En gi neer ing, Global Meth ods for De sign of
Dis tri bu tion Net works, Dis tri bu tion Net works Plan ning,
Ground ing and Overvoltage Prob lems, Sub sta tion Equip ment
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De ceased Mem bers

Ban, Siniša, Prof. PhD.
(1914-2007)
Hon or ary Mem ber (2000)

Damjaniæ, Frano, Prof. PhD.
(1944-1988)
As so ci ate Mem ber

Džaniæ, Husein, Prof. PhD.
(1933-1995)

Filajdiæ, Mirko, Prof. PhD.
(1920-1998)
Hon or ary Mem ber

Fleš, Dragutin, Prof. PhD.
(1921-2005)

Fritz, Franjo, PhD.
(1932-1996)
As so ci ate Mem ber

Gamulin, Antun, PhD.
(1931-1998)

Glancer Šoljan, Margareta, Prof. PhD.
(1944-2008)
As so ci ate Mem ber (2000)

Hrs, Ivo, Assisst. Prof.PhD.
(1937-1999)
Col lab o rat ing Mem ber

Johanides, Vera, Prof. PhD.
(1917-2001)
Hon or ary Mem ber

Konja, Gordana, Prof. PhD.
(1944-1998)
As so ci ate Mem ber
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Kordiæ, Zdenko, Prof.PhD.
1949-2004)
As so ci ate Mem ber

Kosteliæ, Aurel, Prof. PhD.
(1933-1997)
As so ci ate Mem ber

Krpan, Mirko, Prof. emer. PhD.
(1924-2006)
Mem ber Emer i tus (1993)

Lopašiæ, Vatroslav, Prof. PhD.
(1911-2003) PhD.
Hon or ary Mem ber

Lovriæ, Paško, Prof.PhD.
(1932-1997)
Full Mem ber

Lukaèeviæ, Zvonimir, Prof. PhD.
(1935-1998)
As so ci ate Mem ber

Maljkoviæ, Darko, Prof. PhD.
(1935-2003)
Full Mem ber

Mariæ, Vladi mir, Prof. PhD.
(1939-2009)
Full Mem ber (1994)

Markoviæ, Ivo, Prof. PhD.
(1925-2005)
Hon or ary Mem ber (1998)

Maroševiæ, Grozdan, Prof. PhD.
(1930-2001)
As so ci ate Mem ber

Miliša, Ante, Prof. PhD.
(1947-2007)
Col lab o rat ing Mem ber (1994)

Mlinariæ, Tomislav, Prof. PhD.
(1932-2008)
Mem ber Emiritus (1993)
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Muljeviæ, Vladi mir, Prof. emer. Dr. Techn. Dr. h.c.IEEE Fellow
(1913-2007)
Hon or ary Mem ber (1993)

Plenkoviæ, Zlatko, Prof. PhD.
(1917-2003)
Hon or ary Mem ber

Podhorsky, Rikard, Prof. PhD.
(1902-1994)
Hon or ary Mem ber

Popoviæ, Krešimir, Prof. PhD.
(1940-2003)
Associate Member

Prikril, Boris, Prof. PhD.
(1915-1995)
Hon or ary Mem ber

Sertiæ, Vladi mir, Prof. PhD.
(1935-2002)
As so ci ate Mem ber

Skansi, Darko, Prof. PhD.
(1937-2001)
Full Mem ber

Smrkiæ, Zlatko, Prof. PhD.
(1924-1995)
Hon or ary Mem ber

Šantiæ, Ante, Prof. emer. PhD.
(1928-2008)
Mem ber Emer i tus (1993)

Wolf, Radenko, Prof. PhD.
(1919-1997)
Hon or ary Mem ber
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