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Preface 

Volume v1suahzat•on 1s emergmg m the nmet1es as a key field of VISuahzat•on, 
computer graph1cs, and computer 1magmg It encompasses an array of techn~ques, 
a technology, and a nomenclature, and 1t holds substant1al challenges The 
techn~ques prov1de the mechan1sms that make 1t poss1ble to reveal and explore 
the mner or unseen structures of volumetric data and allow v1sual 1ns1ght mto 
opaque or complex datasets Volume V1Suahzat1on, as a technology, brmgs a 
revolution to computer graphics and promiSes Important breakthroughs m the 
diverse apphcat1ons of volume VISuahzatJOn 

Volume v•suahzat1on IS concerned w1th the tasks of representmg, man1pulatmg, 
and rendermg volumetric data ThiS tutor1al prov1des an overv1ew of the 
technology, the nomenclature, and the techn~ques for these tasks, emphaslZlng 
algorithms and apphcat1ons The tutor1al covers and compares d1fferent 
approaches m volume representation, volume and surface v1ewmg, volume 
shadmg, software, and apphcat1ons of volume V1Suahzat1on 

These tutor~al notes contam many of the text shdes that w1ll be presented durmg 
the tutor1al In addition, numerous color shdes and v1deo segments of volume 
vJsuahzatJon 1mages and an1mat1ons w1ll be presented These tutor1al notes 
supplement the tutor1al book Volume V18uo/azohon, by Ar1e Kaufman (IEEE 
Computer Soc1ety Press, 1990 {ISBN 0-8186-9020-8) Th1s tutorial book conta1ns 
landmark papers, classical art1cles, rev1ews, and up-~date contr1but10ns to the 
field of volume vJSuahzatJon It promiSes to be a reference book for researchers, 
developers, and programmers of volume vJSuahzatJon systems, as well as users or 
potent1al users of these systems The book IS ava1lable at the IEEE Computer 
Soc1ety booth for a spec1al reduced pnce 
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Ar1e E Kaufman ts a Professor of Computer Sctence at the State Umverstty of 
New York at Stony Brook He ts the dtrector of the Cube proJect for volume 
vtsuahzatton supported by the Nattonal Sctence Foundatton, Hughes Atrcrart 
Company, Hewlett-Packard Company, Sthcon Graphtcs Company, the Center for 
Btotechnology, and the State of New York Hts research mterests mclude volume 
vtsuahzatton, computer graphtcs archttectures, algortthms, and languages, user 
mterfaces, and multtmedta Professor Kaufman has lectured wtdely and 
pubhshed numerous techmcal papers tn these areas, mcludmg the IEEE tutortal 
book on Volume Vtsuahzatton He has gtven several courses on Volume 
Visuahzatton for SIGGRAPH, EUROGRAPffiCS, CGI, GI, and ffiM He ts the 
chatrman of the IEEE CS Techmcal Co=tttee on Computer Graphtcs, and has 
been the Papers co-Chatr and Program co-Chatr for V!Suahzatton '90-'93 
Conferences, and co-Chatr for several EUROGRAPffiCS Graphtcs Hardware 
Workshops He recetved a BS tn Mathemattcs and Phystcs from the Hebrew 
Umverstty of Jerusalem, an MS tn Computer Sctence from the Wetzmann 
lnstttute of Sctence, Rehovot, and a PhD tn Computer Sctence from the Ben­
Gunon Untverstty 

Scott Dyer ts Vtce Prestdent of Lamb & Company m Mmneapohs, Mmnesota 
Lamb spectahzes tn htgh quahty three dtmenstonal computer graphtcs for 
advertlStng, entertamment, and stmulatton, and produces vtsuahzatton software 
soluttons Prtor to that he was an Assoctate Dtrector of the Ohto Supercomputer 
Graphtcs Project, where he dtrected the three year effort to construct the apE 
vtsuahzatton software He has also been on the staff of Cranston/Csurt 
ProductiOns and worked tn vtsuals for fttght stmulatton at Evans and Sutherland 
tn Salt Lake Ctty He recetved hiS B S m Math from Carnegte Mellon 

Wilham E. Lorensen ts a Graphtcs Engmeer tn the Informatton Systems 
Laboratory at General Electrtc's Corporate Research and Development Center m 
Schenectady, New York, and IS currently workmg on algortthms for 3D medtcal 
graphtcs and sctenttfic vtsuahzatton Hts other mterests tnclude computer 
ammatton, color graphtcs systems for data presentatton, and obJect-ortented 
software tools He IS the author or co-author of more than 50 techmcal arttcles 
on toptcs rangmg from fimte element prefpostprocessmg, 3D medtcal tmagmg, 
computer antmatton and obJect-ortented destgn He IS a co-author of "ObJect 
Ortented Modehng and Destgn" publiShed by Prenttce Hall Prtor to JOtntng 
General Electrtc tn 1978, he was Mathemattctan at the US Army Benet Weapons 
Laboratory, where he worked on computer graphtcs software for structural 
analysiS He Holds a BS tn Mathemattcs and an MS tn Computer Sctence from 
Rensselaer Polytechntc Instttute 
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Lisa SobleraJskl IS currently a PhD student at the State Umvers1ty of New 
York at Stony Brook Her research 10terests mclude global 11lurmnat1on models 
and render10g algonthms for voxel-based data, an1mat1on, and Vll!uahzat1on 
systems She IS currently work10g on a Vll!uahzat1on system wh1ch 10corporates 
several data types 10to a s10gle, consistent global 11lum10at10n model She 
rece1ved her BS Cum Laude (1989) and MS (1990) from the Department of 
Computer Sc1ence at the State Un1vers1ty of New York at Stony Brook 

Ulf Ttede 1s a research ass1stant at the Instttute of Mathemattcs and Computer 
Sctence 10 MedtciOe at the Umverstty Hospttal Eppendorf, Hamburg, Germany 
He IS work10g on tmage process10g, computer graphtcs algonthms, and user 
10terface destgn for 3D medtcal workstattons Espectally he destgned the 
Vll!uahzatton kernel of the VOXEL-MAN / Atlas proJect Hts research 10terests 
10clude d1splay techntques and data structures for the mantpulatton of voxel­
based data Ttede recetved hill MS tn computer sctence from the Untverstty of 
Hamburg tn 1988 

Wtlham L Van Zandt Ill the Dtrector of Busmess Development and a founder 
of Vital Images, Inc He holds a BS m phys1cs (summa cum laude) and a MS m 
neurosctence from MahariShi Internattonal Untverstty (MIU) Hts past research 
expertence 10cludes part1c1pat1on 10 Stanford Umvers1ty's Gravtty Wave ProJect 
and 10 MIU's Laboratory for Advanced Btologtcal Cell lmag10g where he helped 
develop the core volume render10g technology of Voxel View In addttton to hts 
work wtth volume vtsuahzatton software, Mr VanZandt has also served as a 
techntcal consultant to Vital Images' corporate chents 10 the fields of medtcal 
1mag10g, setsmtc analysts, non-destructtve 10dustr1al test10g, and volume 
rmcroscopy He has co-authored several papers on apphcattons of volume 
vtsuahzatton 10 the hfe sctences and has spoken at numerous sctenttfic conferences 
and meet10gs 

Rom Yagel IS an AssiStant Professor 10 the Department of Information and 
Computer Sctence at The Ohto State Untverstty He recetved hill PhD 10 1991 
from the State Untverstty of New York at Stony Brook where he was also a 
researcher 10 the Department of Anatomy and 10 the Department of Phys1ology 
and B1ophystcs He recetved hts B Sc Cum Laude and M Sc Cum Laude from 
the Department of Mathematics and Computer Sctence at Ben Gur1on Untverstty 
of the Negev, Israel, 10 1986 and 1987, respecttvely HIS research and techntcal 
pubhcat1ons deal wtth both hardware and software aspects of volume 
vtsuahzatton Hts research 10terests also mclude algortthms for voxel-based 
graphtcs, tmag10g, and antmatton, three dtmenstonal user 10terfaces, and 
VISuahzatton tools for btomedtcal apphcattons 



Course Schedule 

T1me SubJect Page 

8 30 Introduct1on (Kaufman) g 

g 00 Surface construction and volume modehng (Lorensen) 22 

10 00 Break 

10 16 Med1cal apphcat1ons (T1ede) 68 

1116 Viewmg algonthms (Yagel) 98 

12 00 Lunch 

130 Shadmg methods (Yagel) 146 

2 00 VoiVis hve demo (Soh1era.JSk1) 164 

2 30 Volume synthes1s (Kaufman) 173 

3 16 Break 

3 30 Software (Dyer) 236 

4 30 VoxeiV1ew hve demo (van Zandt) 274 

6 00 Course ends 
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