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Abstract 

The 3D comprehcnsio:1 of an:norr.Jc a.nd compuied objects in n)edJcal tmage.s, presemed using ~h<1.ded display, can be iJ~creascd by ;mention 
to Hghl sollrccs, surface ieX1urcs, and transparency, Jnc-r~a~c:.d 30 cue.s arr! pro· .. ided by rta!-ume. intciaCti\'e mO>:.Hfication of viewpoint, 
object St:.lection, transpateo.cy, and clipping planes. Methods for achieving lheSe increases in comp:ehension wm be presenicd 

tn panicula1, the; foJJoWJng wm be des.cnbed, \0.1th applications from diagnostic Cf and MRI and radioiJlerap) treaonent planmng. 

l} A set of WO!'kstaticm·base.O too!s. using heuristic and interactive approacr)cs, for defining object con10urs, connecring 
rhem into objects. and tiling th¢ir surfaces. 

2) A renderer r,...._at ytov)des more rapid compmation of many differerll prcsenmiions of the same: view of n scene by kteping 
:\ l :uge inlcrmcdble file or CCOfUCI:"iC JO(onn;ulon nbout n IA'tn ICulnr vic.w Choice .. '\ cf Objet IS 10 be dlspbycC. :md for 
each object, i!S colo:-. spcculanty, :111d o:ansparency, can be dcitrrcd until. ~tnd changed afte.r, all \he geometric 
cornput;'lrions.. 

3) The usefulness of tho Tek11(1nix s<ere.(> polarizing plate and the kincticdcp1h cffe« for adding 10 the 3D comprehension of 
objec•s. 

4) The custom·buih graphics engine, Pixe1-p!anes. and us usc in providing. ali in ncar rc.al time, object selection, \'ani!.don 
in object transpar.l!:-.cy lcvds, variauon in v~ewpoinl, ~md specificmion of clipping planes. Also described will 0.: \he 
ability of Pixd-piane.s 10 prtseru oblique grey·scalc l1J'..age s!lces supenmposcd en the .c1ipp~ng pt:~nes 3:c> lhc chppmg 

plane is imera~dvcly IT't::>"ed. 

1. ]ntroduction 

Th:ee-dlmensional prcsemadon o( infomlation from rnedka1 im2:g-es has largely been osed to dts.play single anatomi~ ob)tt:ts us1og. opaque 
surfaces. Med!c:al diagnosis and rre3tmcnt plan.ning. however, of len requires the 3ppreciation of spa~ial relationsJnps among mmy anatonuc 
and treatment objects. We will exp1ain h-ow the usc of iTCJ'lSpa.rency and a 'Yiide range oi ct:e.s f-o: dep!il ann obJect tdentificacion c~1n pro\' ide 
ihe apprcciarion of scenes with ObJeCts o( comp1icatcd shapes and with multiple overlapping, imerper.ctra!~ng, l'!nd enclo~ing objects.. \lie 
win summarize the inter.J~.:\ive IOOls we :t.nd coHeagues have dcvetoped here at the Uni..,ersity of "''or1h Cuolin3 10 pr<wide ~uch ~n 
1nform3cive display, 

ln sevc~l recent p:spcrs.(Pizcr. 1986. 1987; Rosenman, 1987}, we have tev1ewe.a the 3D d!spl\ly approache-s for medlcme developed by 

ot.hcrs: 1n this paper, we focus on shape and depth cues.. a topic not ex1ensively treated by most others Before disp\<$ying .a se-t of objec1s. 
however. the user needs 10 conStrJtl Lhem, usu:ll!y ftom a set of CT images. 

2. Surface Defin iti on 

Richly cued display reqoircs thai tht. surfaces 10 be dispbyed have accurately defined, smooth!)· varying nomul vecLors~ In 1his regard. 
mangularly 1iled surfaces a:e supmor 10 cuberillc (Hc1111anj or ribbon I Heffernan] surfacc.s. Our ~"P' for prov•dmg a mangul,ly lilcd 
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su:-(Jce cons1st of the detinmon of .Jlt.ec. comours !01 each ObJect to be da}pi.aycd, the connccuo:'l of \hQ~ contour~ to foan.t (po) .. aiJI~ 

rnulttpl) bifurcating} sequence. Wlth SJ»'"...Cificd surface fitun& constraints, and the C3lcul:mon of the 111td surlxe (rom icquc:ncn ol th~~ 
con tows 

2.1 Slice contour deliner. The object contours on each slice must be produced at lcnsc semi-automaucally because, wilh many O\>JCCtS 

and m~ny shces,there may be hundred.! of such contou;s tn • patient srudy. We havcthertforedcvclopcd • wotl<5t3110n·boscd prosrall\ wnh 
Maemtosh·like imctac[ion for the specification of these contours. The contours can be. produced automloc:ally with the program wh(n uch 
coniOut·cdge ••n Otl1crwise, pan"' all of the contour needs to be h>nd drawn 

(a) 

(b) 

Fagures la al\d 1 b; \Vorkstatton disp!ays of the: shce·contour definer program showing pms of vuious sliu-~..magcs at different 

mognilic:otions and. in (b). with different intensity conU'lSt seuings. 



J.J.."t (c. 

2.2 Contour connector. The contours 1n cac.h objcc1 mus.t be covered with~ d;.ln, Uld the .surf.tcc-co~nn.: ptOI.C~) depends on kno~o~r1nr 
wh1el contours m one slice ue 10 be connected to wh1th 1n the n.ext We use l hcurtst;c process, d:yendmg oo cornouz 0\-'t"rlap 1n the 1ntn 
slice. d.l:e.ction, to detc:nmne muiat Jnter-shce. -connectJonS A "'o:ksuo.on bued prognm with Manmosh-li~e uHer.lctJon allo-ws the u~c.f Ito 
edu these. connecuonl). Jn the case o( connecttons v..11hou1 bt(u.rcauon.the \,)Kr un override the normal tnlnJm3.1·3Jta surface. produced by tht 
Fuchs~Kedcm·Uselton (1977) tiler by spcc1fyms connec:clons between indicated poin1s on the respective contours. W1th .:1 btfurc:.tlnf 
connccuon (or higher-o rder branchtng tonnectior.). we have. used a h.euruuc for eS!ablishing span$ on the. contours to ix: w;~chcd 10 11 

saddlcpOint so as to achie\-e a minimal saddle regton boundary And for comp:u:1ng the uddle point as tht ~vcugc. or the \p~r. c:tl(jf)()ml\ Tlv 
u.sc.r m.a~· override these seluuon) by choos.1ng other span endpomts and.lor S2ddlcpoint loc3uoo 

, __ 

--.._ ~~ 

F1gwe 2· \Vorkna.cion display or lhe contour connccoon ed~tor pror..-..:n. sno·"' t.1& ovcrvtew of s!J"C:turc on the lef1 wmdoo.;. and d~;i!Jt~ bc:H~! 
edHed Jn the righ\ \\1ndow 

2.3 Tiler. Wuh lhe estabhsbment of the contour connccnons a~\d definition of saddle regions. Loe Fuchs·Kedem·US<:hon tiler Is used tc 

compute automaoc-a!Jy mar1gular tiles connecti-ng the contours that result 1n mini:nurn surf :tee area. {N1t:1sures other th:1o mmunun1 arc;:s co~tc 
bt imposed. bul we have;. seen no reason to explore t."lem yet.) The resultbg tn.ancles c~n be: ... ·::wed as a wve !rame. and if nt.ce.s.sary U"'e 
conto\.I!S or rhe contour connections un bo; edited 10 provide tht. basis fc: 1 dJJfe:ent uhng Tms Wlfc·frnme dispiay can ~so be usco tc 
<Sllbhsh >,.;ewing posiuon for ohe LBI renderer (s«oon 3.1) 

3. Renderi ng 

Arccr tihng is co:npiete we can choose belwetn lwO (onns or rendering: cxi! designed 10 pn.wide extcllen~ cues of uanspi!Cncy Jnd surl3 c~ 

ltxturc on gcr:.c:':tl purpose computers (the LDJ rcn;Je:er) :and the other Co:siJ;ned to provide. c:.::.\ "'i.a user H'ltc:raction on;~. un1que_ hi!!r. 
pcrfomunce g::tphics system. Plxe!-pl:Lrtes.. 

\Ve find that wnh 2.n appropnatc choice of obJd:l eoJoo. $urf:!.c.e s.p«:t:1c..-.:y. transpa.rcncJt$. a."'l:! l:ght SOl.U'CeS. a g0<:>6 ~omprchc.:"IS10n c­
many objecu and their rclauonsh1ps can be obta1ncd. The only way we know to choose these p:Lcmeier~ IS by lrii.l and tno:, wh1c:h is ::. 

feasibJe rne.lhod wben tmagc generation time is a s.econd or less. but qui-ckJ) becornes impractit2.! when the image gcncr::nion time is m3n\ 
minutes. We have developed so!cware that takes advamage of the ract th2t ~htse Ughting and othti p-aramc:.ltrs m u~ually mcxiificd sever-.:.. 
umes for the same view of the 30 scene, until ohe user is sotis!ied with •llllle m21ly pat>meler setting• Tht Lotc Bin6ng !moses (LBl 
rendere,, developed by Ol•ssncr 119881 in our project, takes advantage of this iterative modicatlon process by d~>·ldmg the imaft 
gencr:mon c:lSl1nto a St:qucncc o( IV.'O £asks, only 1hc second of which nc.ecb 10 bt rccompu1cd ~hen (mos1 oJ) t~e p~l":1mc.tcr ~mn,s :.re 
chaJ\gcd 
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3.1 LBl Renderer. Glas$n:r's LBI renderer opct3ti:S by fixmg the vtcwpoJnt Jnd ,w-...n <:~lcubt'n' at each \trec;o- prn •• ro: cacr: 

con<oured tmo'c objcc<.the depcl> illlCI nonml duccuon of the !occs of lh•• ob;oe•lh•• pro~c1 0010 •hat pml 11m d>u•s e>lcu!>:ed o~.ce >r.O 
11orcd m a screen sp:.ce data !autture.. A!lcr thJS calculauon the user can sek..et ob;ects to be d!.S.pi-ayed.lhe color. cnnsp:m~nt:~·. Uld s~rfotct 
spc.cul1.nty of c:1ch, and \he 1oc:anon of !.he l1gh1 SOI.Utes. The lmenncd1att 1101ed da1a suucrure can be u!.t.d rel:&ll"ely quKki~. \'lJ. computed 
looi:l>p tables. 10 calcula1e Lie final displayed Sh>ded illl3ge. 

(a) 

(b) 

Fagu:--es 3a ~nd 3b: Ourpu1 images produced by lhe LBJ renderer, u!>ing differcn1 rendering paramc1ers. from the ~31nc in:ertllCdJJte dJu fllc 
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3.2 Pixel-planes. Althouch the LBJ tenderer reduces the wamn& 1)mt dunns tmlgc m001flcauon c:yeic~. n sui! doesn't gwc 
sn$tanu.neous fe-edback on our cuncnl gcncraJ purpose computers ln fat!, VH'lually no systt.m <~Vall3ble loday gtves rcal·umc, smoo1h· 
mOUOn perfonnanceon tOmplex 30 ObJCClS With len~ of thousandS Of pOlygonS. We believe that the lmlllediaey O( intt.raCU\'C YJCWIOg and 
explor:uory ''cumn& away" of ObJCCI pa.rts provides the stron&eSl eues forcon1prehcnsion of complex 30 anatom1cal stnJc.lurcs We h.av~ 
been studying this effect on our own fast graphiCS sytcm. Pi.x<'l-pl1ne$; co;nm~tClal hardv.arc cornplt'ablt us cap3bihucs w1ll soon be 

ava~lab.le We include. l.herdort~ a bnd das.cun.1on hc~c of lhc. Plxcl·pbnes S)"S!C'm and 1hc: ;n1cnc:100 3rn0n& us -.anoos components_ 

Pixcl•planes i$ :! TaS1tl ~phlCS system for high·Spetd itndcnng Of 30 ObJec;s and Stene~. It fe:2~ures an image buffe-r compo$td of CUHOm 
lo~;~c·enh:lllced m<mory chtps that can be progrnmm<d to perform most of the timc•consumJOg ptxel·oriented tasks in panlld at each pixel. 
The novel feature of dus 3pprooch is a unified mathematicil formul3tion for theS< usks a.nd an cfncie:u u-ce~sO\Icrured computation unu that 
calculates inside each chtp che P'Oper values for every p1xel in paralleL The cunent system. Pix<l·planes • (Pxpl4). com01ns 512 \ 51 Z 
pi .cis x 72 bus/pixel. unplemented W'IL"' 2,048 cuStom }.miCron nMOS cnops (63.000 tnnmto:s or. uch. operaccng •• S mclhOC1 micro· 
insttuehons per second). AJgorilhms for n:ndenng. sphac.s (for molecular rnodehng.). for add1.ng s.h.adO"-S, for enh~cin~ med1e:tJ 1mages, 
and roc rendenng objects descriOO! by conSUlJCU\'e sohd geometry (CSG} dJreCI!y from lhe esc description have been devised by V>r!OUS 
mdivJdunls within and also outside ou r rese~rch group. The Pxpl4 system is In daily use in our dep3nmenfs Compulc.r Graphics 
Laboratory. where apphcaoon~ in molecular modeling. m<:rlJca! 1maaing. and archilect\lre are being dcvclopc.d 

3.2.1 Concept. The Pixel·pllnes uchilecnire JS a novel appr().')ch 10 raster graphtCS 1n wh1c:h the front p31t of lh< system spccifitl !he 
objects on the str~en in pixe1-mdependcnt1ctmS, and the frame-buffer memory ch1p~ themselves worK from this descnption to get~e~!e the 
fin3llmage. Image primtUves such as hnes. polygons. and spheres are each dcscnbed by expressions (and operations) th31 are linear in 
screen space, that is, by coeflicien1s A,B.C such Lha1 the value desired a~ each pixel is Ax+By+C. where x,y is the pixel's loc:ation on tht: 
screen Thus rhe infonnation tha; is bio3dC.lSt 10 the image buffer is a sc:que.nce or sers (ABC. instruction), rather than 1he usual (pu.el­
address. RGB·dat>) pairs. In cona;,Sito other rastersystoms. the mo>~ cirm-<:o"suming pixel-level calculations are done nath<r by geocr.l· 
purpose p:oces.sors nor by special bardwve thll exca~<cs only a pamcul;~r sc: o[ gr.~phiCS fun<tions lnscead Pixel·p!ar.es is a h.11ly gencr.d· 
purpose flStcr cnstnc, especi:\Hy powerful when mos~ of the p•xc1 operauons c:~n be: descritx:.d m linc;~r (oz p!;m;\r} c::<prc .. ,ion,, The 
fundaJntntals of the systcan are covered by U.S. Pa1c:m No. ·1.590.465, and a.1o1h.cr patent is peP-ding 

F1om 
lrn>ge c.-... 

Conuo!ltt 

.. ---· ____ ...... ---------·· 
--­__ .. ___..--

oonnnooo 
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3.'2.1. llow Jt Works, PAplt ~onl:~iJh a f:.1i rly convcr\lloual fcont ..:nOgnlphiL--!1 pn.>c..xs~uf, unpkuk!n~~.J us.1ng th~.: Wcu..:l XL.t:hiJl ~..:l. th:\1 

uavetS(_S a segmented, hierarchical diiplay list, computes vtcwing u:tnsfonn:wons, perfomls hg.hung cakul;:u\ons. cltps pol~ gon<. {or otht• 
primitive.~) rhat a;e noi visible. and performs perspective d!v1sion. For objc:cL'i d~scribed by poi)'gons. the gmph1C$ processor trnnslatt.S the 
colored-polygon-venex descripuon of each ob;ec1 Into the fonn of data (A.B,C} for linear expressions, togethtr with insuuc1ions for the 
's-man' image buffer. l"he image generation control1e; convens word-paraBcl d:m. and insrructions mto 1he bil .. senal fonn r-equncd by the: 
enhanced memory chips. The video controller scans out video da~a frc.m tlle image buffer and rc:f;eshc.s a. Si.Jndard r.~ster d1spi;Jy The: 
sys1emls hosted by a convention:'\! UNlX wo;kstation 1hal suppons the: sy~lem s user Interface lhtough v:mous grapiacs 1nput dev1ces Ul)d 
provides system p!ogr.amming too!s (e.g .• graphtcs libranes, microcode <\SScrnblcrs, language comyi~ers). Dtlri.ng sys1em initializ:ulon, the 
host dov.·nloads rn1c-rocode and sc::up ;t:fOITI'.ation to P:x.p14 via a scrv~cc bus nor shown in figur~ t. 

3.2.3 Performance. Pxp14 can process about lS,OOO smooth-shaded, z·bnffcrcd triangles J>!i' s~conG (qu:\dnl:ncrats !.:(! ~!>out 20~ 
slower) Shadow.s are cas1 a1 about ll,OOO triangle~ per second, vsing tn1e sh~dow volumes. About 13.000 smooth·shaOcd, z-buficrcd 
interpenc.oaung sphetes can be rendered per second. 

4 . Presentation 

4.1 Stereoscopic d isplay. For lhe m::.jority of users who have strong. Slc:rc:o capabihty, the prescmation of objects from I he disp3r3tc 
vie,vpotms oi the 1wo eyes pro\•ides a distinctly enhanced understanding of 30 relationships as compared to a non-stereo presemanon. Ovc; 
the pas; decade we have used many different mechanisms f~r stereo display. The fundamental technic(IJ problem th21 each solves lS 
channeling each of a p:lir oi im3ges to the proper eye of lhe viewer. A co mmoo technique is 10 take 3dvamage of {he inrerlacc:d video d1splay 
and ch;mnel one field {sa,y, ihc one consisting or ev¢n. scan lines) to the ngQ,1 eye and the other iield (consis1!ng of the odd sc.an lines} to the 
left eye. 1'he most effective mc.chanism we have found for this t~sk is a po~anzJng liquid crystal dtsplay (LCD) plate manuf:\~turcd by 

Tcktromx, whose direc1ion of polarization is S'.l.·irched, u!\der compu{er oonrrol, betwetn each video display fidd. Wi;h the plate mounted in 
from of the video display sc!'een, 1hc viewer wears p~ssive. incxpensive .specuclcs wilh lenses m2de of polarizing material; the polanzaaon 
direcLion of each lens is set opposite 10 that o! the other so that any video imagconiy goes imo the proper eye. The Tektronix pla~c: h:ts 1h~ 
advan~age• over previous Slereo mecheni$m$ of allowing 1) a bright (and thus easily fused) colored i1nagc, 2) muhiplc, not necessmly 
synchronhc:d, S(:reens. and 3) s:mullaneous vie-v.':ing by many people. 

4.2 Dyn::.mic Visualir.ation. We. h.a-vc implemented o.n Pi..l(el-planes 4 a •:arie1y of visualiz;iriQr. mech01nisms that :ue under dynamtc 
user control. Tnc user can tum ~ny object on or off at the 1ouch of a key. A chpping piane cao also be moved by lht user. This re:nurc ~~ 

p-anic.ular!y usefulln simatiOr'l'S whet~ only part of~;) occluding sr.ruc1ute, bu1 not 1he entire structure, needs to be rcmoYeO iO oid vls.ibHny 
Ne\v viev .. 'ing pOsitions ca.n be immedia:ely specified by a pair of 3·3.-"iS joy sucks that can be ope.n.m:c 111 a number or modes for ease of use 
ln the most ofttn-uscd mode, one of the joysticks specifies object movemen1, and •he other specifies totatio1~ of ;he: object duster about t!S 
cenlcr. The next m-osl·uscd mode is one in which t.he joystick pair is u~ed as. a simple: airp!an¢ stick ~ontrol Lh.ai allows the user to "Oy >'lxlu( 
lhe apparently st~uionary object duster. 

Lighting direction ls a1so under direct user control with a 2 .. axis joystick. as is the imensity of direct vs. ambient light. Objec1s c31\ be made 
transparem, although lhc concro! for the (Iegree of transpareucy :s not ctlJTeotly onder dynamic uSti -control but musl be set 't<fore the dlspla) 
prognuns is emcrcd. We plan to add this capability 10 the :mi~e of dynamic user conrrols described ab-~ve. 

The usa can also view the 3D Stru<:!l.!n: in Slcreo as described above in Section 4.1. However, since generating a srcre·o lm:~ge. t:'"tkes t\:.·kc 
the time of a single image, the smoothness of motion is seriously affected (from, ror e:x-:!irnple, 6 pe.r ~!COnd to 3), so most usc:r choose: nO I 1c 

usc stereo, but to rely on ili~ stto.ngc.r kinetic deplh effect achieved by 1he fas!~r update ra~!. 

Finilly, we have begun :o expetiment wi'h the: Mr<mg dc:.p1h cue provided by head-motion p:mdh .. ;t We moun I on 1hc usc.r'; gl:ls5.es. :1 sug:u­
cube sized ta-rget of a real-time 30 mcking system by Polhemus Navigation Systems. Pixel-planes then g-e-ner2tes the 2ppr<>pn3te image icj 
lhe viewer's precise poshion 1.n front of lhe screen. \Ve find tllae lbcs.e images arc diStracting when v;ewed without stereo. s!nce lhe objects. 
appear to tip -s~ightly as the user moves his head from left tO right. Tile images. however. look drarnatically more :c:J.hsnc wt:en the he~d· 
cracking is combined :!iiih s'tereo. The (\1.'0 cues appear to strengthen each other noticeably. 
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4.J Gr<y·scale Slice Superimposicion 

Togcchcr wich coUC3gtJC Ben Tsu• of ll>omcdical Enginc.cnng and j,"TOdUatc $tudcnl Y>etona Jnccrrantt or the P>Xtl·planes Pro;ecc, we have 
begun co develop the eapabtlicy on Pixd·pl>n<$ to d>spJay 20 gey $tale im:ages cogC<her with 30 shlded surfaces. The fl!St capab•lily we., 
develop1ng u on~ tha~ allows the usu to ··cur away'" 3 30 ob;ctt and ro reveal the.reby the grcy·sca.i.t anformuion on ,he cu· surface. (lbe 
sW'Kiard cu:-plane rcvcab the hollow insides or the ~ttl or whatc~er Olher objectS h~ppen 10 be irsldeJ We c .. pect rn;u dus new C3p3bihty 

wsll help the user to undcnund lhc subtle grey·scalc vanauons 310und and wuiun 1he 30 objec1s. Aooth.e: use that Ben Tsu1 11 pur~umg is 
co combine che 30 surface-desaibeil objecc wilh dJrferenl 20 grey·scale infomJanon chan was ustd ong~nally to define the 30 surf:~cc .. •n 
panicula.r. exrracting 30 surl:Jces rrom cr AOatomjcal infonnauon and combming lhtm with 2D pey·scale ohysioloelcal lnformalion 
acquirtd by single phocon crrusscon computed cor.•ography (SPEC !) Pixel·planes moves both the g;cy·scale and the assomu:d 30 surfac. 
info:maaon dynamccally. 

5. A pplic:ttion 

Allhough we have been using •hese techmques (or d1agnosl!c radiology for scvcial yeiLts. we have hJd more t~perieoce 1n 1hc1r npplica1ion 
for rudlo1herapy treatment planning.The design o( 30 radJauon therapy crcatment plans p!ac.es a ht.!v~· demand on display technology To 
c:ontruCI a good plan in a reasonable lcngt}) of time. the physaCtan must be able to appreciate the spaoa:. rtlaosonships bc.!~cn nonn.'l :m:UOC'II.Y 

and cumor volume, multiply sup<.rtmpos<d r><l•ation beoms, and calculace lhe spatial d•slribution of lh: radiauon dose !n add•oon, bec.o-use 
r.o 30 dasplay can convey allchc dmil of • 20 display, tht 20 and 30 displays must be hnktd, so tl:a1 changes'" one are rcnecttd tn a he 
other. In our Dcpann1enc of Radiation Oncology we have developed a protocype syscem for 3D ueacment plllllnang and delivery. Tnis 
sys1em allows us 10 ~produce in soft\vart: a superset of 1he functions of a conventiOnal radiation simulator (x.rny machine bu11t 10 reproduce 
the gcometl'T)' of a<rcacment machine) {Sherousc. 1987; Mosher, 1987!. E.xtensivc uS<. IS made of mon~ or chc displ•y cechnaqucSdiScussed 
above. Trials 10 leslche fcasibihcy and accuncy of ours;-.Jem an: eum:n~y undawJy. 

G. r:'u 1ure russibilill(,''\ 

Several aspe<'cs of the work described above show promise.cechniques. Levoy's volumemc display cechntque{l988! offers the possibiliJy 

o( exploring the raw 30 am:tge data 'A'IIhOUl lhc: orne-consuming cxa:.ccion of obJect contours and reto.15auetion of their surf1ecs. lhc real· 
time d.Jsplay S)">l<m (Ptxel·planes o,, ~rhaps. so:ne bentr one) offers a promi~<. o! h>&her reali= comb1ned with mo:e dcptt. eues Theil 
capabilioes may lead 10 effective, useful "penulumzte• displays mounted o> the user's head (Sutherland, 1968; Fishc,, t987j, pumng the 
user inside lhe simulated environme..n1 so he: can walk around 1he simulated paticnl. movt io for a tlos.er look, wipe away obscutiog pans 
directly wiU. his hands. If such a sySiem cc.uld provide Ieal·llme volumecric imases, our uucten;ca"dang of thc;e CT and M Rl scud•es, and 
our deeision·mal:.ing based on them. may im~rove dr"""'cicall)' 
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