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Abstract

Two prominentissuesn non-photorealisticendering NPR)areex-
tracting featurepointsfor placing strokes and maintainingframe-
to-framecoherencanddensityof thesefeaturepoints. Most of the
existing NPR systemsaddresshesetwo issueshy directly operat-
ing on objects which cannotonly beexpensie, but alsodependent
onrepresentation.

We presentan interactve non-photorealisticenderingsystem,
INSPIRE,which performsfeatureextractionin bothimagespace,
on intermediatelyrenderedimages,and object space,on models
of various representationse.g., point, polygon, or hybrid mod-
els, without needingconnectiity information. INSPIRE performs
a two-steprenderingprocess.The rst stepresemblegraditional
renderingwith slight modi cations, andis often more ef cient to
renderafterthe extractionof featurepointsandtheir 3D properties
in imageand/orobjectspace.The secondsteprendersonly these
featurepointsby eitherdirectly draving simpleprimitives,or addi-
tionally performingtexturemappingto obtaindifferentNPRstyles.
In the secondstep, stratgies are developedto promiseframe-to-
framecoherencén animation.Becausef the smallcomputational
overheadaindthesucces®sf performingall theoperationsn vertex
andpixel shadersisingpopularlyavailableprogrammablgraphics
hardware, INSPIRE obtainsinteractive NPR renderingwith most
stylesof existing NPRsystemsbut offersmore e xibility onmodel
representationandcompromisedittie onrenderingspeed.

Keywords: non-photorealisticenderingjnteractize 3D graphics,
programmablgraphicshardware, GPU.

1 Introduction

Recentadwancesin computergraphicshardware and algorithms
have introducedincreasingnterestsan Non-PhotorealistilRender
ing (NPR).NPReffectssuchaspenandink [14], painting[5], stip-
pling [16] andcharcoaldraving [8] have beenproduced Thereare
two fundamentaisssuedo addressn producingNPR styles: (1) to

extractfeaturepointsfor placingstrokes(of variousstyles);and(2)

to maintainframe-to-frameoherencef thesefeaturepointsduring
acontinuousavigation. Relatedto the secondssueis the problem
of maintainingstroke density Cornishetal. [2] summarizeseveral
commonalitiesn NPRtechniquesor generatingeveralhighly var

ied artisticeffects.

Accordingto wherethe NPR featuresareextracted NPR meth-
odscanbecateyorizedinto objectspaceandimagesspacemethods.
Object-spacapproachedor NPR are popularly usedin existing
NPR systems.3D featuresaredirectly computedbasedon 3D ge-
ometry[6] andstrokesareplacedon surfaces.This approachends
to requirea well behaed geometricrepresentationf 3D models.
Raskarand Cohenemploy a methodwhich requiresno polygon
connectiity informationfor displayingsilhouetteedgeq12]. How-

ever, inspite of using the currentgraphicshardware, mary more
primitivesthanrequiredneedto be rendered Markosian[9] trades
accurayg anddetailsfor speedy only randomlyexaminingasmall
fraction of the edges. This randomizednethodcannotguarantee
thatall silhouettesberetrieved. To maintaincoherenceMeier [10]
associatestrokeswith particlesde ned onthesurfaceof theobject.
View-dependenparticlescanbe selectedbasedbn view-dependent
polygon simpli cation [2]. Although effective NPR styles have
beenachiezed usingobject-spac@pproachegbtaininginteractve
speeddor large modelsis oftendif cult, if notimpossible.

Earlier NPR systemstake an image-basedpproachby post-
processingntermediatémages.Saitoetal. [13] employ G-buffers
(geometricbuffers)thatpresere geometrigpropertiesof objectsin
the scenen imagespace suchasnormals,depths,or objectiden-
tities, for deriving image-spacinformationsuchascontourlines,
which arethencombinedwith the conventionallyrenderedmages.
Decaudin[3] enhancessaito's methodwith an additionalnormal
map.Nienhausetal. [11] acceleratémagespacesdge Iters utiliz-
ing moderntexture hardwareandcombineedgefeatureswith other
corventional renderingthrough projective texture mapping[17].
However, their 3D modelshave to be renderedwice. Theimage-
basedapproachis attractve becausehereare a wealth of image
processindools,hencat is more e xible androbust. However, sev-
eralissueselatedto the image-basea@pproachareunsohed. The
rst issueis the frame-to-framecoherence- aseachframeis pro-
cessedndependentlysomeweak featureg(like valleys or ridges)
in objectspacemay not be consistentlydetectedn subsequenm-
ageframes. Thenthe detectedmagefeaturesare combinedwith
corventionalor stylizedrenderingsThe stylesachiezedin this ap-

proacharelimited, andtheimagefeaturedack 3D continuity

In this paper we presentan NPR system,dubbedINSPIRE,
thatextendsthe image-basedpproacho achiere mostfeaturesof
object-basetlPRsystemsi.e.,thewide rangeof styles theframe-
to-frame coherenceand the uniform density control of stroles.
Thisis achiezedby anumberof novel stratgies. Firstly, thecontent
of intermediatémages(or G-huffers)is speciallydesignedso that
sufcient geometricinformation is available for directing stroke
placement. The detectedfeaturepoints are classi ed into strong
andweakedgepoints. This allows usto placedifferentstrolesto
illustratestrongandsubtlefeaturesseparatelySecondlyto ensure
frame-to-framecoherencewe employ a setof seedpointson the
initial objectand projectthemto theimagespaceaswell. These
seedpointssene ascandidatdocationsfor placingstrokessothat
strokes can appearsticking to objectsufaces. Thirdly, theseseed
pointscanbefurtherusedto illustratethetoneof the surfaceshased
on interactive lighting changes.Finally, all major operationsare
directly implementedn graphicshardware, speci cally, the latest
vertex andpixel shaderssothatinteractve NPRis achieved.

INSPIRE hencerepresentsin extendedimage-basedpproach

that combinesobject spacecontrols (i.e., seedpoints) to deliver
various NPR stylesand coherentnavigation. INSPIRE promises



a numberof features:modelindependencestylization e xibility
andef ciency.

1. Model independence:All the specialfeatures(silhouettes,
ridges, valleys) are detectedon the y from the rendered
2D image. This makes our methodindependenbf object
representations.g., polygons, points, or hybrids[1]. Be-
causeof the modelindependencehis methodcanbe easily
memged with almostary existing 3D renderingsystemwith
optimizationssuch as multi-resolutionand view-dependent
approachesFor the samereasonour methodis suitablefor
generatingfNPRimagesof dynamicscenesandanimationob-
jectsasno connectity informationneedgo be maintained.

2. Stylization exibility: Becausef arangeof waysof specify-
ing featurepointsandthe separatiorof featurepoint extrac-
tion andstylization,we cansupportvariousNPRstyleswithin
the sameframework.

3. Efciency: Our methoddoesnotdependnthecompleity of
a 3D scenéfor featurepoint extraction. Our combinationof
imageandobjectspacetechniqueslsoprovidesanopportu-
nity to utilize hardwareacceleration.

Therestof thepaperis organizedasfollows. We rst provide an
overview of oursystem(section2), thendiscussaboutourrendering
pipelinesin details (section3), especiallyour implementationin
vertex and pixel shaders.We presentour results(section4), and
concludewith adiscussiorandplanfor futurework (section5).

2 System Overview

INSPIRE canillustrate both view independenedgefeaturessuch
asridgesand valleys, and view dependentdgessuchas silhou-
ettes.INSPIREcanalsoillustratetonesof surfacesunderdifferent
lighting conditions. We will rst explain proceduresf illustrat-
ing only objectedgefeaturesjn which we discusshow to maintain
stroke consisteng anddensityuniformity duringanimation.Then,
we will explainthe proceduresor illustratingtonesof shading.

The systemcanbedividedinto threesteps although3D models
arerenderedonly once. The rst stepof the systemis to render
3D models.In this step,seedpoints,which arepre-selecteghoints
on object,arealsooptionally projected.The secondstepis to per
form imageprocessingdi.e., edge ltering) to extractedgepoints.
Seedpointsandedgepointsarecombinedo form feature pointsin
the third stepin which strokesare placed. The strokes aredravn
eitherasline segments,or orientedrectanglesnappedwith stroke
textures.

All pixelswith non-zercalphavalueafteredge ltering arecan-
didate edgepoints, which can be excessie; draving all of them
mayleadto a clutteredeffect. Thereforejn step2, we furthercate-
gorizecandidateedgepointsinto “strong” and“weak” edgepoints
by comparingthe ltered alphavaluewith athresholdvalue. This
classi cation also helpsus to apply different strokes to different
groupsof edgepointsto emphasizealesirablefeaturesandachieve
differentstyles.For example,strongedgepointssuchassilhouettes
andsharpridgesandvalleys aredravn usingthick andlong stroles,
while weakedgepointsareeitherdiscardedr dravn usingthin and
shortstrokes,dependingpn desiredstyles. Without explicit notice,
hereaftemve will referto strongedgepointssimply asedgepoints.

Thekey to theinteractvity of this systemis acompacthardware
implementatiorof all the key operationsof the pipeline. Theim-
age ltering stepfor edgedetectionis directly performedin pixel
shaderssimilar to that of Nienhauset al. [11]. Using traditional
colorimagesto detectobjectspacesdgefeaturesmayfail to detect
someedgefeaturesdueto the interferenceof lighting. Therefore,

herewe generaténtermediatémagesthatencodesurfacenormals
for edgedetection After image Itering, only edgepointsarekept.
However, normalinformationis neededo directstrole orientation
for eachdetectededgepoint. To keepthe normalinformationand
avoid renderingthe objectmultiple times,we carefully encodedif-

ferentinformationin RGRA channelof the framebuffer. The Al-

phachannelstoresthe dot-productf the surfacenormalsandthe
view vectors. Insteadof maintainingall threecomponent®f sur

facenormals,we corvert objectspacenormalsinto eye spaceand
thendiscardthe “z” component. We storethe othertwo compo-
nentsin Redand Greenchannelsespectiely. The seedpointsin

the rst stepareprojectedandtheirintensitiesarestoredin theBlue
channel.

Figurelillustratesthepipelineof generatingonerenderingstyle,
which canbe generalizedo the generatiorof otherstyles. Figure
1(b), (c), and (d), illustrate the eye spacenormals(red andgreen
channels),intensitiesof seedpoints (blue channel)and the dot-
productsof normalandview vectors(alphachannel)respectiely.
Figure1(e) is the imageof the alphachannelafter edge Itering.
Figure 1(f) shawvs the selected'strong” edgepoints. Strokesare
placedattheedgepointsin Figurel(f) andareorientedby theircor-
respondinghormalsin Figurel(b); Figure1(g) is theimageshow-
ing strongsilhouetteedges. For non-edgepointsin Figure 1(e),
their correspondingseedpointsin Figure 1(c) are usedasthe re-
mainingfeaturepoints;strolesof differentstylesaredrawnn, again,
usingtheir correspondingiormalsin Figure1(b). The nal image
is depictedn Figurel1(i).

3 Implementation Details

3.1 Rendering of 3D Models

This stepperformsconventional 3D renderingbut substituteshe
generalkolor attributeswith geometricattributes. The objective of
thisrenderings to obtainimagespacegeometnybuffersfor further
processingThis renderings independentf modelrepresentation.
Polygon,point, or hybrid modelscanbe used. In our experiment,
we mostly use point-basedenderingfor improving renderingef-
ciency without compromisingon the nal imagequality. We as-
sumerenderingprimitivesaspointsin the next discussion.
Eachcolor componentncodesa differentgeometricattribute.
Onesuchattribute is the dot productof the normalvectorandthe
view vectorat eachpoint. This scalarvalueis storedasthe alpha
component.The normalat eachpointis projectedto screenspace
andthe x andy componentgonstitutingthe screenspacenormal
arestoredasredandgreenvaluesrespectiely, while the“z” com-
ponentis simply discarded. After rendering,the obtainedalpha
channelwill be usedfor edgedetection,while the red and green
channekanbeusedto guidethestrole orientation.Becaus®f this
compactepresentatiorthereis still abluechanneleft, whichwill
be usedfor storingseedpoint projection,to be discussedext. At
this 3D renderingstep,the bluevalueof eachpointis setto zero.
Thesegeometricattributesarecomputedn vertex shadersThe
pseudacode(VertexPrograml) canbefoundin AppendixA.

3.2 Rendering of Seed Points

In the rst step, pre-selectedseedpoints are also projectedand
taken ascandidatdocationsfor laying strokesfor illustrating inte-
riors of the object,in orderto maintaincoherencédetweerframes
whenthe 3D model dynamicallychanges.The seedpointsare a
subsetof original object points; their numberdependson the re-
quireddensity In fact, the numberof seedpointsneedsto be dy-
namicallychangedo maintaina constanscreendensity Theseed
points' densitycorrelateso featurepoints' density andthereforea
constanbn-screerdensityof seedpointsleadsto uniform density



Figurel: Thegenerl renderingpipelineincludesthreestepsof rendering Stepl: theobject(a) is rendeedby encodingdifferentinformation
in differentframebuffer channels:(b) red and greenchannelsstore eye spacenormails;(c) blue channelencodesprojectedseedpoints(and
optionallytheir shadingintensities);(d) alphachannelstoresthedot-productbetweersurfacenormalsandviewing directions.Step2: image
Itering is performedon alphachannel(d) to obtainedge points(e), which is further classi edinto strong (f) andweakedge points. Step3:

renderingstrokesat edge points. Thestrong edge pointsare rendeed usingstrokesof onestyle(g) while the weakedge pointsare rendeed
usingstrokesof anotherstyle (h). All strokesare orientedbasedon their correspondinghormalsin (b). The nal image (i) is a combination

of image (g) and (h).

of strokes,henceproducinga constantoneof thesurfaceq15]. To
achieve this, we take a randomizedapproachin which the initial
point setof an objectis randomlyorderedand storedin a linear
buffer. Thenat runtime, dependingon the numberof seedpoints
neededa point setis fetchedfrom the linear buffer startingfrom
thebeaginning. This methodis successfullyusedin [18].

Whenlighting is enabledwe canobtaindifferenttonesby con-
trolling the stroke density andthereforethe densityof seedpoints.
We apply half-toning techniquego this seedpoint selectionpro-
cess.Freudenbey et al. [4] achieve real-timehalftoningby com-
paring a pre-designedhalftonetexture with the target shadingin-
tensity Inspiredby Freudenbey's hardwarethresholdmethod,we
assigneachinput primitive (herepoints)with anevenly distributed
randomvalue. The rangeof randomvaluesmatchesthat of the
shadingintensity Hardwarethresholdoperationis madeby com-
paringthe randomvalue with the illumination value. Thuslesser
seedpointswill be selectedor highlight regionswhile moreseed
pointswill beselectedor darkregions. Therefore the shadingin-
tensityis corveyed by spatialpoint densitydistribution.

The seed points are rendered using OpenGL command

GL_POINTSwith sizel. We utilize thedepthbuffer from theprevi-
ous3D modelingrenderingto do the depthtestsothatonly visible
seedpointsremainin the frame buffer. For eachseedpoint, in a
vertex program,thelight intensitywith respecto the currentlight
sourceis computedand storedin the blue channelof the output
colorif it is largerthanthe pre-storedralue,otherwisethe vertex's
blue channelremainsunchanged. At the pixel level, the visible
seedpointsarecombinedwith the 3D modelimageby asmallfrag-
mentprogram. Pseudacodesfor both the vertex program(vertex
program2) andfragmentprogramfor renderingof seedpointsare
providedin AppendixA

3.3 Feature Points Extraction and Classi cation

This stepinvolvestwo operations. Firstly, edgedetectionis per
formedon the abore obtainedalphachanneby applyingary edge
Iter andthen,the obtainedvaluesarefurtheranalyzedand com-
bined with the information from other channelto form feature
points.



Theedgedetectioncanbeefciently doneusingthe multitexture
andtexture rectanglefeaturesprovided by the currentcommodity
graphicshardware. The detailscanbe foundin [7] and[11]. A
wide rangeof edge lters canbeimplemented.

Oncethe edgedetectionis done,the entireframebuffer is read
backinto the main memory The alphabuffer is scannedhrough
andeachpixel is classi ed aseithera strongedgepoint or a weak
edgepoint basedon its alphachannelvalue and a pre-selected
thresholdvalue.If only strongsilhouetteedgesareof interestweak
pointsarediscarded Otherwise weakedgepointsmayalsobede-
pictedbut usingadifferentstyle. Optionally, their bluecomponents
arefurther testedso that only the weakedgepointswith non-zero
blue channelalueareregardedasfeaturepoints. For somestyles,
seedpointscanalsobe useddirectly asfeaturepointsindependent
of theiralphavalues.

3.4 Feature Points Stylization

Various NPR styles are achieved by applying different textures
(e.g.,strokes, furs, anddots)on featurepointsrenderedastextured
quads. Speci cally, for eachfeaturepoint, we generatdour ver-

ticeson the view planerepresentinghe four cornersof the quad
centeredatthefeaturepoint. Texture coordinateg0,0),(0,1),(1,0),
and(1,1) areassignedo the four verticesrespectiely. The quad
is placedin sucha directionthatthetexture orientationfollows the
perpendiculadirection to the projectednormal vector (storedin

RedandGreenchannels).Figure 2 shaws variousstylesachiezed
by INSPIREusingdifferenttextures.To fully utilize theefciency

of the GPU computationwe calculatethe vertex coordinate®f the
quadin vertex shaderssimilar to [18].

4 Results

We have implementedour NPR pipeline on an 800MHz Pentium
Il PC with OpenGL underWindows 2000. The main memory
is 1GB. We use an nVidia GeForce4 Ti4600 graphicscard with
128MB video memory All imagesarerenderedusing

resolution.

We are able to generatevarious NPR styles within a uni ed
framavork. Figure 2 demonstratesepresentate stylesthat are
generatedy INSPIRE. For comparisonwe usethe samemodel
for illustrating all the styles. For eachstyle image,the zoom-in
imageof apartof thecompleteémageindicatedby a squares illus-
tratedat the top-left corner underwhich the stroke texture is also
illustrated.

1. Cartoon style: Figure2(a)illustratesthis style,whichis done
by disablingseedpoints. The outlineis createdoy rendering
the strongedgepointswith strongstroke texture. Theinterior
of themodelis paintedwith a solid color.

2. Pencil style: Figure2(b)illustratesthis style,whichis similar
to Figure2(a)with seedpoints. Thethresholdor selectinghe
strongedgepointsis decreasetb asmallnumbersothatmore
strongedgepointsareselected.

3. One-Tone style: Figure 2(c) illustratesthis style. Lighting
is enabledn this style. Eachseedpointis drawvn asa dot if
its light intensity is lessthan a pre-assignedhreshold. The
outlines(strongedgepoints)of themodelis drawvn with adot
texture.

4. Two-Tone style: Figure2(d) illustratesthis style. Insteadof
onethresholdasin the One-Tonestyle, therearetwo thresh-
olds, high andlow thresholds.The seedpointswith light in-
tensity larger thanthe high thresholdare coloredwhite, the

Tablel1: Renderingperformancegimage resolution:640x640).

Model # of Points | FPS
Bunry 34,834 20.0
Elephant 155,688 | 15.1
Dragon 437,645 | 8.5
Armadillo 172,974 | 10.4
Hip 530,168 | 7.41

seedpointswith light intensitylessthn the low thresholdare
coloredblack, the remainingseedpointsareignored. All of
theseareplacedon top of agraybackground.

For Figure 2(c) and (d), the seedpoint distribution are in-
creasedo about50%to achiee theeffects.

5. Curly fur style: Figure2(e)illustratesthis style. Herea"ziz-
zag"textureis dravn at eachseedpoint. To make the texture
morevisible ateachseedpoint, thebasicquads sizedravn at
eachseedpointis increasedy a constanof 4.

6. Fur style: Figure2(f) illustratesthis style. A hairy textureis
placedon strongedgepointsandseedpoints. To control the
fur density we canincreaseor decreas¢he numberof seed
points. Alphablendingis enabledo achieze smoothness.

7. Sketchstyle: Figure2(g)illustratesthis style. Herea straight
line textureis simply usedwith alphablendingenabledateach
seedpoint.

8. Indian-ink style: Figure 2(h) illustratesthis style, which is
verysimilarto One-Tonestyle,but seedpointsaredravn with
astrongstroke textureif their light intensityis lessthanpre-
selectedhreshold.

We have also demonstrate@notherstyle for medicalobjectil-
lustration (Figure 3). This style is createdby taking weak edge
points as featurepoints. However, to avoid excessve numberof
featurepoints, anotherthresholdis speci ed to Iter away weak
edgepointsof extremelysmallvalues.No seedpointsaretakenas
featurepoints.

Finally, we demonstratehe renderingef ciency of our system
in Tablel. All objectsare point-basednodels. The framerateis
averageperformancef typicalinteractionwith themodels.Perfor
mancelifferencebetweerrenderingof differentstylesis negligible
sinceall stylessharethe samerenderingpipeline.

5 Conclusions and Future Work

We have presentedan NPR systemthat featuresstylized render

ing and interactve navigation in a uni ed framevork. We have
achieved variousstyles. By designinga compacthardwareimple-
mentation,interactve renderingspeedcan be obtained. Speci -

cally, to achieve commonfeaturesof non-photorealisticendering,
we have developedprocedureso rst extractfeaturepointsandand
thenemplgying differentgeometrigprimitives (or strokes)to illus-

tratethesefeaturepoints. By employing differentstrokesfor differ-

entfeaturepointsthroughtexturemapping we canobtainanumber
of artisticeffects. We have alsodevelopedmethoddor maintaining
consistenanimationand screenspacestroke densityduring navi-

gation. We have leveragedmoderncommoditygraphicshardware
by deferringalmostall operationgo the GPU. Theresultsobtained
have shavn thatour NPR systemis both exible, in termsof vari-

ousstylizationsefcient, in termsof interactvity, andconsistentn

termsof animation.



The above efforts have createda framework for developingad-
ditional artistic stylesin thefuture. Researchs alreadyunderway
in this direction. Currently sincewe de ne seedpointsasa sub-
setof polygonverticesor pointsof point-basednodels,the maxi-
mum numberof seedpointsis hence x ed. Whenthe cameragets
very closeto the object, no new points can be added,hence,the
stroke densitystartsto decrease We wish to addresghis issuein
future. A potential solutionis to either generatenew points, or
generateexture patternswith more textured strokes. We arein-
vestigatingef cient approachefor hardwareimplementatiorof ei-
therapproachesOnebottleneckof our systemis the frame-huffer
read-bacloperationin steptwo of therenderingpipeline. For large
imageresolutionsthis will have a noticeableeffect on rendering
speed We will investigatemethodghatallow usto generatdarger
resolutionimageswhile keepingthe intermediatamageresolution
moderate. We will alsoanalyzenen featuresof future graphics
hardwareto hopefullyavoid this bottleneck.
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A Vertex and Pixel Shader Pseudo-codes

VertexPrograml

1: INPUT:

2: transformedy view projectionmatrix
in theeye space

in theeye space

view directionfrom  to (0,0,0)in theeye space

NN A ®

VertexProgram?2
1: INPUT:
2: INPUT: pre-generatecandomvalue at
3: CONSTANT:
4: transformedy view projectionmatrix
5: in theeye space
6: in theeye space



7 in theeye space
8: view directionfrom  to (0,0,0)
9: light shadingusing
10: if then
11:
12: endif
13:
14:
15:
16:
17: coordinateof the projectionof

FragmentProgram is appliedto eachrasterizegixel from Ver-
texProgram2. If at VertexProgram1 level, TEXO is boundto the

framebuffer of Stepl, thenat pixel level, containsthecur-
rentvalueof the frame buffer, containstheincomingcolor
valueof thepixel.

FragmentProgram
1:



Figure2: Renderingof the Armadillo objectusingdifferentNPRstyles(thetop-leftcornersmallimagesare thezoom-ins
of theright images;underthe zoom-insare the stroke texturesused): (a) Cartoonstyle(interior solid color; only strokes
on strong edge points), (b) Pencil style (similar to (a) without interior color, more strong edge points are selected),
(c) One-Pne style (strong edge points drawn using dots texture; lighting enabled; seedpoints with intensity above

thresholddrawn as bladk dots),(d) Two-Tonestyle (similar to (c), two thresholdsused;white and bladk dotsare drawn

for seedpointsabovelarger thresholdandseedpointshelowsmallerthreshold respectivelyagainsta gray badkground),

(e) Curly fur style (weakpointsdrawn using“zig-zag” texturesin large sizes),(f) Fur style (edge pointsdrawn using

hair textures; blendingenabledfor smoothness)g) Sletc style (seedpointsdrawn usingstraight line textures; alpha

blendingenabled),(h) Indian-ink style (similar to one-tonestyle; denseseedpointswith light intensitylessthan pre-

selectedhresholdare drawnusingthick stroke textures).



Figure3: Anotherstylefor medicalillustration. Theimagesto theright depictpencil drawingsof the correspondindeft images,
which are generatedphotoealistically.



