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Chapter 1

Binary SpacePartitioning Trees

Thebinaryspacepartitioning(BSP)treealgorithmwasdevelopedby Fuchs,Ke-
dem,andNaylor [7], basedon work of Schumacker [8]. TheBSPtreealgorithm
is an efficient methodfor calculatingthe visibility relationshipsamonga static
groupof 3D polygonsasseenfrom anarbitraryviewpoint. It tradesoff aninitial
timeandspaceintensivepreprocessingstepagainsta lineardisplayalgorithmthat
is executedwhenevera new viewing specificationis desired.Thus,thealgorithm
is well suitedfor applicationsin which theviewpoint changesbut theobjectsdo
not.

1.1 Algorithm

TheBSPtreealgorithm[1] isbasedontheobservationthatapolygonwill bescan-
convertedcorrectly(i.e.,will not overlapincorrectlyor beoverlappedincorrectly
by otherpolygons)if all polygonsontheothersideof it from theviewerarescan-
convertedfirst, followedby it, andthenall polygonson thesamesideof it asthe
viewer. Weneedto ensurethatthis is sofor eachpolygon.

Thealgorithmmakesit easyto determinea correctorderfor scanconversion
by building abinarytreeof polygons,theBSPtree.TheBSPtree’s root is apoly-
gonselectedfrom thoseto bedisplayed;thealgorithmworkscorrectlyno matter
which is picked. Theroot polygonis usedto partition theenvironmentinto two
half-spaces.Onehalf-spacecontainsall remainingpolygonsin front of the root
polygon,relative to its surfacenormal;theothercontainsall polygonsbehindthe
root polygon. Any polygon lying on both sidesof the root polygon’s planeis
split by the plane,andits front andbackpiecesareassignedto the appropriate
half-space.Onepolygoneachfrom therootpolygon’s front andbackhalf-spaces
becomesits front andbackchildren,andeachchild is recursively usedto divide
theremainingpolygonsin its half-spacein thesamefashion.Thealgorithmter-
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minateswheneachnodecontainsonly a singlepolygon.A C++ pseudo-codefor
tree-building phaseis givenbelow [5].

struct BSP_tree
{

plane partition;
list polygons;
BSP_tree *front,

*back;
};

void Build_BSP_Tree (BSP_tree *tree, list polygons)
{

polygon *root = polygons.Get_From_List ();
tree->partition = root->Get_Plane ();
tree->polygons.Add_To_List (root);
list front_list,

back_list;
polygon *poly;
while ((poly = polygons.Get_From_List ()) != 0)
{

int result = tree->partition.Classify_Polygon (poly);
switch (result)
{

case COINCIDENT:
tree->polygons.Add_To_List (poly);
break;

case IN_BACK_OF:
backlist.Add_To_List (poly);
break;

case IN_FRONT_OF:
frontlist.Add_To_List (poly);
break;

case SPANNING:
polygon *front_piece, *back_piece;
Split_Polygon (poly, tree->partition, front_piece, back_piece);
backlist.Add_To_List (back_piece);
frontlist.Add_To_List (front_piece);
break;

}



}
if ( ! front_list.Is_Empty_List ())
{

tree->front = new BSP_tree;
Build_BSP_Tree (tree->front, front_list);

}
if ( ! back_list.Is_Empty_List ())
{

tree->back = new BSP_tree;
Build_BSP_Tree (tree->back, back_list);

}
}

Remarkably, theBSPtreecanbetraversedin a modifiedin-ordertreewalk to
yield a correctpriority-orderedpolygonlist for anarbitraryviewpoint. Consider
theroot polygon. It dividestheremainingpolygonsinto two sets,eachof which
lies entirely on onesideof the root’s plane. Thus,the algorithmneedsonly to
guaranteethat the setsaredisplayedin the correctrelative orderto ensureboth
thatoneset’s polygonsdonot interferewith theother’s andthattheroot polygon
is displayedproperlyandin thecorrectorderrelative to theothers.If theviewer
is in theroot polygon’s front half-space,thenthealgorithmmustfirst displayall
polygonsin theroot’s rearhalf-space(thosethatcouldbeobscuredby theroot),
then the root, and finally all polygonsin its front half-space(thosethat could
obscurethe root). Alternatively, if the viewer is in the root polygon’s rearhalf-
space,thenthealgorithmmustdisplayall polygonsin theroot’s front half-space,
thentheroot,andfinally all polygonsin its rearhalf-space.If thepolygonis seen
onedge,eitherdisplayordersuffices.Back-faceculling maybeaccomplishedby
not displayinga polygon if the eye is in its rearhalf-space.Eachof the root’s
childrenis recursively processedby thisalgorithm.

void Draw_BSP_Tree (BSP_tree *tree, point eye)
{

real result = tree->partition.Classify_Point (eye);
if (result > 0)
{

Draw_BSP_Tree (tree->back, eye);
tree->polygons.Draw_Polygon_List ();
Draw_BSP_Tree (tree->front, eye);

}
else if (result < 0)
{



Draw_BSP_Tree (tree->front, eye);
tree->polygons.Draw_Polygon_List ();
Draw_BSP_Tree (tree->back, eye);

}
else // result is 0
{

// the eye point is on the partition plane...
Draw_BSP_Tree (tree->front, eye);
Draw_BSP_Tree (tree->back, eye);

}
}

Like the depth-sortalgorithm,the BSPtreealgorithmperformsintersection
andsortingentirely at objectprecision,andrelieson the image-precisionover-
write capabilitiesof a rasterdevice. Unlike depthsort, it performsall polygon
splittingduringapreprocessingstepthatmustberepeatedonly whentheenviron-
mentchanges.Notethatmorepolygonsplitting mayoccurthanin thedepth-sort
algorithm.

1.2 Implementation

TheBSPtreeconstructionandrendering/traversingalgorithmis implementedas
a partof thepracticaltraining. Thecorecode(written in ANSI C) hasbeentaken
from Graphics Gems [2] andmodifiedto suit the needs.Certainadditionshave
beenmadeto acceptthe3D objectsin standardOFF formatfilesastheinputand
to displaytherenderedoutputusingasimpleviewerusingthestandardX Window
libraries.

Thealgorithmimplementedheretakescareof only objectsconsistingof con-
vex polygons,asthepolygonsplitting algorithmis implementedonly for convex
polygons. This is becauseconvex polygonsaregenerallyeasierto dealwith in
BSPtreeconstructionthanconcave ones,becausesplitting themwith a planeal-
waysresultsin exactlytwoconvex pieces.Furthermore,thealgorithmfor splitting
convex polygonsis straightforwardandrobust.Splittingof concavepolygons,es-
peciallyself intersectingones,is asignificantproblemin its own right.

Thechoiceof thethedividing polygonis madeby testingthefirst N polygons
in the list (denotedby the global variableMAX CANDIDATES in the program
written) andcheckingfor the numberof intersectionsof eachpolygonwith the
otherpolygonsin the list. The polygongiving rise to the minimum numberof
intersectionsis chosenasthe dividing polygon. This is an O

�
N2 � process.Ide-

ally, N shouldbeequalto thenumberof polygonsin the list (althougheventhis



doesnot guaranteethe minimum numberof intersectionsin totality, asthis will
alsoaffect the decisionfor thechoiceof thenext dividing polygonin the recur-
sive algorithm),but practicallyit is takenanywherefrom 5 � 100 dependingon
thetradeoff betweenthenumberof resultingoutputpolygonsdueto theartificial
intersections(the intersectionsresultingfrom division of thepolygonsin the list
by thedividing polygon)andtime. LargeN is recommendedwherethetimetaken
for traversingof thetree(for displaying)for variousviewpointsis moreimportant
that thetime requiredfor theconstructionof theBSPtree,asin thecaseof map
constructorsin DOOM likegameswheretheBSPtreeis theinput to therenderer.

1.3 Efficiency

For hiddensurfaceremoval andraytracingaccelerationusingBSPtree,theupper
boundfor bothspaceandtimecomplexity is O

�
N2 � for N polygons.Theexpected

caseis O
�
N � for mostmodels.

1.4 Scopefor Impr ovement
� Artificial intersectionswhich areseenin thefinal outputcanbeprevented

from beingdisplayedby flaggingthemin theintersectionroutineandusing
this informationwhile rendering.

� Supportfor objectscontainingconcave polygonscanalsobe includedby
extendingtheplane-polygonintersectionroutineto concavepolygons.

� Also, thealgorithmcanbeimplementedin a non-recursive way by usinga
stackof pointersto BSPtree.Thiscanbefasteronsomeprocessors.



Chapter 2

PolygonClipping

Clipping,theprocessof extractingaportionof adatabase,is fundamentalto sev-
eralaspectsof computergraphics.In additionto its moretypical usein selecting
only thespecificinformationrequiredto displaya particularsceneor view from
a largerenvironment,it is alsousefulin hiddenline, hiddensurface,shadow, and
texturealgorithms. In the context of many applications,e.g.,hiddensurfacere-
moval, theability to clip concavepolygonsis required.Discussedbelow is avery
powerful polygonclippingalgorithmdueto Kevin WeilerandPeterAtherton[6].

2.1 Weiler-Atherton Algorithm

TheWeiler-Athertonalgorithmis capableof clippinga concave polygonwith in-
teriorholesto theboundariesof anotherconcavepolygon,alsowith interiorholes.
Thepolygonto beclippedis calledthesubjectpolygon(SP)andtheclipping re-
gion is calledtheclip polygon(CP).Thenew boundariescreatedby clipping the
SPagainsttheCPareidenticalto portionsof theCP. No new edgesarecreated.
Hence,thenumberof resultingpolygonsis minimized.

ThealgorithmdescribesboththeSPandtheCPby a circular list of vertices.
Theexteriorboundariesof thepolygonsaredescribedclockwise,andtheinterior
boundariesor holesaredescribedcounter-clockwise.Whentraversingthevertex
list, this conventionensuresthat the insideof thepolygonis alwaysto theright.
The boundariesof the SPand the CP may or may not intersect. If they inter-
sect,theintersectionsoccurin pairs.Oneof theintersectionsoccurswhentheSP
edgeentersthe insideof the CPandonewhenit leaves. Fundamentally, the al-
gorithmstartsatanenteringintersectionandfollows theexteriorboundaryof the
SPclockwiseuntil an intersectionwith a CPis found. At theintersectiona right
turn is made,andtheexteriorof theCPis followedclockwiseuntil anintersection
with theSPis found. Again,at theintersection,a right turn is made,with theSP
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now beingfollowed. Theprocessis continueduntil thestartingpoint is reached.
Interiorboundariesof theSParefollowedcounter-clockwise.

A moreformalstatementof thealgorithmis [3]
� Determine the intersectionsof the subjectand clip polygons- Add each

intersectionto theSPandCPvertex lists. Tageachintersectionvertex and
establisha bidirectionallink betweentheSPandCPlists for eachintersec-
tion vertex.

� Processnonintersecting polygon borders - Establishtwo holding lists:
onefor boundarieswhich lie insidethe CP andonefor boundarieswhich
lie outside.IgnoreCPboundarieswhich areoutsidetheSP. CPboundaries
insidetheSPform holesin theSP. Consequently. acopy of theCPboundary
goeson both the insideandthe outsideholding list. Placethe boundaries
on theappropriateholdinglist.

� Createtwo intersectionvertex lists - One,theenteringlist, containsonly
the intersectionsfor the SPedgeenteringthe insideof the CP. The other,
the leaving list, containsonly the intersectionsfor theSPedgeleaving the
insideof the CP. The intersectiontype will alternatealongthe boundary.
Thus,only onedeterminationis requiredfor eachpairof intersections.

� Perform the actual clipping -
PolygonsinsidetheCParefoundusingthefollowing procedure.

– Remove an intersectionvertex from the enteringlist. If the list is
empty, theprocessis complete.

– Follow the SPvertex list until an intersectionis found. Copy theSP
list uptothispoint to theinsideholdinglist.

– Usingthelink, jump to theCPvertex list.

– Follow theCPvertex list until an intersectionis found. Copy theCP
vertex list uptothispoint to theinsideholdinglist.

– Jumpbackto theSPvertex list.

– Repeatuntil thestartingpoint is againreached.At this point, thenew
insidepolygonhasbeenclosed.

Polygonsoutsidethe CP arefound usingthe sameprocedure,exceptthat
the initial intersectionvertex is obtainedfrom the leaving list andthe CP
vertex list is followedin thereversedirection.Thepolygonlistsarecopied
to theoutsideholdinglist.

A suitablydetaileddescriptionof thealgorithmcanbefoundin [3] and[6].



2.2 Implementation

TheWeiler-Athertonalgorithmimplementedhereworksfor clippingof onecon-
cave polygonagainstanotherandhandlesall specialcases(i.e. coincidentedges,
coincidentvertices,vertex of onepolygonlying on the edgeof the other, etc.).
Theimplementationhowever, doesnot takecareof self-intersectingpolygonsand
polygonswith holes.

2.3 Efficiency

The complexity of the intersectioncalculationsis alwaysO
�
MN � whereM and

N arethe numberof verticesof the CP andSPrespectively. The complexity of
thepolygonclipping problemfor a non-specialcaseis in theworstcaseO

�
MN � .

For disjointCPandSP, theintersectionalgorithmchecksfor boundingboxesand
henceis moreefficient. For specialcases,thecomplexity maybeworsedueto the
overheadsinvolvedin theirdetection.[4]

2.4 Scopefor Impr ovement

If appropriatespacepartitioningtechniquesareused,thecomplexity of theinter-
sectioncalculationscanbe reducedfrom O

�
MN � to O

�
M � N � . Sincenot suffi-

cientamountof literaturefor classifyingandhandlingthespecialcaseswasavail-
ableat the time of writing of the code,a trial anderror methodwasadoptedto
arriveat analgorithmto classifyall thespecialcasesknown. Sincethealgorithm
is not rigorouslytested,theremight just bea very very specialcasefor which it
mayfail.



Chapter 3

Hidden Line Removal usingBSP
Treeand PolygonClipping

3.1 Algorithm

Here,theBSPTreeroutineandPolygonClipping routineareusedin succession
to performhiddenline removal. A C++ pseudo-codeillustratingthealgorithmis
givenbelow.

void HiddenLineRemoval ()
{
OFFObject *obj;
Point3d viewpoint;
Poly2d subject,clip;
Poly2d *insidelist,*outsidelist;
Poly2d *subjectlist,*new_subjectlist;
int i,j,k,l;

ReadOFFObject (obj);
Read (viewpioint);

Sort_using_BSP (obj,viewpoint);

Transform2d (obj,viewpoint);

for (i = obj->nf-1; i >= 0; i--)
{
subject = obj->faces[i];
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subjectlist[0] = subject;
subjectlist->n = 1;

for (j = i+1; j <= obj->nf; j++)
{
clip = obj->faces[j];

new_subjectlist->n = 0;
for (k = 0; k < subjectlist->n; k++)

{
Clip2polygons(clip,subjectlist[k],insidelist,outsidelist);
new_subjectlist += outsidelist;
new_subjectlist->n += outsidelist->n;
// Append ’outsidelist’ to ’new_subjectlist’

}

subjectlist = new_subjectlist;
}

Output (subjectlist);
// Print ’subjectlist’ as output

}
}

Theinputherearethesetof convex polygonsin 3D spacein OFF formatand
the view point, andtheoutputis a setof non-overlappingpolygonsin 2D space
which whendrawn in any order, give thedesiredhiddenline removal effect with
respectto thegivenview point.

3.2 Implementation

Theabovealgorithmwasformulatedandimplementedduringthedurationof the
practicaltraining. However, the BSProutinecould not be incorporatedinto the
codedueto lack of time. Thus,the implementedcoderequiresthe outputfrom
theBSProutineasits input.

3.3 Efficiency

Thealgorithmasdescribedabove hascomplexity of O
�
N2 � , N beingthenumber

of polygonsin the input. Theefficiency greatlydependson theefficiency of the



clippingalgorithmwhichitself hascomplexity of O
�
MN � asdescribedpreviously.

But sincea significantnumberof polygonsin a typical input are disjoint (i.e.
not all polygonsin thelist necessarilyintersecteachother),thepolygonclipping
routineon anaveragehasa complexity of muchlessthanO

�
N2 � for sufficiently

largeN. Thus,thetypical timecomplexity of thealgorithmwouldbeO
�
N3 � .

3.4 Scopefor Impr ovement

Thereis amplescopefor improvementin the algorithmmentionedabove. It is
almosta bruteforce implementationusingthe clipping routineto obtainhidden
line removal andthereexist moreefficientways(of possiblyO

�
NlogN � complex-

ity) to obtainthesameresults(althoughimplementationmaybemorecomplex).
Also,dynamicmemoryallocation(DMA) canbeusedinsteadof thepresentfixed
memoryallocationto efficiently utilise thesystemresources.



Chapter 4

Results

Somesampleresultsof thediscussedalgorithmsfrom thevariousroutinesimple-
mentedin ANSI C areshown here.

In all the BSP tree constructioncalculations,MAX CANDIDATES = 10.
Also, Ni denotesthe numberof polygonsin the input andNo denotesthe num-
berof polygonsin theoutput. On a 486 DX2-66 with 8 MB RAM runningLinux
v. 1.3.47, thetime takenwas

� Mushroom(Ni
� 240) � 2 sec. (Figure4.1)

� Goblet(Ni
� 470) � 5 sec. (Figure4.3)

� Seashell(Ni
� 1680) � 8 sec. (Figure4.5)

� Teapot(Ni
� 3751) � 42 sec. (Figure4.7)

Theartificial intersectionsdueto BSPTreeconstructionareclearlyseenin the
outputof thefirst few examples(Figures4.2,4.4,4.6and4.8).
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Figure4.1: Input - Mushroomwire frame(Ni
� 240)

Figure4.2: Output- MushroomrenderedafterBSPsorting(No
� 481)



Figure4.3: Input - Gobletwire frame(Ni
� 470)

Figure4.4: Output- GobletrenderedafterBSPsorting(No
� 1109)



Figure4.5: Input - Seashellwire frame(Ni
� 1680)

Figure4.6: Output- SeashellrenderedafterBSPsorting(No
� 3706)



Figure4.7: Input - Teapotwire frame(Ni
� 3751)

Figure4.8: Output- TeapotrenderedafterBSPsorting(No
� 7743)



Figure4.9: Example- Input to BSProutine(Ni
� 12)

Figure4.10:Example- OutputafterBSPsorting(No
� 12)



Figure4.11:Example- Input to HiddenLine Removal routine(Ni
� 10)

Figure4.12:Example- Outputfrom HiddenLine Removal routine(No
� 7)
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