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ABSTRACT

An octreeis a well known hierarchicalspatialstructurewhich is widely usedin ComputerGraphicsal-
gorithms. One of the mostfrequentoperationss the computationof the octreevoxels intersectedy a
straightline. This hasa numberof applicationssuchasray-objectintersectiortestsspeed-u@ndvisual-
isationof hierarchicadensitymodelsby ray-casting.Seseralmethodshave beenproposedo achieve this
goal, which differ in the orderin which intersectedsoxels arevisited. In this paperwe introducea nen
top-donvn parametrianethod.The maindifferencewith previously proposednethodss relatedto descent
movementsthatis, theselectiorof achild sub-voxel from thecurrentone. This selectionasthealgorithm,
is basedonthe parameteof theray andcomprisesimplecomparisonsTheresultingalgorithmis easyto
implement,andefficient whencomparedo otherrelatedtop-dovn andbottom-upalgorithmsfor octrees.
Finally, acomparisorwith Kelvin’s methodfor binarytreesis presented.
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1 Intr oduction

By Octree Traversing we meanthe processof find-

ing the subsetof voxelsin an octreepiercedby a di-

rectedline. As statedin the abstractthis hasseveral
applicationsin ComputerGraphics. Maybe the best
known oneis the speeding-upf intersectiortestsof

a line with a setof objects. In this case,the octree
is usedasa spatialindex. Eachvoxel holdsa pointer
to the subsetof objectsthatit intersectsor contains.
Then, the set of objectshit by the ray is necessar
ily includedin the setof objectsintersectingvoxels
piercedby theray. By traversingtheoctreeit is possi-
ble to restrictthe ray-objectintersectiontestto this
setof objects. This is only an improvementwhen
the traversalprocesss much fasterthanthe teston

all objects. Octreesarealsousedin solid modelling.
In this case,the density of one or several materials
is considerecconstantfor eachvoxel of the octree.
Generally the internal structureof this density dis-

tribution can be visualisedby using a renderingal-

gorithm which displaysit as a transparenmaterial.
For thesekind of algorithms,the accumulatedpac-

ity alongarayis computeddy obtainingthetraversed
voxels. Severalalgorithmsfor octreetraversinghave

beenproposedAgate9], Cohen93EndI94 Fujim86

Gamga93 Glass84Jevan89 Samet89Sung9]. They

canbeclassifiednto two groups,accordingo theor-

derin which piercedvoxelsareobtained:

Bottom-UpMethods: Traversingstartsat thefirst ter-

minal nodeintersectedby theray. A processcalled
neighbourfinding is usedto obtain the next termi-

nal node from the currentone [Glass84 Samet89
Samet9o

Top-Down Methods: Thesemethodsstart from the

root voxel (that is, from the one covering all oth-

ers). Thena recursve procedures used. From the

currentnode, its direct descendantsit by the ray

areobtainedandthe processs (recursvely) repeated
for eachof them, until terminal voxels are reached
[Agate91 Cohen93EndI94 Janse85Gamad].

In this papemwe introducea new top-down algorithm.
This new algorithmis basedon the parametricepre-
sentationof theray. This representatiomllows usto



maprealvalues(parametewalues)to ray points. The
algorithmcomputesheparametevaluesatwhichthe
ray intersectsthe three planesthat divide eachvo-
xel. Thesevaluesare computedincrementally by
using additionsand divisions by two. In essence,
thisalgorithmis relatedto otherparametridop-dovn
algorithms, such as the one introducedby Jansen
[Janse8h Arvo [Arvo88, andAgate[Agate9]. Af-
terward, Sungand Shirley [Sung923 proposeda ver-
siononaBSPtreeof Jansers work. Authorsof these
papergpointedoutthatthe costof traversinganoctree
anda BSPtree are similar, (theseresultshave been
formally presentedby ReinhardReinh94). Both pa-
rametricmethodqfor octreesandBSPs)arebasedn
the sameprinciplesasour work. However, herewe
proposeanew methodfor selectinghefirst sub-voxel
of a voxel, by using comparisonn previously ob-
tainedparametewalues. This allows us to avoid the
neighbourfinding processthus saring memoryand
computingtime. With respectto the movementsbe-
tweenneighbourvoxels with the sameparentvoxel,
we usean algorithmwhich is alsobasedon the ray
parameterasthe algorithmdescribecdby Amanatides
[Amana81.

Sung [Sung9] presentedan octree traversal algo-
rithm which hasthe sametheoreticabasisasthe 3D-
DDA traversalalgorithm[Amana87 for uniformspa-
tial subdvision,however, for unbalancedctreeseffi-
ciengy decreasesThisis dueto thefactthatSungsal-
gorithmusesthesmallestoctreeleaf astraversalbase
unit.

Moreover, we mustreferasignificantwork presented
by J. Spackmarand RJ. Willis [Spack9]. The au-
thorspresented very efficient algorithmto traverse
anoctreethatonly employed operationswith integer
arithmeticthroughoutthe traversal. That algorithm
is outlined into the paperandit is very robust. In
essenceboth algorithmsmustbe equivalentbecause
they usethe sameprinciplesfor eachmovement.We
think the proposednethodin this paperis easyto un-
derstandandvery didacticfor teaching.

Thispapertis organisedasfollows: section?2 describes
a simplified versionof the algorithm for quadtrees.
The extensionfor octreeds detailedin section3. A
comparisonin termsof efficiency with other meth-
ods, such as the bottom-up method introducedby
Samet[Samet89, two extensionsof it proposedby
Endl [EndI94], and a recursve top-dovn method
[Garga93, is alsoincluded. We usethe samesoft-
waresysterrfor all thealgorithms.

Resultsshawv thatthe new algorithmis moreefficient
thantheseothermethodsxceptonthealgorithmpre-
sentedoy SpackmarandWillis. Furthermoreits sim-
plicity makesit straightforvardto implement,ascan
be obsenedin thesourcecodelistingsin section4.

2 The Algorithm for 2D case

We definearay r asapair (p, d), wherep = (pg, py)
is the origin, andd = (d;, dy) is the unit lengthdi-
rectionvector For eachreal valuet > 0 exists a
point (z,(t),y,(t)) ontheray, wherez, andy, are
two scalarfunctionsdefinedasfollows:

zr(t) = pz+idy

p(t) = py+td, )

A nodeo in a quadtrees the setof pointsinsidean
axis-alignedrectangle(whosefour edgeshave equal
length). Formally, o is the setof points (z,y) such
thatzo(o) < x < z1(0) andye(o) < y < y1(0),
wherexo, z1,y0 andy; arefour scalarvaluedfunc-
tions which definethe position of eachnodeo (we
alsodefines(o) asthelengthof eachedgeof o)

Fromthe above definitions,we deducethat an inter-
sectionbetweerarayr andanodeo occursif atleast
onerealvaluet existssuchthat:

z0(0) < z.(t) < z1(0)

A w0 < ul) < p) P

The algorithmwe proposeis calleda parametrical-
gorithm becauseall computationsuse values of ¢
suchthat (z,(t),y,(t)) is a point on a nodebound-
ary. For anodeo andray r, t;o(0,7),ty0(0,7), and
tz1(0,7),ty1(0,7) are definedas the ray parameter
valuesfor which theray intersectawith the boundary
of the node. Formally, thesevaluesobey the follow-
ing equalities:

Tr(tzi(o,1)) = mi(o)‘ .
1 €{0,1 3
vrlty(o,r) = yilo) oy @
By usingtheinversefunctionsof z,., andy,. theabove
parameteraluescanbe definedexplicitly

tzi(o, r) = ('Z.l (O) _pw)/dz )
tio.r) = (o) ~p,)/d, | "€
4)

being p,, andp, the origin of the half line, andd,
andd, theunitlengthdirectionvector Thesefour va-
luesarecomputedor eachnodewhentraversingthe
guadtreelnitially they areobtainedor therootnode,
andthenanincrementabtomputationis performedor
eachchild node. In orderto detail this incremental
computationyve first definethe following quantities

Aty (0,7) = tz1(0,7) — tgolo,r) )
Aty(o,7) = ty1(o,7) — tyo(o,T)

Substituting4) into (5), we getAt,(o,r) = s(o0)/d,,
for eachnodeo. In the casethat o is non-terminal,
for all children o; of 0o we have At,(o;,7) =
Atz (o,r)/2. Similar relationshold for At,. Thus,
the valuesAt, and At, canbe incrementallycom-
putedfor a child nodejust by halving the value for



Figurel: Labeledoctree(the hiddennodehas
label1).

the parentnode. If we substitutethe following recur
rencerelations

zo(0;) = xo(0) + s(0;)Ax;
Yo(0i) Yo(0) + s(0i)Ay;

into (4) we obtain

( .Z‘()(O) + S(Oi)Ami — Dz )/dz

(z0(0) —pz ) /ds + (8(0:)/ds) A
teo(o,1) + Atg(o;, 1) Ax;

(6)

twO(Oia T)

In this case,Az; and Ay; arecomponent®f the fo-
llowing two vectors:

Az = {0,0,1,1} @)
Ay = {0,1,0,1}

The last result also holds for t,0. Thus, we have
shavn how thesevaluescan be incrementallycom-
putedfor all child nodesof the currentnode. The
computatiorof thesevaluesfor therootnodeq is car
ried out by using(4).

Knowing thedefinitionsof anodeandaray, we easily
deducehatanintersectiorbetweerarayr andanode
o occursif atleastonerealvaluet existssuchthat:

zo(0) < z,(t) < z1(0) ®8)

A yo(0) < yr(t) < y1(0)

Wherea intersectioroccurs,aninterval o valuesof ¢

satisfiegsheaboveinequalities. Thisintervalis closed

atthe left and openon theright for half lineswith a
positive or zerovalueddirectionvectot

By taking all theseresultsinto accountwe cannow
rewrite the condition8 by usingthe parametersf the
ray. For instance,taking condition z,.(t) < x1(0)
from (8), we can substitutez; (o) by z,(tz1(0,7)),
then,asz, is anincreasingfunction, we obtaint <
tz1(0,7). By usingthe otherinequalitiesin (8) the
sameway, we canstatethatanintersectiorbetweero
andr occursif andonly if existst > 0 suchthat

t:cO (Oa T) S t < twl(ou T) (9)
A tyo(o,7) < t < tyi(o,7)
This equationcan be further simplified by defining
tmin @Ndt,, . fOr anodeo andarayr as
max(tzo(0,7),ty0(0,7))
min(t,1 (o, r),ty1(0,7))

tmin (Oa T) =
tmaz(0,7) =

If at existsobeying (9), thent, ;i <t < timaz. The
inverseimplication also holds, thus equation(9) is
equialentto

tm'in (07 T) < tmaz (07 T) (10)

When above condition is true, all values of ¢

in the intenval [tmin,tmez) are mappedto points
(zr(t),y,(t)) which belongto thenode.If thecondi-
tion is false,nointersectioroccurs.lt is now possible
to outline the proposedparametricalgorithmusedto

traverseaquadtreeFirst,we checkcondition(10) for

therootnode.If this conditionis notsatisfiedhenthe
ray doesnotintersectwith theoctree.But whereit is,

thefour parameterst o, t,0) and(t,1,t,1) needo be
computedor therootnodeby using(4). Themainre-

cursive procedurds subsequentlgxecutedaccepting
anodeasinput parameterandits correspondindour

parametervalues. In caseswherethe nodeis termi-

nal, this nodeis addedto the resultingpiercednodes
list. If it is non-terminalthosechild nodeswhich are
piercedby theray arechecledusing(10) for eachof

them. A recursve call to the proceduréds carriedout

for eachof them.
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Figure2: Sub-nodesrossedvhent,o > tyo
(2D case).
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Figure3: Sub-nodesrossedvhent,q > t,o
(2D case).

Note that, for ary non-terminalnodeo, t¢(0p,7) =

tz0(0,7), andtz1(0g) = tzo(01). Otherchild nodes
behaein asimilarway. Thus,computatiorof theen-
try andexit parametergor eachchild nodeof o is re-
dundantbecausesomeof themcanbe takendirectly
from the parentnode, and the othersare sharedby

severalchild nodes.In fact,therearejust six different



parametergor a child node. Thesearethe four pa-
rameterof the parentplusthefollowing two values:

tem (07 7') = (twO(oa 7') + twl(oa 7‘))/2
tym(0,7) = (tyo(0,7) +tyr(0,r))/2 D)

Heret,.,(o,r) is the value of the ray parameteifor
which the ray crosseghe horizontalline which di-
videsthenodein two equalhalves.A similarequation
holdsfor t,,,. Thiskind of coherenc&anbe usedto
improve the algorithm further by using a sequential
algorithm. The selectionof piercedsub-nodesf a
nodeis carriedoutin two steps:

1. Selectthefirst sub-nodéhit by theray

2. For eachpiercednode,selecthenext one,until
the currentparentnodeis exited.

Assuminga nodegq is crosseddy aray r, andtheray
directioncomponentsrenon negative, thenthe next
implicationshold:

if tmin(q,7) < tmasz(q,r) then
if tym(q) < tzm(q) theraycrosseg., and
if tz0(q) < tym(q) theraycrossesgp.
if tzm(q) < ty1(g) theraycrossegs.
elseif tzm(q) < tym(q) theraycrosseg;, and
if ty0(q) < tem(q) theraycrossesgp.
if tym(q) < tz1(g) theraycrossegs.

Theseassumptionsnay be easilyproved (seefigures2 and
3). Whent,, andt,, arecomputedonly threecompas
isonsare necessaryo determinethe sub-nodeavhich are
crossed.

3 Extending the algorithm to octrees

To extend the above algorithmto traversean octree,we

have into accounthetwo stepspreviously detailed,includ-

ing the third dimensionwhen necessary With respectto

the first step, we introducea nev methodwhich allows

the useof a nine parametesetto computewhich voxel is

piercedfirst. This computationavoids neighbourfinding

to obtainthefirst voxel, asit is the casefor the algorithm
introducedby Glassner[Glass§4and improved in other
papers[Aro88 Samet89Endl94. This yields a simpler
method.Thefollowing sectiondescribehesetwo stepsin

detail. The secondstepis carriedout by usinga parametric
DDA algorithm, as describedby Amanatides[Amanag7
but restrictedto eight voxels (which can be viewed as a

2 x 2 x 2 uniform grid space). The parametevaluesare
computedby successie additions[Amana8]? In our case,
the valuesare incrementallycomputedfrom thoseof the
parentby usingthreeadditionsandthreeshifts.

A recursve top-davn parametrialgorithmcalledHERO is

describedn the paperby Agateet al.[Agate91]. The main

differencewith the proposedalgorithmis in the computa-
tion of the sequencef visited sub-\oxels from the current
voxel (seesection3.2).

3.1 Obtaining the First Crossed\Node

To find the first sub-woxel at which the ray enters
the current voxel, first we obtain the entry face of
the current voxel. This step is made by computing
max(tz0(0), ty0(0),tz0(0)). In table2 we shav the entry
planeselectedor eachcase.Oncethe entryplanehasbeen
determined four sub-nodesare candidates.To determine
thefirst sub-nodecrossedywe examinet om (0), tym (0), and
t.m(0). In table 1 the necessargomparisonsare shavn.
The resultsof evaluatingthis condition (a bit) is copiedto
one of the bits which form the index of the first sub-node
crossed.Whena conditionis true, the bit associateds set
to 1, otherwiseit is setto 0. For eachentry planethere
aretwo conditions,so we have four possibilities,one for
eachsub-noddouchedby thatplane.In thisway, ary node
couldbe selectedvith the exceptionof node7, becauséhe
ray directionvectorcomponentgareassumedo be positive.
The whole processcanbe implementedusingthe OR op-
eratorto combinethe necessarpits. Severalillustrations

Entry Conditionsto Bit
Plane examine affected
XY || tam(0) < t.o0(o

XZ tam(0) < tyo

YZ tym(0) < tzo(o

N =N Of—= O

Table1: Comparisongo obtainthe first node
intersected.

Maximum | Entryplane
tz0 YZ
ty0 XZ
t.0 XY

Table2: Firstplaneintersected.

areshaovn below to explainin greaterdetailthefirst stepfor
a quad-treecase. If the comparisorof ¢.o andt,o results
tzo > tyo thenthefirst edgecrosseds edge 1. For this
case thefirst sub-nodecrossedcanbe g2 or go (Figure2).
However, whenthe abore comparisorresultst,g > tzo0,
thenthefirst edgecrosseds edee 2. In this casethe sub-
nodethatcanbe crosseds eitherq0 or g1 (Figure3).

3.2 Obtaining the Next Node

Once the first sub-nodeof a node has beenfound, the
sequenceof the rest of the traversedsub-nodeamust be
obtained[Amanag7 Sincethe location of the sub-nodes
is fixed, we candesignhan automatonwhosestatescorres-
pondto the voxels andwhosetransitionsare associatedo
themovementsdetweemeighbouringsub-nodesisitedse-
quentiallyby theray. In figure5 all possibletransitionsare
shavn. For a givenray, the sequencef traversednodesor



statesvisited will be establishedso that the followed path
is one of the possibleonesin the beforementionedfigure.
In orderto obtainthe exact pathfollowed by the ray it will
benecessaryo computethefacewheretheray leaveseach
of the visited nodes,which will make it possibleto obtain
the next nodeto be visited. Let o; be the currentvisited
node. The ray canleave this nodethroughthe following
facesY Z, X Z or XY andthisis calculatedby gettingthe
minimumof ¢;1(0;), ty1(0;5),t-1(0;). In figure4 a 2D ex-
ampleof computatiorof theexit edgefor nodeog is shawn.
You canseehow the orderingof ¢,1 andt,: determinethe
exit edge.

77777 // m”aoz 03/
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Figure4: Exit Edge.

Table 3 shavs the next visited nodegiven the currentnode
andthe exit plane. The entrieslabelledwith "End” mean
thattheray leavesnodeo. For example,if thefirst nodeis

Current Exit Exit Exit
sub-node|| plane | plane | plane
(state) Yz Xz XY

0 4 2 1
1 5 3 End
2 6 End 3
3 7 End End
4 End 6 5
5 End 7 End
6 End End 7
7 End End End

Table3: Statetransitions.

01@ @ 111
ROt SNG

00 101
00(@> 100

Figure5: Sub-nodeshatcanbe reachedrom
aninitial node.

0, thenodeghatcanbevisitedare4, 2 and1, dependingn

the exit plane. Fromnodenumber6, nodenumber7 is the
only onethatcanbereachedecausenovementsalongthe
X orY axeswould mearthattherayleavesthepareninode.
Thelongestpathincludesfour nodesandanexampleis the
oneincludingthesub-nodeg0, 1, 3, 7) whichinvolve three
transitions. In eachonewe choosethe minimum of those
threevalues. Thereforetwo comparisonaremadein each
transitionwhich, whenaddedo thefour operationsneeded
to obtainthefirst sub-noderesultsin tencomparisonén the
mostunfavourablecase.

In the HERO algorithmit is necessaryo sorta list of po-
tentially visited sub-voxels andthenexplicitly checkeach
of them for intersection. However our algorithmis sim-
pler becausehis is not necessaryasvisited sub-woxels are
obtainedsequentially Somecomputation@reunnecessary
becausenon-visited sub-\voxels are not consideredat all.
Thusthisyieldsafasterandsimpleralgorithm.

Figure 6: Reflection transformationfor the
generalisation.

3.3 Generalising for Rays Parallel to One Main
Axis

In the casethat d. is zerofor ary e, the direction vector
d of theray is parallelto an octreefaceor evento one of
the main axes. In this case someof the entry andexit pa-
rametersarenot defined becauseheir definitioninvolvesa
division by d.. In our algorithm,we have tried to keepthe
programsimple,avoiding ary specialcasehandling.Sowe
have choserto allow the parameterso take infinite values.
This way the intersectiondbetweena ray and a planemay
occurataninfinite distancerom theorigin of theray. Note
thatin this casethe interval of parametewvaluesat which
theray is in a voxel may be equalto the whole real line.
Any parametet.; with e € {z,y,2} andi € {0,...,7}
cantake realvaluesandalsothe values—oo and+oo. All
operationsnvolving parameteraluesshouldtake this into
accountWesetz /0 = +oo forallz > 0 andz/0 = —c0
forall z < 0. We alsohave —0co < z < oo for all
realvaluesz. With thesedefinitionsit is possibleto obtain
theinitial entry andexit parametersor theroot voxel, and
alsoto compareparameteralues.The computatiorof ¢,
is alsoaffectedby infinite values. Assumingthatd, = 0,
ray r entersary voxel o if andonly if tzo(0,7) = —oc0
andtz1(o,7) = +oo. In this casethevaluet,, cannot
be computedbecausé,o + t;1 is undefined.However, in
theseconditionsit canbe shavn that:

zolo) + x1(0
b our) — { oo (0) + z1(0)

when p, < )

—00 otherwise
(12)



Similar relationscanbe derived for the otheraxes,thuswe
have a methodto obtaint.,, in thesecases.This ensures
that the comparisongield the correctparametetintervals
wheretheray intersectghevoxels(includingthecasewhen
thoseintervalsareequalto thewholerealline), andthevis-
ited voxels are also correct. Somehardware architectures
includeinfinite valuesin the setof allowedrealvalues,and
areproducedafteradivision by zerohastakenplace.

3.4 Generalising for Rays with Negative Dir ec-
tions

As hasbeenpointedout at the beginning, this methodonly

works properlyif the directionvectorof theray hasno ne-
gative components.To solwe this problem, eight different
versionsof the method,one for eachsub-woxel, could be
written andimplemented.However, this solutionhasbeen
avoided becauseof the redundantcodethat would be ne-
cessaryto produce.An examplewherethe ray directionis

only negative for the X axisis now consideredIn this case
theray canbereflectedwith respecto the middle planeof

theoctreeto turnthenegative directioncomponenpositive.

Startingfrom thereflectedray, thevisitednodesmustbere-
labelledandthis way the previous schemas valid. Oneray
with origin p anddirectiond is transformedo otherray p’

andd’ by usingthefollowing relations:

d, = —d,
P = $(q) =D

Theonly differencewill bein thelabellingof thesub-nodes
of anode. In figure 6 it canbe obsered whenthe origi-
nal ray r traversessub-nodesd, 6, 2 of the octreeandthat
thetransformedaytraversesub-nodes$, 2, 6 whichwould
producewrong movementsin the octree. To avoid this, a
function f is neededo transformlabels,sothatwhennode
1 is computedasthe next node,in fact f(4) is accessedln
the example,whered, < 0, theimageby f of the sub-
nodeswould be: (4,5, 6,7,0,1,2,3). Functionf changes
thevalue of the mostsignificantbit of the binary represen-
tation of a nodelabel. In general(ary componentof the
direction can be negative) it is necessaryo changelabel
bitswhenthe directioncomponentorrespondingo thatbit
is negative. This is doneby usinga XOR operationwith
theoriginal labelandanintegervaluelower than8 (3 bits).
Formally, f(i) = i @ a, wherea = 4s; + 2sy + s, and
wheres,. is 1 if d. < 0, and0 in othercase(for eachaxis

e).

(13)

4 Parametric Algorithm Pseudocode

A pseudocodef the algorithmwill now be shavn, where
recursionis usedfor easeof understandingalthoughthis
may be avoided by implementingan iterative algorithm
with a stack. We consideran octreeas a data structure
that containsa pointer to the root node whose type is
node It alsocontainsits dimensionscalled (xmin, xmax,
ymin, ymax, zmin, zmax) and its size called sizej where
1 € {X,Y, Z}. Eachnon-terminalnodehaseightpointers
pointing to its eight children. Functionfirst_node im-
plementstables1 and 2, suchasdescribedn section3.1.
Functionnew_node implementstable3. This function ac-
ceptsthreefloat values,andthreeint valuesasparam-
eters. The function returnsthe i-th integer wherethe i-th

float valueis the minimum of the threefloat values. Func-
tion proc_terminal is usedto performary computation
requiredwhen a terminal nodeis reachedby the ray. Its
parameteris a pointerto thatnode.

unsigned char a ;

void ray_parameter ( octree *oct, ray r )
{ a=0;
if (r.dx<0.0)
{ r.ox = oct->sizeX-r.ox ;
r.dx = -r.dx ;
al=4;

if (r.dy<0.0)
{ r.oy = oct->sizeY-r.oy ;
r.dy = -r.dy ;
al=2;
3
if (r.dz<0.0)
{ r.oz = oct-d>sizeZ-r.oz ;
r.dz = -r.dz ;
al=1;
}
+x0
txi
tyo0

(oct->xmin - r.ox)/r.dx ;
(oct->xmax - r.ox)/r.dx ;
(oct->ymin - r.oy)/r.dy
tyl = (oct->ymax - r.oy)/r.dy
%20 = (oct->zmin - r.oz)/r.dz
tz1 = (oct->zmax - r.oz)/r.dz

if (Max (tx0,ty0,tz0) < Min (tx1,tyl,tz1))
proc_subtree (tx0,ty0,tz0, tx1,tyl,tzl, oct-droot) ;
3

void proc_subtree ( real tx0, real ty0, real tz0,
real tx1, real tyl, real tzi,
node *n )
{ real txm, tym, tzm ;
int currNode ;

if (tx1<0.0 || ty1<0.0 || tz1<0.0)
return ;

if (n->type == TERMINAL)
{ proc_terminal (n) ;
return ;

}

txm = 0.5%(tx0+tx1) ;
tym = 0.5*%(ty0+ty1) ;
tzm = 0.5%(tz0+tz1) ;

currNode= first_node ( tx0, ty0, tz0, txm, tym, tzm ) ;
do
{ switch (currNode)
{ 0 : proc_subtree ( tx0, ty0, tz0, txm, tym, tzm, n->son[a] ) ;
currNode = new_node ( txm, 4, tym, 2, tzm, 1) ;
break ;
1 : proc_subtree ( tx0, ty0, tzm, txm, tym, tzi, n->son[1-al ) ;
currNode = new_node ( txm, 5, tym, 3, tzil, 8 ) ;
break ;
2 : proc_subtree ( tx0, tym, tzO, txm, tyl, tzm, n->son[2al ) ;
currNode = new_node ( txm, 6, tyi, 8, tzm, 3 ) ;
break ;
3 : proc_subtree ( tx0, tym, tzm, txm, tyl, tzl, n->son[3"al
currNode = new_node ( txm, 7, tyi, 8, tzl, 8 ) ;
break ;
4 : proc_subtree ( txm, ty0, tz0, txi, tym, tzm, n->son[4"a]
currNode = new_node ( tx1i, 8, tym, 6, tzm, 5 ) ;
break ;
5§ : proc_subtree ( txm, ty0, tzm, txl, tym, tzl, n->son[5"a]
currNode = new_node ( txi, 8, tym, 7, tzi, 8 ) ;
break ;
6 : proc_subtree ( txm, tym, tz0, txi, tyl, tzm, n->son[6"a]
currNode = new_node ( tx1, 8, tyi, 8, tzm, 7 ) ;
break ;
7 : proc_subtree ( txm, tym, tzm, txi, tyl, tzi, n->son[7"a]
currNode = 8 ;

break ;
3
} while (currNode<8) ;

5 Results

The proposednethodwasimplementedn arenderingsys-
temwritten in C++, which alreadyincludedseveral accel-
erationtechniquedbasen octreesandawide rangeof al-
gorithmsfor octreetraversal. Time comparisonsveremade
for thesealgorithms.

The comparisonswvere carried out on a Silicon Graphics
Indigo 2 with a MIPS R4000 processorand 64MB of
RAM. Three different sceneswere used: the first is a
sphereflake with 1890 objects (seefigure 10), the sec-
ond is a structure, composedof spheresand cylinders,
with 4320 objects (see figure 11), and the third a pa-
tio with 4350 objects(seefigure 12). Spacesubdvision
hasbeenappliedto thesesceneaising octreeswith maxi-
mum depthlevels 5, 6, 7 and 8. The traversalalgorithms
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usedto comparethe performancesvith our methodwere:

Samet[Samet§qSam) SametCorner[EndIJ4(SamCland
SametNet[EndI94 (SamN)as bottom-upalgorithms, and
Gargantini[Garga93 (Gar) astop-davn algorithm. The

time comparison@replottedin figures7, 8, and9. Samet-
Net method requiresmuch memaory becausepointers to

neighbounvoxels mustbe keptwithin eachvoxel (they are
requiredfor the neighbourfinding process). So, a higher
renderingtime is obtainedafterincreasinghe octreedepth
level dueto swaptime. In summarywe canseethattheGar

gantinimethodpresentbetterresultshantheotherbottom-
up methodsshawvn. In Gamgantini's paper we may seea
comparisorwith Samets method.Theimprovementof the
first oneis shawn in termsof executiontime andarun-time
analysis.
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Figure9: Timing graphfor Patio.

Figurel11: Architecture.

5.1 Comparisonwith the Binary TreeStructure

To studytheefficiengy of ourmethod[Sung92, acompari-
sonwith the Kelvin Sungmethodhasbeendone. We have

obtainedtwo imagesfrom the samescene. The rendering
systemwas the samein both cases. One of theseimages
wasrenderedusingan octreestructure andthe otherusing
abinarytree. The scenes shavn in Figure14. This scene
hasoneobjectperleafnode. Thenumberof spheress 237,

We ranthreetestssettingn to 3, 4, and5. Thetotal num-
ber of sphereswvas 512, 4096, and32768. The cputime

emplo/ed whenusingthe octreeswas 10.4%, 12.7% and
6.8% lower thanthetime for thebinarytrees.

Theseresultsshawvs that octreesare moreefficient thanbi-

Figure12: Patio.



nary treeswhenthe treeis full or nearly full, dueto the
numberof necessarylescentdo reachoneterminalnode.
In anoctree thenumberof recursve callsto themainfunc-
tion is lower, meanwhilethe restof computationsare ba-
sically equivalent (asit wasestablishedy Reinhardet al.
[Reinh94).

Octree Binary Tree

Figurel3: BintreeandOctreeequialentstruc-
tures(depthlevel for octreeis 1, and3 for bin-
tree).

Figure14: 3D arrayof spheres.

6 Conclusions

Therecursvetop-davn algorithmwhich hasbeenpresented
improves the performanceof existing ones, as the time
graphsshaw. It minimizesthe numberof operationsbe-
causehey arecarriedoutin atop-davn recursve style,and
usingateachstagetheresultsof thepreviousstage Besides
efficiengy, it is alsodesirablefor ary methodto be easyto
read,comprehendgndimplementinto a renderingsystem.
This methodis very easyto understandndto incorporate
into suchsystemsecausef its simplicity, whencompared
to otherreferencedhlgorithms.
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