LAMPIRAN A: Kode Program Metode OBB

/Il given two boxes (p1,R1,sidel) and (p2,R2,side2), collide them together
/land

/I generate contact points. this returns 0 if there is no contact otherwise

/I it returns the number of contacts generated.

// "normal’ returns the contact normal.

I/ "depth’ returns the maximum penetration depth along that normal.

/Il “return_code' returns a number indicating the type of contact that was
/I detected:

Il 1,2,3 = box 2 intersects with a face of box 1

I 4,5,6 = box 1 intersects with a face of box 2

Il 7..15 = edge-edge contact

/l "maxc' is the maximum number of contacts allowed to be generated, i.e.
/I the size of the “contact' array.

// "contact’ and “skip' are the contact array information provided to the

/I collision functions. this function only fills in the position and depth

// fields.

int dBoxBox (const dVector3 pl, const dMatrix3 R1,
const dVector3 sidel, const dVector3 p2,
const dMatrix3 R2, const dVector3 side2,
dVector3 normal, dReal *depth, int *return_code,
int flags, dContactGeom *contact, int skip)

const dReal fudge_factor = REAL(1.05);

dVector3 p,pp,normalC={0,0,0};

const dReal *normalR = 0;

dReal A[3],B[3],R11,R12,R13,R21,R22,R23,R31,R32,R33,
Q11,Q012,Q013,Q021,Q22,Q23,Q031,Q032,Q33,s,s2,l,exprl_val;

int i,j,invert_normal,code;

/I get vector from centers of box 1 to box 2, relative to box 1

p[0] = p2[0] - p1[O];

p[1] = p2[1] - p1[1];

p[2] = p2[2] - p1[2];

dMultiplyl 331 (pp,R1,p); /I get pp = p relative to body 1

Il get side lengths / 2

A[0] = side1[0]*REAL(0.5);
A[1] = side1[1]*REAL(0.5);
A[2] = side1[2]*REAL(0.5);
B[O] = side2[0]*REAL(0.5);
B[1] = side2[1]*REAL(0.5);
B[2] = side2[2]*REAL(0.5);
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/Il Rij is R1*R2, i.e. the relative rotation between R1 and R2

R11 = dCalcVectorDot3_44(R1+0,R2+0); R12 =
dCalcVectorDot3 44(R1+0,R2+1); R13 =
dCalcVectorDot3_44(R1+0,R2+2);

R21 = dCalcVectorDot3_44(R1+1,R2+0); R22 =
dCalcVectorDot3 44(R1+1,R2+1); R23 =
dCalcVectorDot3 44(R1+1,R2+2);

R31 = dCalcVectorDot3_44(R1+2,R2+0); R32 =
dCalcVectorDot3 44(R1+2,R2+1); R33 =
dCalcVectorDot3_44(R1+2,R2+2);

Q11 = dFabs(R11); Q12 = dFabs(R12); Q13 = dFabs(R13);
Q21 = dFabs(R21); Q22 = dFabs(R22); Q23 = dFabs(R23);
Q31 = dFabs(R31); Q32 = dFabs(R32); Q33 = dFabs(R33);

/ for all 15 possible separating axes:

/I * see if the axis separates the boxes. if so, return O.

/I *find the depth of the penetration along the separating axis (s2)

/I *if this is the largest depth so far, record it.

/Il the normal vector will be set to the separating axis with the smallest
/I depth. note: normalR is set to point to a column of R1 or R2 if that is
/l the smallest depth normal so far. otherwise normalR is 0 and

/ normalC is

/] set to a vector relative to body 1. invert_normal is 1 if the sign of

// the normal should be flipped.

do {
#define TST(exprl,expr2,norm,cc) \
exprl_val = (exprl); /* Avoid duplicate evaluation of exprl */\
s2 = dFabs(exprl_val) - (expr2); \
if (s2 > 0) return 0; \
if (s2 >5s) {\
s=s2;\
normalR = norm; \
invert_normal = ((exprl_val) < 0); \
code = (cc); \
if (flags & CONTACTS_UNIMPORTANT) break; \
}

s = -dInfinity;
invert_normal = 0;
code = 0;

/] separating axis = ul,u2,u3

TST (pp[0],(A[0] + B[0]*Q11 + B[1]*Q12 + B[2]*Q13),R1+0,1);
TST (pp[1],(A[1] + B[0]*Q21 + B[1]*Q22 + B[2]*Q23),R1+1,2);
TST (pp[2],(A[2] + B[0]*Q31 + B[1]*Q32 + B[2]*Q33),R1+2,3);
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/l separating axis = v1,v2,v3

TST (dCalcVectorDot3_41(R2+0,p),(A[0]*Q11 + A[1]*Q21 + A[2]*Q31 +
B[0]),R2+0,4);

TST (dCalcVectorDot3_41(R2+1,p),(A[0]*Q12 + A[1]*Q22 + A[2]*Q32 +
B[1]),R2+1,5);

TST (dCalcVectorDot3_41(R2+2,p),(A[0]*Q13 + A[1]*Q23 + A[2]*Q33 +
B[2]),R2+2,6);

/I note: cross product axes need to be scaled when s is computed.
/ normal (n1,n2,n3) is relative to box 1.
#undef TST
#define TST(exprl,expr2,n1,n2,n3,cc) \
exprl_val = (exprl); /* Avoid duplicate evaluation of exprl */\
s2 = dFabs(exprl_val) - (expr2); \
if (s2 > 0) return 0; \
| = dSqrt ((n1)*(n1) + (n2)*(n2) + (n3)*(n3)); \
if (1>0){\
s2/=1;\
if (s2*fudge_factor > s) {\
s=s2;\
normalR = 0; \
normalC[0] = (n1)/I; normalC[1] = (n2)/l; normalC[2] = (n3)/I; \
invert_normal = ((exprl_val) < 0);\
code = (cc); \
if (flags & CONTACTS_UNIMPORTANT) break; \
ja
}

/' We only need to check 3 edges per box

/I since parallel edges are equivalent.

Il separating axis = ul x (v1,v2,v3)

TST(pp[2]*R21-pp[1]*R31,(A[1]*Q31+A[2]*Q21+B[1]*Q13+B[2]*Q12),0,-
R31,R21,7);

TST(pp[2]*R22-pp[1]*R32,(A[1]*Q32+A[2]*Q22+B[0]*Q13+B[2]*Q11),0,-
R32,R22,8);

TST(pp[2]*R23-pp[1]*R33,(A[1]*Q33+A[2]*Q23+B[0]*Q12+B[1]*Q11),0,-
R33,R23,9);

/] separating axis = u2 x (v1,v2,v3)

TST(pp[0]*R31-
pp[2]*R11,(A[0]*Q31+A[2]*Q11+B[1]*Q23+B[2]*Q22),R31,0,-R11,10);

TST(pp[0]*R32-
pp[2]*R12,(A[0]*Q32+A[2]*Q12+B[0]*Q23+B[2]*Q21),R32,0,-R12,11);

TST(pp[0]*R33-
pp[2]*R13,(A[0]*Q33+A[2]*Q13+B[0]*Q22+B[1]*Q21),R33,0,-R13,12);
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Il separating axis = u3 x (v1,v2,v3)

TST(pp[1]*R11-pp[0]*R21,(A[0]*Q21+A[1]*Q11+B[1]*Q33+B[2]*Q32),-

R21,R11,0,13);

TST(pp[1]*R12-pp[0]*R22,(A[0]*Q22+A[1]*Q12+B[0]*Q33+B[2]*Q31),-

R22,R12,0,14);

TST(pp[L]*R13-pp[0]*R23,(A[0]*Q23+A[1]*Q13+B[0]*Q32+B[1]*Q31),-

R23,R13,0,15);
#undef TST
} while (0);

if ('code) return O;

/I if we get to this point, the boxes interpenetrate. compute the normal
/l'in global coordinates.
if (normalR) {
normal[0] = normalR[0];
normal[1] = normalR[4];
normal[2] = normalR[8];
}
else {
dMultiply0_331 (normal,R1,normalC);
}
if (invert_normal) {
normal[0] = -normal[0];
normal[1] = -normal[1];
normal[2] = -normal[2];
}
*depth = -s;

/I compute contact point(s)

if (code > 6) {
/I An edge from box 1 touches an edge from box 2.
/ find a point pa on the intersecting edge of box 1
dVector3 pa;
dReal sign;
/[ Copy p1l into pa
for (i=0; i<3; i++) pali] = p1][i]; // why no memcpy?
/I Get world position of p2 into pa
for (j=0; j<3; j++) {

sign = (dCalcVectorDot3_14(normal,R1+j) > 0) ? REAL(1.0) : REAL(-

1.0);
for (i=0; i<3; i++) pa[i] += sign * A[j] * R1[i*4+]];
}

// find a point pb on the intersecting edge of box 2
dVector3 pb;
/I Copy p2 into pb
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for (i=0; i<3; i++) pb[i] = p2[i]; // why no memcpy?
/I Get world position of p2 into pb
for (j=0; j<3; j++) {
sign = (dCalcVectorDot3_14(normal,R2+j) > 0) ? REAL(-1.0) :
REAL(1.0);
for (i=0; i<3; i++) pb[i] += sign * B[j] * R2[i*4+]];
}

dReal alpha,beta;

dVector3 ua,ub;

/I Get direction of first edge

for (i=0; i<3; i++) ua[i] = R1[((code)-7)/3 + i*4];

/I Get direction of second edge

for (i=0; i<3; i++) ub[i] = R2[((code)-7)%3 + i*4];

/I Get closest points between edges (one at each)
dLineClosestApproach (pa,ua,pb,ub,&alpha,&beta);

for (i=0; i<3; i++) pa[i] += uali]*alpha;

for (i=0; i<3; i++) pb[i] += ub[i]*beta;

/I Set the contact point as halfway between the 2 closest points
for (i=0; i<3; i++) contact[0].pos[i] = REAL(0.5)*(pa[i]+pbli]);
contact[0].depth = *depth;

*return_code = code;

return 1,

}

/I okay, we have a face-something intersection (because the separating
/[ axis is perpendicular to a face). define face 'a’' to be the reference
/I face (i.e. the normal vector is perpendicular to this) and face 'b' to be
/Il the incident face (the closest face of the other box).
/l Note: Unmodified parameter values are being used here
const dReal *Ra,*Rb,*pa,*pb,*Sa,*Sb;
if (code <= 3) {// One of the faces of box 1 is the reference face
Ra = R1; // Rotation of 'a’
Rb = R2; // Rotation of 'b’
pa = p1; // Center (location) of 'a’
pb = p2; // Center (location) of 'b’
Sa = A; /] Side Lenght of 'a’
Sb = B; // Side Lenght of 'b’
}
else { // One of the faces of box 2 is the reference face
Ra = R2; // Rotation of 'a’
Rb = R1; // Rotation of 'b’
pa = p2; // Center (location) of 'a’
pb = p1; // Center (location) of 'b’
Sa = B; // Side Lenght of 'a’
Sb = A; // Side Lenght of 'b’
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/I nr = normal vector of reference face dotted with axes of incident box.
/[ anr = absolute values of nr.
/*
The normal is flipped if necessary so it always points outward from
box 'a’,
box 'b' is thus always the incident box
*/
dVector3 normal2,nr,anr;
if (code <= 3) {
normal2[0] = normal[O0];
normal2[1] = normal[1];
normal2[2] = normal[2];

}

else {
normal2[0] = -normal[0];
normal2[1] = -normal[1];
normal2[2] = -normal[2];

}

// Rotate normal2 in incident box opposite direction
dMultiplyl_331 (nr,Rb,normal2);

anr[0] = dFabs (nr[0]);

anr[1] = dFabs (nr[1]);

anr[2] = dFabs (nr[2]);

/I find the largest compontent of anr: this corresponds to the normal
/I for the incident face. the other axis numbers of the incident face
/[ are stored in al,a2.
int lanr,al,a2;
if (anr[1] > anr[0]) {
if (anr[1] > anr[2]) {
al=0;
lanr = 1;
a2 =2,
}
else {
al=0;
a2 =1,
lanr = 2;
}
}

else {

if (anr[0] > anr[2]) {
lanr = 0;
al=1,
a2 =2,

}

else {
al =0;
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a2 =1,
lanr = 2;
}
}

/I compute center point of incident face, in reference-face coordinates
dVector3 center;
if (nrlanr] < 0) {
for (i=0; i<3; i++) center[i] = pb[i] - pa[i] + Sb[lanr] * Rb[i*4+lanr];
}
else {
for (i=0; i<3; i++) center[i] = pbli] - pa[i] - Sb[lanr] * Rb[i*4+lanr];
}

/I find the normal and non-normal axis humbers of the reference box
int codeN,codel,code2;

if (code <= 3) codeN = code-1; else codeN = code-4;

if (codeN==0) {

codel =1;
code2 = 2;

}

else if (codeN==1) {
codel =0;
code2 = 2;

}

else {
codel =0;
code2 =1,

}

/I find the four corners of the incident face, in reference-face coordinates
dReal quad[8]; I/ 2D coordinate of incident face (x,y pairs)
dReal c1,c2,m11,m12,m21,m22;
cl = dCalcVectorDot3 14 (center,Ra+codel);
c2 = dCalcVectorDot3 14 (center,Ra+code?2);
/I optimize this? - we have already computed this data above, but it is not
// stored in an easy-to-index format. for now it's quicker just to recompute
/Il the four dot products.
m11l = dCalcVectorDot3_44 (Ra+codel,Rb+al);
m12 = dCalcVectorDot3_44 (Ra+codel,Rb+a2);
m21 = dCalcVectorDot3_44 (Ra+code2,Rb+al);
m22 = dCalcVectorDot3_44 (Ra+code2,Rb+a2);
{
dReal k1 = m11*Sb[al];
dReal k2 = m21*Sb[al];
dReal k3 = m12*Sbh[a2];
dReal k4 = m22*Sb[aZ2];
quad[0] = c1 - k1 - k3;
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quad[1l] = c2 - k2 - k4;

quad[2] = cl - k1 + k3;
quad[3] =c2 - k2 + k4;
quad[4] = c1 + k1 + Kk3;
quad[5] = c2 + k2 + k4;
quad[6] = c1 + k1 - k3;
quad[7] = c2 + k2 - k4;

}

/l find the size of the reference face
dReal rect[2];

rect[0] = Sa[codel];

rect[1] = Sa[code2];

/Il intersect the incident and reference faces

dReal ret[16];

int n = intersectRectQuad (rect,quad,ret);

if (n <1) return O; /I this should never happen

/I convert the intersection points into reference-face coordinates,

/[ and compute the contact position and depth for each point. only keep
/Il those points that have a positive (penetrating) depth. delete points in
/l the 'ret’ array as necessary so that 'point’ and 'ret' correspond.

dReal point[3*8]; /I penetrating contact points

dReal dep[8]; /I depths for those points

dReal detl = dRecip(m11*m22 - m12*m21);

mll *= detl;

ml12 *= detl;

m21 *= detl;

m22 *= detl;

int cnum = 0; /l number of penetrating contact points

found

for (j=0; j < n; j++) {
dReal k1 = m22*(ret[j*2]-c1) - m12*(ret[j*2+1]-c2);
dReal k2 = -m21*(ret[j*2]-c1) + m11*(ret[j*2+1]-c2);
for (i=0; i<3; i++) pointfcnum*3+i] =
center[i] + k1*Rb[i*4+al] + k2*Rb[i*4+a2];

dep[cnum] = Sa[codeN] - dCalcVectorDot3(normal2,point+cnum*3);
if (dep[cnum] >=0) {

retfcnum*2] = ret[j*2];

retfcnum*2+1] = ret[j*2+1];

cnum-++;

if ((cnum | CONTACTS_UNIMPORTANT) == (flags &

(NUMC_MASK | CONTACTS_UNIMPORTANT))) {

break;

}
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if (cnum < 1) {
return O;  // this should not happen, yet does at times
(demo_plane2d single precision).

}

I/l we can't generate more contacts than we actually have

int maxc = flags & NUMC_MASK;

if (maxc > cnum) maxc = cnum;

if (maxc < 1) maxc =1; // Even though max count must not be zero this
check is kept for backward compatibility as this is a public function

if (cnum <= maxc) {
/I we have less contacts than we need, so we use them all
for (j=0; j < cnum; j++) {
dContactGeom *con = CONTACT(contact,skip*));
for (i=0; i<3; i++) con->posJi] = point[j*3+i] + pali];
con->depth = dep[j];
}
}

else {
dIASSERT(!(flags & CONTACTS_UNIMPORTANT));
// cnum should be // generated not greater than maxc so that "then"
/lclause is executed
/l we have more contacts than are wanted, some of them must be culled.
/I find the deepest point, it is always the first contact.
intil =0;
dReal maxdepth = deplO0];
for (i=1; i<cnum; i++) {
if (depl[i] > maxdepth) {
maxdepth = depli];
i1=1i
}
}

int iret[8];
cullPoints (cnum,ret,maxc,il,iret);

for (j=0; j < maxc; j++) {
dContactGeom *con = CONTACT(contact,skip*));
for (i=0; i<3; i++) con->pos]i] = point[iret[j]*3+i] + pali];
con->depth = depliret[j]];

}

cnum = maxc;

}

*return_code = code;
return cnum;

}
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ABSTRACT

Axis Alizned Bounding Box (AABB) is the sunple method
for object collision detection, burt it has limdtation in detection
process. In decades, some berrer methods have besn gensrated
such a5 Oriented Bownding Box (OBEB) and HPCCD.
Unformunztaly, thess methods are not used in DVE. This paper
aims o analyze why mest DVEs still use AABB in detecting
ohjects collision in the enviromment This research begins
with developmg the suitable DVE. The DVE should make
many users collaborate with each other, and it has physics
activities such as gravity pole, meowvemsnt, etc. Each user is
able to create objects and they should be visible to othar users.
To detect the object colliston, AABE iz implemented m the
DVE. Further, to analyze the collision dstection process and
the performance of DVE, there are rwo parameters used, ie.
nntime znd frame rate of simuladon application. The
experiment results show that adding the compuraton
workload into AABE on DVE increases the mntime
significantly compared with regnlar application The lack of
performance 15 also shown by the zpplicaton frame rates in
which stnctly decrease so that the DVE performance
degradas.

General Terms
Dismibured Virrual Environment, Dismibured Simalaton

Keywords
AABE, Collision detection, Dismibuted Virtual Exvironment

1. INTRODUCTION

Virmezl Epvironment (VE) is enviromment that imitates the
real environment and makes user feel as residing m the resl
world. Some actvides apd simaton in this enviromment
should meet the real environmen: requitements. As the VE
involves some users locatng in different places geomemrically,
it 15 known as Diswibuted Virtwal Eavirowment (DVE).
Currently, DVE has been nsed widely in many applicarions
such as raining. education, games, social comunmnities, efc.
Even DVE has been usad as a8 powerful tool for autism
children fraining [1].

An aspect in 2 real world influencing VE is 2 consmaint thar
two objects are nof able o occupy the same point n A space at
the same time. Geperally, object representation in VE does
not allow penstration berwesn objects. Therefors, o develop a
simmlation enviromment thar represent a real world this
constraint should be sansfied. One of important tasks is w
deterr collision among objects. Celliston detection s a
mechanism that is akle to detect when and where the objects
will cellide [2].
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Collizion detection can be classified into mwvo categores, ie
discrete and contnue. Discrete collision detection is a method
that just detects the collision at a certain time, for instance at
ame f Its consequence is that this method musses many
collizion detectons berween two consecutve confizuratons.
It is called mnneling problem. Discrete collision detecton
doss wor require miany compurations o that the process is
faster.

Continue  collision detecdon can address the monsling
problem becanse it uses mterpelation algorithm to examine
the collision in a contiome movement. It yields accurate
solution for collision detecton. Unformmatsly, this method iz
slower than discrete method [3]. One of approaches nsed m
contiuue collision detection is bounding volume that can be
done by using box, sphere. atc. Axiz Alipned Bounding Box
(AABRE) [4] is a method mcludad in dhis caregory.

Because of its relisbility in detecton process, continns
collizion detecion methods have besn used by many
researches to invent the new faster method. [5] hawve nsed
linear interpolzdon bemween model vamices and computad tha
first time of collizion occurred basad on hierarchy selection as
weall as done basic testing benween fmangle pairs [6].

Anpther approach that has been msed o accelerare the
contiuue collision detection is using parzllal computation [7].
It is inspirad by the capsbiliny improvement of current
processor/CPL that uses muld cores. [8] have yielded parallel
collizion detection algertthm which mn parallel o compurers
with eight cores CPLJ and on 14 cores. Each computer gives
collision detaction speed of Tx and 13x faster, respectively.

Besides usmmg multi processors, scceleration of collision
detection speed has besn done by using some Graphics
Processing Unit (GPU). In conmast to the CPU, GRU
processors are very smitable for parallel computation It is
canzed by the mumber of GPU cores is greater thap CPU
cores, and GPU has more bandwidrh than CPUT[9-12].

Because bandwidih of both CPU and GPU is resmicted, it iz
required to integrate CPU and GPU in order to compute the
collision detection smong objects. [13] have used four cores
CPU and owo GPU. The results show that acceleration can be
achieved from $0%: to 80% compared with using just CPU for
the same rast modal.

Unfortunately, the improvement in these researches is not
followed by the fmplementation of the resulted methods mro
DVE. DVE iz still using simple method w do the collision
datection smong objects such as messuring distance berween
objects [14], and AAEE. It affects the DVEs generstad by
developers in which they give inaccurate collision detaction in
their environmsnt.
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Abstract—This paper amms to implement the Oriented
Boundmg Box (OBB) m Distnibuted Virtual
Environment. Tlis method 15 used to do the collision
detection between objects. Colliston detection 15 one of
mmportant aspects m three-dimensional (3D) applications.
Currently, most DVEs only use simple methods 1n objects
collision detection. It mfluences the accuracy of DVE
itself.

This research begmns with developing the suitable DVE.
It should make many users collaborate with each other.
The DVE should also meet the real world requirements.
such as gravity pole and object movements. To detect the
collision between objects, this research uses OBB. There
are two scenarios used in the experiment: using OBB in
common DVE, and using it i object-based sumulators
architecture as an mmprovement of this research. Further,
runtime and frame rates of application are two
parameters used to evaluate the performance of DVE.

The experiment results show that the second scenario
has ligher performance than the first one erther in
runtime or frame rates of application.

Keywords—Colliston detection, OBB. Distnibuted
Virtual environment.

I INTRODUCTION

IRTUAL environment (VE) mutates the real
‘environment so that it should meet the real world
requirements such gravity pole. kinetics, etc. As VE 1s
used by many users who are geographically distributed, it
15 known as Distributed Virtual Environment (DVE).

DVE has been used in many applications such as
education, traming, games, etc. Even, DVE 1s used as a
powerful training tool for autism chaldren [1].
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An aspect in a real world influencing VE is a constramnt
that two objects are not able to occupy the same point in
a space at the same time. Generally, object representation
m VE does not allow penetration between objects.
Therefore, to develop a smmlation environment that
represent a real world this constramt should be satisfied.
One of mmportant tasks 15 to detect collision among
objects. Collision detection 15 a mechamsm that 1s able to
detect when and where the objects will collide [2].

Collision detection can be classified mto fwo
categories, 1.e. discrete and continue. Discrete collision
detection 15 a method that just detects the collision at a
certam tune, for mstance at tune 7. Its consequence s this
method misses many collision detections between two
consecutive configurations. It 1s called tunneling problem.
Discrete collision detection does not require many
computations so that the process is faster.

Continue collision detection can address the tunneling
problem because 1t uses nterpolation algorithm to
examune the collision m a contimue movement. It vields
accurate solution for collision detection. Unfortunately,
this method 15 slower than discrete method [3]. One of
approaches used m contime collision detection 1s
bounding volume that can be done by using box, sphere,
etc. Axis Aligned Bounding Box [4] and Orented
Bounding Box (OBB) [5] are two methods mcluded in
this category.

Actually, many researchers have vielded better methods
m collision detection. These methods contain enhanced
algorithm to provide more accurately methods [6],[7].
Besides that, several methods have been generated that
can be implemented by using multi-processor (CPU) [8],
Graphics Processing Unit (GPU) [9], or hybrid of them
[10].

Unfortunately, those enhanced methods are not
mplemented m DVE. Most DVEs only use simple
method for collision detection such as AABB.
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