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ABSTRACT

In this development project, we have studied on the design and developﬁent of a
multimedia computer game by using a VR device (data glove). Raw data of hand gesture is
collected by device to classify a player hand pattern: hammer, paper or scissors within game’s
rule, the goal is to integrate all information above for implementing the virtual reality application
in the computer graphic system and forcing to the interaction between the application and the
players. In this project, we used IrisGL (Iris Graphic Library) to create graphic object and

Virtual Hand Library to communicate with a data glove device.
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short vert1[ 3] = {200, 200, 0}; /* lower left corner */
long vert2[ 2] = {200, 400}; /* upper left corner */
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float vert3[ 2] = {400.0, 400.0};  /* upper right corner */
double vertd[ 3] = {400.0, 200.0, 0.0}; /* lower right corner */
main()
{

prefsize(400, 400);

winopen("greensquare2");

color(WHITE);

clear();

color(GREEN);

bgnline();

v3s(vertl); v2i(vert2);

v2f(vert3); v3d(vertd); v3s(vertl);

endline();

sleep(10);

gexit();

return 0;

A o 1Y Y a o dy o ;g
deviimsdszuranaszdlumsadranhauenndinfuduuagiinmsnaduay
4 A aa s 4 W ° VAo Ay ) o a o=
dhugdamdsudidenieilzdimsssyduniaidandesns Pineutaziinisse10Tuniing
p9n910 11/5un3Y
Tumsadnginsddndneuszifanamssuganasyua q adeuuiuginss
1 3 1 ]
undaminsaadianndidaiugnusunsnadagussnavezssydmfidlugasuves
* v ] 3 ¥
TnuamsEudumsaazimuaimddlinalsnauihiinsmuduiuiainguazevaday
L d )
msfimuadugaruaumsainIndneu dmfumstodwmisssaansoihmsnioudnely
urrsuresiianassruumuia lasms ldgamdsmandoudoluuny X Nvumuun
[ o aa [ H o 4 v
unuueu unu Z sziluuuaunudndnyuz3da uazuny Y iuiuademiniuuny X aaudas

¥
o é o QU
UAHITAININWINULASHY



22
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#include <gl/gl.h>
main()
{

prefsize(400, 400);

winopen("rasterchars");

color(BLACK);

clear();

color(RED);

cmov2i(50, 80);

charstr("The first line is drawn ");

charstr("in two parts. ");

cmov2i(50, 80 - 14);

charstr("This line is 14 pixels lower, ");

sleep(10);

gexit();

return O;
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#include <stdio.h>

#include <gl/gl.h>

short whitevec[RGB] = {255, 255, 255};
short blackvec[RGB] = {0, 0, 0};

main().{
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char str[20];

if (getgdesc(GD_BITS_ NORM_SNG_RED)==0) {
fprintf(stderr, "Single buffered RGB not available on this machine\n");
return 1; }

winopen("rgbdemo");

RGBmode();

geonfig();

c3s(blackvec);

clear();

c3s(whitevec);

sprintf(str, "value color white in RGB =", whitevec[RGB] );
charstr(str);

sleep(10);

gexit();

return 0; }
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Location Red Green Blug Color
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hand = vt hand get() /*recelve status

hand */ x
for (fing = 0; fng < Ao fng++) %
for(joint = 0; joint < 4; joint++)

printf(\nfinger %d joint %d = %f, fi ng,Jomt i
~=hand->Jomt angle[ fing][ joint]); : ,g
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static float handflat[5][4]={
{-0.568140,-0.009880,-0.057080,-0.321440},
{-0.153700,-0.219660,-0.218370,0.084412},

{0.067120,-0.133040,-0.224380,-0.027838},
{0.256900,-0. 201360 -0.283770,-0.027838},
{0. 16907 x0?070280 0 113850 -0. 051678}}
static ﬂoat vhand[5][4] it ,
§ 4 { -1 336800 -0 622440 -0. 713500 -O 156800}

,820 -0. 422870 2, 037922}
1.946480, 0. 1261200 317038}

” statlc ﬂoat Kumhan [5][4] o 58
' : {1~osasoo -o'._ 9200, 1198680 -0.270480}‘;5
(:0.645540,-1.469170,0.649690,0.166437).

' £1:0.620180,+11696480,0.578210,0,026633),
W (:0:293600,-1:862560. 0. 693660 -0.112313),"
s -0.568690,-2.248960.-0. 393300, 0. 243433}}
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‘hand = vt_hand_get();
for (i=0;i <5 i++)
for(j=0;j < 4; j+#) i
{ ﬂattembh’énd[i][j]ihandflat[i][j]; vtemphan‘d[i‘]ﬁ]=yha,_h"d["i][j]:

kumtemphand[i][j]*-ku‘mhanva['i][j]; } k 5%
for (fing = 0; fing < 5, fing:+-+)

for(joint = 0; joint < 4; joint++)

di ,
If (:f"a“bsi(ﬂattemtﬁ)héhdtﬁng]ﬁbiht])i(ha nd->jbiﬁLan gl ?l‘:\fi:\r‘.g]“@int}))S’O.ZO(}Q)
 feount=fcount+1; ' : \ ol :
if (fabs’((vtem‘phand[ﬁng][jofhtj)-(hand-'>joinft£;af\njgie[ﬁng][joint}))<0,21023)
vcour’mtzvcount+1f; ' i S
if (fabs((kumtemphand[ﬁng][joint])-(hand-,‘>joim_ang[e[ﬁngl[‘-ow])) <0.2832)
kcount=kcouﬁt‘?};~'}i; Sy i
1}
if (((fcount-vcount)>=3)) { win=1; } * easa fthand #

else if (((vcount-fcount)>=3)&&((vcount-kcount)>=3) ) { win=2; } /*case scissors hand/
else if (((kcount-vcount)>=3) && ((kcount-fcount)>=3)) { win=3; } /*case hammer hand*/

else { win=4; } /*case other*/
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Void DrawFilledEllipse(double xRadius, double yRadius)

{ static float normalVec[3] = {0.0,0.0,1.0};
pushmatrix();
scale(xRadius,yRadius,1.0); n3f(normalVec); circf(0.0,0.0,1.0);
popmatrix(); '

}

void DrawDisk(double radius)

{ DrawFilledEllipse(radius,radius); }
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static short redwood[3] = {127, 63, 16};

static short greenlight[3] = {100, 200, 100},

#define Object GL_Object

static const vec3d switchPos = {-16,5.0,70.0};

static const vec3d comPos = {60.0,35.0,80.0};

static vec3d lightAnchorPos;

matrix4x4
room2WorldTransform,world2RoomTransform,world2RoomTransformT;
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int comparehand(void)

{
static float handflat[5][4]={
{-0.568140,-0.009880,-0.057080,-0.321440},
{-0.153700,-0.219660,-0.218370,0.084412},
{0.067120,-0.133040,-0.224380,-0.027838},
{0.256900,-0.201360,-0.283770,-0.027838},
{0.169070,-0.070280,-0.113850,-0.051678}};
static float vhand[5][4]={
{-1.336800,-0.622440,-0.713500,-0.156800},
{0.199810,0.235350,-0.376500,-0.239972},
{0.083900, 0.232820,-0.422870,-0.037922},
{-0.642250,-1.946480,-0.126120,0.317038},
{-0.368880,-1.036630,-0.207000,0.078638}};
static float kumhand[5][4]={
{-1.058300,-0.889200,-1.198680,-0.270480},
{-0.645540,-1.459170,-0.549690,0.166437},
{-0.520180,-1.596480,-0.578210,-0.026633},
{-0.293600,-1.862580,-0.693660,-0.112313},
{-0.568690,-2.248960,-0.393300,-0.243433}};
int i,j,fing,joint,fcount=0,vcount=0,kcount=0;
int win;
VirtualHand hand;
float flattemphand[5][{4],vtemphand[5][4],kumtemphand[5][4],tmp1;
hand = vt_hand_get();
for (i=0;i<5;i++)
for(j=0;j <4; j++)
{

flattemphand][i][j]=handflat[i][j;
vtemphand][i][j]=vhand][i][j];
kumtemphandii][j]J=kumhand[i][jl;
}

for (fing = 0; fing < 5; fing++)
for(joint = 0; joint < 4; joint++)
{ { /*find distance from hand between 3 pattern”/
if (fabs((flattemphand[fing][joint])-(hand->joint_angle[fing][joint]})<0.2032)
fcount=fcount+1;
if (fabs((vtemphand[fing][joint])-(hand->joint_angle[fing][joint]))<0.21023)
veount=vcount+1;

.
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if (fabs((kumtemphand(fing][joint])-(hand->joint_angle[fing][joint]))<0.2832)
kcount=kcount+1;

if (((fcount-vcount)>=3)) /* case flat hand */

{ win=1;}
else if (((vcount-fcount)>=3)&&((vcount-kcount)>=3) ) /[*case scissors hand*/
{ win=2;} *
else if (((kcount-vcount)>=3) && ((kcount-fcount)>=3) )/*case hammer hand*/
{ win=3;}

else { win=4; }/*case other*/
return (win);

d' Jdas = J [ & Ao 9 1
3‘1]‘11 W2 sl anTUMS AR TITRIBNLEZ ANV NN TN (ne)

g

o o ] P 3 ° I
ﬂglﬂu‘W\iﬂ‘lﬂﬂuﬂ'lillﬂﬂllﬂz‘ynﬂ'l\ﬂli‘)\?1]8‘715Ulﬂl'lil'ﬂﬂUT’]']ﬂ']ﬁﬁﬁ'JTlﬁﬂUl.’YlUUiSﬂZﬂ'l

[
A A

1 v vy A 9 o Y v Y A (d ¥y o '
‘If']ﬂﬂa\‘]ﬂ?'luﬂ'l'mizﬂa'm‘\lﬂy‘ﬂu@ﬂNHU'Uﬂ‘UGUﬂllall9“5”1%1111‘!Uﬂlﬂaﬂumﬂﬂﬂﬂﬂﬂuuvhl

U

[ '

v ¥ ]
Aunniidmuauazmnenhsihmesasiuauals v lamszmimeavesdenfidu

o J 1 . v QU 3 L L ’
ﬂﬂ’)']ﬂQiﬂzlﬂuﬂﬂ’l'l\i"llﬂ\‘iﬂizﬂ'l}l ﬂiivlﬂi LLﬁZﬁﬂu %xmNnuwnmmﬂmﬁwmﬁmu

[

dos o 1 @ @ i d”
4, W\iﬂ'ﬂ‘l«!ﬂ]iﬂi%‘ﬂ]ﬂﬂ')ﬂq AIDYNAIU

void

Interaction(int iObjID, int handID)

{
inti;
static unsigned char actuator[6] = {0, 0, 0, 0, 0, 0};
static unsigned char maxactuator[6] = {0, 0, 0, O, O, O};
HardPointStruct *hardPoints;
hardPoints = handKinematics[hand|D].hardPoints;
switch(iObjID)

{
case SWITCH2: /*reset switch*/
{ vec3d position;
static int debounce;
vt_send_glove_command(CG_ACTUATOR,maxactuator);
for (i=0;i < 6; i++)
{ maxactuator[i]=0; actuator[i] = O; }
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debounce--;
vt_transform3(iobject{SWITCH2].pos,room2World Transform,position);
for (i=0; i < 15; i++)
{ if (fabs(hardPoints][i].pos[0] - position[0]) < 7.0)
{ if (fabs(hardPoints]i].pos[1]-position[1]) < (3.0/2.0))
{ if (fabs(hardPoints[i].pos{2]-position[2]) < (3.0/2.0))

if (debounce > 0)
debounce = DEBOUNCEDELAY;

else

{
iobject{fSWITCH2].onOff = liobject[SWITCH2].onOff;
iobject[LIGHTBULB].onOff = iobject[SWITCH2].onOff;
system("sfplay bellup.aiff &");
actuator(i/3] = 255;
debounce = DEBOUNCEDELAY;

break;
case SWITCH: /*start switch*/
{
vec3d position;
static int debounce;
debounce--;
vt_transform3(iobject[SWITCH].pos,room2WorldTransform,position);

for (i=0; i < 15; i++)

{ if (fabs(hardPoints]i].pos[0] - position[0]) < 7.0)
{ if (fabs(hardPoints[i].pos[1]-position[1]) < (3.0/2.0))
{ if (fabs(hardPoints[i].pos[2]-position[2]) < (3.0/2.0))

if (debounce > 0)
debounce = DEBOUNCEDELAY;

else

{
iobject[LIGHTBULB].onOff = iobject[SWITCH].onOff;
iobject[SWITCH].onOff = OFF;
if (iobject[SWITCH].onOff ==OFF)
iobject[SWITCH].onOff = OFF;
system("soundplayer -nodisplay click.aifc &");
actuator]i/3] = 255;
debounce = DEBOUNCEDELAY;

}

}
}
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}
}

break;
for (i=0; i < 6; i++)

if (maxactuator(i] < actuatorfi])
maxactuatorfi] = actuator(i];
}

}

int
ClosestObject(int handID)

float minDistSqr = 99999999.9, distSqr; !

HardPointStruct *hardPoints;

vec3d diff,position;

int minDistID,i;

I loop through all objects, compute distance to fingers and

// return ID of closest object

hardPoints = handKinematics[handID].hardPoints;

for (i=0; i < NUMOBJS; i++)

{ I*map between world coordinate and local coordinate*/
vt_transform3(iobject[i].pos,room2WorldTransform,position);
vt_vec_diff3(hardPoints[3].pos,position,diff); /*find distance between object and hand*/
distSqr = vt_dot_prod3(diff,diff};

if (distSqr < minDistSqr)

minDistSqr = distSqr;
minDistID = i;

}
}

return minDistID;

}

void
Objectinteraction(void)

{
VirtualHand hand,;
int interactiveObjectID;
int handID = 0;
hand = vt_hand_list_get();
handID =0 ;
while (hand)
{
vt_hand_set(hand),
interactiveObjectlD = ClosestObject(handID),
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Interaction(interactiveObjectID, handiD);
Interaction(SWITCH, handID);
Interaction(SWITCH2, handID);
hand = hand->next;
handiD++;

}

}
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void drawword(int games,int hand1) /*display result */

{
subpixel(TRUE);
fminit( );

if ((font1=fmfindfont("Times-Roman")) == 0) exit (1); /*use type font*/
font25 = fmscalefont(font1, 38.0); /*set scale font */
fmsetfont(font25);

if ((games==hand1)||(hand1==4))

{

c3s(violetlight);
cmovi(40,80,38);
fmprstr("DRAW");

if ((games==1)&&(hand1==2))
{ c3s(violetlight);
cmovi(40,80,38);
fmprstr("YOU WIN"); }
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if ((games==2)&&(hand1==1))

c3s(redwood);
cmovi(40,80,38);
fmprstr("YOU LOSS"),

}

If ((games==1)&8&(hand1==3))

c3s(redwood);

cmovi(40,80,38);
fmprstr("YOU LOSS");
}

if ((games==3)&&(hand1==1))
{
c3s(violetlight);
cmovi(40,80,38);
fmprstr("YOU WIN");
}

if ((games==2)&&(hand1==3))
{
c3s(violetlight);
cmovi(40,80,38);
fmprstr("YOU WIN");
}

if ((games==3)&&(hand1==2))
c3s(redwood);

cmovi(40,80,38);
fmprstr("YOU LOSS");

}
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void
DrawLight(int lightOn, int broken, vec3d lightPos)

{
static short onEmission[3] = {210,130,245};
static short offEmission{3] = {0,0,0};
static float lightRadius = 10.0;

Imbind(MATERIAL,VR_WALL); /*use and set material color*/
Imcolor(LMC_EMISSION);

/I imcolor(LMC_DIFFUSE);

/I Imcolor(LMC_COLOR);

if (lightOn)
RGBcolor(onEmission[0],onEmission{1],onEmission[2]);
else
RGBcolor(offEmission[0],offEmission[1],0ffEmission[2]);
Imcolor(LMC_COLORY); :
pushmatrix();

{
/* left/right,front/back,up/down */
translate(lightPos[0]-10,lightPos[1}+40,lightPos[2]+10),
if (llightOn || broken)
Imbind(LIGHTO,1); /*close light switch*/
else
Imbind(LIGHTO,1);

popmatrix();
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static float vrWall[] = {DIFFUSE,0.9,0.9,0.8,

ALPHA,1.0,

SPECULAR,0.25,0.95,0.25,

AMBIENT,0.8,0.8,0.7,LMNULL};
ImdeflDEFMATERIAL,VR_WALL,nMaterialProps,vrWall);
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5unTasld imbind O; MudsFeiMualufNA® Imbind(MATERIAL,VR_ WALL);
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void
DrawBox(float xSide, float ySide, float zSide)
{

int i;

static float vertex[8][3] =

{

{-0.5,-0.5, -05},{ 0.5,-0.5, -0.5},
{ 0.5, 05, -05},{-0.5, 0.5, 05},
{-0.5,-0.5, 0.5},{ 0.5,-0.5, 0.5},
{05, 05, 05},{-05, 0.5 05}
h
static float normals[6][3] = {{0.0,0.0,-1.0}, /* back face */

{1.0,0.0,0.0}, /* right side */
{-1.0,0.0,0.0}, /* left side */
{0.0,1.0,0.0}, /* top */
{0.0,-1.0,0.0}, /* bottom */
{0.0,0.0,1.0}}; /* front face */
pushmatrix();
scale(xSide,ySide,zSide);
subpixel(TRUE);
/* backface */
bgnpolygon();
n3f(normals[0]); [*use for lighting */
for (i=0; i<4; i++)
v3f(vertex[il); [*use for draw vertex ground */
endpolygon();
/* right side polygon */
bgnpolygon();
n3f(normals[1]);
v3f(vertex[6]);
v3f(vertex[5]);
v3f(vertex[1]);
v3f(vertex[2]);
endpolygon();
/* left side polygon */
bgnpolygon();
n3f(normals[2]);
v3f(vertex[0]);
v3f(vertex[3]);
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v3f(vertex[7]);

v3f(vertex{4]);

endpolygon();

I* top side polygon */

bgnpolygon();
n3f(normals[3]);
v3f(vertex[7]);
v3f(vertex[6]),
v3f(vertex[2]);
v3f(vertex[3]);

endpolygon();

/* bottom side polygon */

bgnpolygon();
n3f(normals[4]);
v3f(vertex[4]);
v3f(vertex[5]);
v3f(vertex[1]);
v3f(vertex[0]);

endpolygon();

[* front */
bgnpolygon();
n3f(normals[5]);
for (i=4;i<8;i++)
v3f(vertex[il);
endpolygon();

popmatrix(); :
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ranmode_=rand(); /*rand om computer hand pattern*/
if ((ranmode_%3)==1)
mode_=1;
if ((ranmode_%3)==2)
mode_=2;
if ((ranmode_%3)==0)
mode_=3;

DrawHandGame(mode_,3.5,20) ; /*display computer hand*/
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void frame_rate(int counter,int start,int state_num)

static struct timeval time_now = {0,0}, start_time = {0,0};
struct timezone tz;
double secs,usecs,chksecs; /*tsecs*/

if (counter == 0)

{
}

gettimeofday(&start_time,&tz); tsecs=0.0; return;

gettimeofday(&time_now,&tz);
secs =time_now.lv_sec - start_time.tv_sec;
usecs = time_now.tv_usec - start_time.tv_usec;
secs = secs + (usecs/1.0e6); tsecs=secs;
if((tsecs >=7) &&(tsecs <=7.4))
{ hand1=comparehand(); I*check and detect hand™/ }

I*draw graphic object and check status™  }
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