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ABSTRACT

A 3-Dimensional engine in a mobile embedded device is divided into a C-based OpenGIL/ES and a
Java-based JSR184 which interprets and executes a byte code in a real-time. In these two standards, the
JSR184 supporting Java objects uses more processor resources than an OpenGL/ES and thus has a constraint
when it is used in an embedded device with a limited computing power. On the other hand, 3-Dimensional
contents employed in existing personal computer are created by utilizing advantages of Java and secured
numerous users in European market, due to the good quality in contents and extensive service in a
commercial network, GSM. Because of the reason, a mobile embedded device used in a GSM network
needs a JSR184 which can provide an existing Java-based 3-Dimensional contents without extra conversion
processes, but the current version of Java-based 3-Dimensional engine has drawbacks in application to
commercial products because it requires more computing power than the mobile embedded device. This
paper proposes a binding: technique with the advantages of Java objects to improve a processing speed
of 3-Dimensional contents in limited resources of a mobile embedded device. The technique supports a
JSR184 standard interface in the upper layer to utilize 3-Dimensional contents using Java, employs a
different code-conversion language, KNI (Kilo Native Interface), in the middle layer to interface between
OpenGL/ES and JSR184, and embodies an OpenGL/ES standard in the lower layer. The validity of the
binding technique is demonstrated through a simulator and a FPGA embedding an ARM.
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VertexBuffer.java
public class VertexBuffer extends Object3D {
public VertexBuffer()
{
this(createNativeVertexBuffer(),
VERTEXBUFFER),

private setPositions(VertexArray obj, float
scale, float[lattr)

setNativePositions(obj, scale, attr);
}
private setNormals(VertexArray obj)
{
setNativeNormals(obj);
}
private setColors(VertexArray obj)
{
setNativeColors(obj);
}
private setTexCoords(int idx, VertexArray
obj, float scale, floatl] scalebias)

setNativeTexCoords(idx, obj, scale,
scalebias);

}

/*Declaration of the Natives Functions For
Binding API */

private native void
setNativePositions(VertexArray obj,
float scale, float[] attr);

private native void
setNativeNormals(VertexArray obj);

private native void
setNativeColors(VertexArray obj);

private native void setNativeTexCoords (int
idx, VertexArray obj, float scale,
float[]scalebias);

HICIE D712 MRl X Ms SME (8 BiolE

Native_kni_vertexbuffer.c

KNIEXPORT KNI_RETURNTYPE_VOID
Java_javax_microedition_m3g_VertexBuffer_se
tNativePosition()

[x T/

/* Binding for Vertex Process */

glVertexPointer(pstVertexPos->nNoComponen
ts, GL_FLOAT, 0,pstPosition—
Vertex->pfGLVertex);
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void applyLight(udtLight #pstLight, int LightID)
{
/* Binding for Light and Material */
glLightModelfv(GL_LIGHT_MODEL_AMBIEN
T, LIGHT_ZERO),
if(pstLight->nMode == AMBIENT) //if mode
is Ambient
{
glLightfv{LightID, GL_AMBIENT, fColor);
glLightfv(LightID, GL_DIFFUSE,
LIGHT_ZERQ);
glLightfv(LightID, GL_SPECULAR,
LIGHT_ZEROQ);
} else  //else if mode is Directional/Omni/Spot
{
/* Binding for Lighting Element */
glLightfv(LightID, GL_AMBIENT,
LIGHT_ZERO);
glLightfv(LightID, GL_DIFFUSE, fColor);
glLightfv(LightID, GL_SPECULAR, fColor);
}
/* Binding for GL_POSITION #/
glLightfv(LightID, GL_POSITION,
pstLight->nMode !'= DIRECTIONAL ?
LOCAL_ORIGIN : POSITIVE_Z_AXIS);
glLightfv(LightID, GL_SPOT_DIRECTION,
NEGATIVE_Z_AXIS);

if(pstLight->nMode == SPOT)
{
/* Binding for Spot Lighting */
glLightf(LightID,GL_SPOT_EXPONENT,
pstLight->fSpotExponent);
glLightf(LightID, GL_SPOT_CUTOFEF,
pstLight->fSpotAngle);
} else  //else if ambient/directional/omni
{
glLightf(LightID, GL_SPOT_CUTOFF,
180.01);
}

if(pstLight->nMode == OMNI ||
pstLight->nMode == SPOT )

/* Binding for Attenuation */
glLightf(LightID,
GL_CONSTANT_ATTENUATION,
pstLight->fAttenuationConstant);
glLightf(LightID,
GL_LINEAR_ATTENUATION,
pstLight->fAttenuationLinear);
glLightf(LightID,
GL_QUADRATIC_ATTENUATION,
pstLight->fAttenuationQuadratic);
else if(pstLight->nMode == AMBIENT)

—

/* Binding for AMBIENT Lighting */
glLightf(LightID, GL_CONSTANT_
ATTENUATION, 1.0f);
glLightf(LightID, GL_LINEAR_
ATTENUATION, 0.0f);
glLightf(LightID, GL_QUADRATIC_
ATTENUATION, 0.0f);
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void setCameraPerspective(udtCamera
*xpstCamera, float fFovy, float fAspectRatio,
float fNear, flaot fFar)

if(fFovy <= 0 || fAspectRatio <= 0 || fNear <=
0 Il fFar <= 0 |l fFovy >= 180)
KNI_ThrowNew(“java/lang/Illegal Argument

"«

Exception”, “Perspective error”);

else

{
pstCamera->fFovy = fFovy;
pstCamera->fNear = fNear;
pstCamera—->fFar = fFar;
pstCamera->fAspectRatio = fAspectRatio;
pstCamera->nProjectionType =

PERSPECTIVE;

fHeight= (float)tan(fFovy *PI / 360.0);
fWidth = fHeight * fAspectRatio;
fDepth = fFar - fNear;

if(fDepth)

{
/* Binding for Perspective Matrix */
Set_Perspective_Matrix(pstCamera—>

arrfMatrix,pstCamera);

} else

{
/*view volume is zero */
memset(pstCamera->arrfMatrix,0,sizeof

{float)*16);
}

/* Binding for Camera and Matrix */
transposeMatrix(pstCamera->affMatrix,
affMatrix);
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glMatrixMode(GL_PROJECTION);
gllLoadMatrix(affMatrix);
gIMatrixMode(GL_MODELVIEW);
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static const NativeFunction
javax_microedition_m3g_VertexBuffer_natives[] =
{

NATIVE(“setdefaultColor”, “(I)V”,
java_javax_microedition_m3g_Vertex
Buffer_setDefaultColor(),

NATIVE(“setNativeColors”,
“(Ljavax/microedition/m3g/VertexAr
ray;)V”, java_javax_microedition_
m3g_VertexBuffer_setNativeColors(),

/x T o/

{(char=)0, (char#)0, (void*)0}
}

const NativesTable natives_table[] = {

TABLE(“javax/microedition/m3g/VertexBuffer”,
javax_microedition_m3g_VertexBuffer_
natives, (NativeFunction*)0),

/x T w/

TABLE((char*)0, (NativeFunction*)0,
(NativeFunction*)0)
}
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EGLBonlea APIENTRY

[EGLBoolean APIENTRY
oglwattRative! EGLInt engine }

eg)wsit\ative( EGLint engine Y

TRACE{ Walt¥ative( %s 3, L engine } ¥: TRACES WaitNative! %s ), 1{ emgise 3 3;

return DISPATCH waitNative, { engine 3 ¥; retury DISPATCH( Waitistive, { engine } };
ECLBocTean APTENTRY : NTRY
sy Yay display, Fm#wfnce drav ) on1Swaphef faral ECLBisplay displ: EGLSurface deaw 3
static int se = &;
284 lnge4

TRACE! SwapBuffers{ %s, %s §, #( diaplay ¥, #( draw ¥ };

return DISPATONY SwapBuffers, { display, draw } };

445
IRACES SwopRudfers{ ¥s, %5 3. P display ¥, P{ draw 35
ortucs BISPATCR! SwapBuffars, ( display, drew } }; 297
i fao

EGLBootean APTENTRY

EGLIoo eary APTENTE:
leqlCopynniters( ECLDisplay display, ECLSwrface surisce, NativePixea:

v
eqiCopyBuffers{ KiBisplay display, EGLSurface swrfave, NotivePiweail)
N

d

TRACE! Copybutfers{ %s. %s, ¥s 3, P{ display &, P{ suxface }, ¥ THACE{ CopyBuffers{ ¥s. %s, %s 3, P{ display ), P{ surface }. P
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