


Figure 5.14 eye.png

Figure 5.14 Comic.png

Figure 5.14 Child.png

Figure 5.15 After IDCT
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Figure 5.15 After IDCT

Figure 5.15 After IDCT
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Figure 5.13 Original Image — serpil2.png
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Figure 5.14 After DCT Figure 5.15 After IDCT

Figure 5.16 Original Image — serpil3.png
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Figure 5.17 After DCT Figure 5.18 After IDCT

As a result we can conclude that, when the image’s pixel depth is larger, it gives much
better results. If want to compare the images with the same pixel size, such as 512x512, we can
say that if the color distribution through the pixels doesn’t vary too much, we get more
satisfactory results. For example, if we compare eye.png and serpil3.png, we see uncompressed

eye.png is much closer to original image.

Image Size GPU Time CPU Time
Child.png 66 K, 256x256 .003541 .014629
Untitled.png 92 K, 512x512 .011968 .058296
Untitled2.png 190 K, 512x512 .011975 .058233
Comic.png 213 K, 512x512 .011975 .05826
Ocean.png 240 K, 512x512 011971 .058381
Serpil2.png 253 K, 512x512 .011970 .08332

Eye.png 260 K, 512x512 .01198 .054871
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Serpil3.png 275 K, 512x512 01197 .05833

Untitled1.png 308 K, 512x512 .01198 .058326

Table 6.1 Time consuming of the GPU and CPU usage over the whole program

DCT Performance
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Chart 6.1 Proportional Time consumed according to size of an image

As we can see from the chart and table also, when size of the image increases CPU time
also increases. On the other hand, increment of the size doesn’t affect the GPU timing, because it
is already so small. As we can see even uploading of the image takes more time then the whole
GPU process, so implementing the image compression on GPU is a great achievement for saving

of processing time.
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CHAPTER 7: CONCLUSION

By this thesis we explored the processing power of GPUs for digital image compression
using discrete cosine transform. Experimental results showed that GPU gave almost five times
faster results than CPU did. We used Cg programming language as a shader language, and used
VC++ 7.1 as an interface between user and the GPU. Cg program was called by a C++ function.

At the sight of experimental results we became sure that GPU’s efficient processing power
and algorithms are good fit for implementing Digital Image Processing Standards. For making the
program even more efficient ANN algorithm is used to calculate the coefficients of the DCT
compression. And using the shaders at the stage of partitioning of the DCT blocks with Cg
programming language helped us at saving the most of the processing time. But it is still not
perfect, because Cg has its own limitations also, it is not developed for general purpose
programming completely. If we want to compress the image with 16x16 blocks, since Cg doesn’t
let us to use vector of size 8, it would be much more complicated.

If we can also do color space conversion by using GPU, it would be very helpful, because
right now user has to convert the image to grayscale outside the program by using another
application. First I though about calling some Matlab functions for color space conversion from
C++ files, but when I install the Cg and the Matlab together at the same Pc, somehow system just
confuses up and Mablab doesn’t let Cg to do its part.

Another limitation with this program is that it can only compress *.png files, at future
applications if we can expand the type of the input image, it can be more useful. Because not

everybody wants to work with only png files.
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APPENDIX

APPENDIX A

float4 DCT_even(float d[8])

{
float tmp0, tmp1, tmp2, tmp3;
float tmp10, tmp11, tmp12, tmp13;
float z1;
float4 output;

tmp0 = d[0] + d[7];
tmpl =d[1] +d[6];
tmp2 = d[2] + d[5];
tmp3 = d[3] + d[4];

/* Even part */

tmp10 = tmp0 + tmp3; /* phase 2 */
tmp13 = tmpO0 - tmp3;

tmpl1l =tmpl + tmp2;

tmp12 = tmp1 - tmp2;

output[0] = tmp10 + tmp11; /* phase 3 */ // dataptr[0]
output[1] =tmp10 - tmp11; // dataptr[4]

z1 = (tmp12 + tmp13) * 0.707106781; /* c4 */
output[2] = tmp13 + zI; /* phase 5 */ // dataptr[2]
output[3] =tmpl3 - z1; // dataptr[6]

return output;

}

float4 DCT_odd(float d[8])

{
float tmp4, tmp5, tmp6, tmp7;
float tmp10, tmp11, tmp12;
float z2, 73, 74, 25, z11, z13;
float4 output;

tmp7 = d[0] - d[7];
tmp6 = d[1] - d[6];
tmp5 = d[2] - d[5];
tmp4 = d[3] - d[4];

/* Odd part */
tmp10 = tmp4 + tmp5; /* phase 2 */
tmpl1 = tmpS5 + tmp6;
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tmp12 = tmp6 + tmp7;

/* The rotator is modified from fig 4-8 to avoid extra negations. */
z5 = (tmp10 - tmp12) * 0.382683433; /* c6 */

72 =0.541196100 * tmp10 + z5; /* c2-c6 */

z4 =1.306562965 * tmp12 + z5; /* c2+c6 */

z3 =tmpll * 0.707106781; /* c4 */

z11 =tmp7 + z3; /* phase 5 */

z13 =tmp7 - z3;

output[0] = z13 + z2; /* phase 6 */  // dataptr[5]

output[1] =213 - z2; // dataptr[3]
output[2] =z11 + z4; // dataptr[1]
output[3]=z11 - z4; // dataptr[7]

return output;
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APPENDIX B
DCT _GPU::DCT_GPU(int w, int h, bool use mrt) : width(w), height(h), mrt(use mrt)

char *format = "float=16 rgba textureRECT";
/I char *format = "float=32 rgba textureRECT";

// create buffers
img_buffer = CreateBuffer(w, h, format);
dest buffer = CreateBuffer(w, h, format);
temp_buffer = CreateBuffer(w, h, format);

row_buffer = CreateBuffer(w/8, h, format);

if (!mrt) row_buffer2 = CreateBuffer(w/8, h, format);
col_buffer = CreateBuffer(w, h/8, format);

if (Imrt) col buffer2 = CreateBuffer(w, h/8, format);

InitCg();
H

void

DCT_GPU::InitCg()

{
cgSetErrorCallback(cgErrorCallback);
g_context = cgCreateContext();

const char *code = read_text file("gpgpu dct/dct.cg");
fprog_profile = cgGLGetLatestProfile(CG_GL_FRAGMENT);

if (mrt) {
dct_rows_fprog = cgCreateProgram(g_context, CG_SOURCE, code,
fprog_profile, "DCT_rows_singlepass_PS", NULL);
} else {
dct rows_fprog = cgCreateProgram(g_context, CG_SOURCE, code,
fprog_profile, "DCT rows_passl PS", NULL);
dct_rows2 fprog = cgCreateProgram(g_context, CG_SOURCE, code,
fprog profile, "DCT _rows_pass2 PS", NULL);

}

dct_unpack rows fprog = cgCreateProgram(g_context, CG_SOURCE, code, fprog profile,

"DCT unpack rows PS", NULL);

if (mrt) {
dct_cols_fprog = cgCreateProgram(g_context, CG_SOURCE, code,
fprog profile, "DCT cols_singlepass PS", NULL);
}else {
dct_cols_fprog = cgCreateProgram(g_context, CG_SOURCE, code,
fprog profile, "DCT cols passl PS", NULL);
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dct_cols2 fprog = cgCreateProgram(g_context, CG_SOURCE, code,
fprog_profile, "DCT cols _pass2 PS", NULL);

dct_unpack cols fprog = cgCreateProgram(g_context, CG_SOURCE, code, fprog_profile,
"DCT unpack cols PS", NULL);

if (mrt) {
idct_rows_fprog = cgCreateProgram(g_context, CG_SOURCE, code,
fprog_profile, "IDCT rows_singlepass PS", NULL);
}else {
idct_rows_fprog = cgCreateProgram(g_context, CG_SOURCE, code,
fprog_profile, "IDCT rows passl PS", NULL);
idct_rows2_fprog = cgCreateProgram(g_context, CG_SOURCE, code,
fprog profile, "IDCT rows_pass2 PS", NULL);
j
idct_unpack rows fprog = cgCreateProgram(g_context, CG_SOURCE, code,
fprog profile, "IDCT unpack rows PS", NULL);

if (mrt) {
idct_cols_fprog = cgCreateProgram(g_context, CG_SOURCE, code,
fprog_profile, "IDCT cols_singlepass PS", NULL);
}else {
idct_cols_fprog = cgCreateProgram(g_context, CG_SOURCE, code,
fprog profile, "IDCT cols passl PS", NULL);
idct_cols2_fprog = cgCreateProgram(g_context, CG_SOURCE, code,
fprog_profile, "IDCT cols_pass2 PS", NULL);
}
idet_unpack_cols_fprog = cgCreateProgram(g_context, CG_SOURCE, code, fprog_profile,
"IDCT unpack cols_PS", NULL);

display fprog = cgCreateProgram(g_context, CG_SOURCE, code, fprog_profile,
"Display PS", NULL);
brightness_param = cgGetNamedParameter(display fprog, "brightness");

quantize fprog = cgCreateProgram(g_context, CG_SOURCE, code, fprog profile,
"Quantize PS", NULL);
quantize param = cgGetNamedParameter(quantize fprog, "quantize level");

cgGLLoadProgram(dct rows_fprog);

if (!mrt) cgGLLoadProgram(dct rows2_fprog);
cgGLLoadProgram(dct unpack rows fprog);
cgGLLoadProgram(dct cols_fprog);

if (!mrt) cgGLLoadProgram(dct cols2 fprog);
cgGLLoadProgram(dct unpack cols fprog);

cgGLLoadProgram(idct rows_fprog);

if (!mrt) cgGLLoadProgram(idct rows2_fprog);
cgGLLoadProgram(idct unpack rows_fprog);
cgGLLoadProgram(idct _cols_fprog);

if (!mrt) cgGLLoadProgram(idct cols2 fprog);
cgGLLoadProgram(idct unpack cols fprog);
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cgGLLoadProgram(display fprog);
cgGLLoadProgram(quantize fprog);

delete [] code;

}

void
DCT_GPU::Loadlmage(array2<unsigned char> &img)
{
glGenTextures(1, &img_tex);
glBindTexture(GL_ TEXTURE RECTANGLE NV, img_ tex);
glTexParameteri(GL TEXTURE RECTANGLE NV, GL TEXTURE WRAP S,
GL_CLAMP _TO_EDGE);
glTexParameteri(GL_TEXTURE RECTANGLE NV, GL TEXTURE WRAP T,
GL _CLAMP TO EDGE);
glTexParameteri(GL_TEXTURE RECTANGLE NV, GL TEXTURE MAG FILTER,
GL_NEAREST);
glTexParameteri(GL_ TEXTURE RECTANGLE NV, GL TEXTURE MIN FILTER,
GL_NEAREST);
glTexImage2D(GL_TEXTURE _RECTANGLE NV, 0, GL_ LUMINANCE,
img.get width(), img.get_height(), 0, GL_ LUMINANCE, GL_UNSIGNED BYTE, (const void
*)img.get pointer());

img_buffer->Activate();
DisplayTexture(img_tex);
img_buffer->Deactivate();

}

void
DCT_GPU::FDCT(RenderTexture *src, RenderTexture *dest)

if (mrt) {
Pass MRT(dct rows_fprog, src, WGL FRONT LEFT ARB, 0, row_buffer,
GL_AUXO0, GL_AUX1);
Pass MRT(dct unpack rows_fprog, row_buffer, WGL_AUXO0 ARB,
WGL_AUXI1_ ARB, dest, GL_FRONT_LEFT, 0);

Pass MRT(dct cols_fprog, dest, WGL FRONT LEFT ARB, 0, col buffer,
GL_AUXO0, GL_AUX1);

Pass MRT(dct unpack cols fprog, col buffer, WGL AUXO0 ARB,
WGL_AUX1_ARB, dest, GL_FRONT_LEFT, 0);

} else {

Pass(dct_rows_fprog, src, 0, row_buffer);

Pass(dct rows2 fprog, src, 0, row_buffer2);

Pass(dct unpack rows fprog, row buffer, row buffer2, dest);

Pass(dct_cols_fprog, dest, 0, col buffer);
Pass(dct cols2 fprog, dest, 0, col buffer2);
Pass(dct_unpack cols_fprog, col buffer, col buffer2, dest);



}

void
DCT_GPU::Quantize(RenderTexture *src, RenderTexture *dest, float quantize level)
{

cgGLSetParameter1f(quantize param, quantize level);

Pass(quantize fprog, src, 0, dest);
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APPENDIX C

float4 IDCT _1(float d[8])
{
float tmp0, tmp1, tmp2, tmp3, tmp4, tmp5, tmp6, tmp7
float tmp10, tmp11, tmp12, tmp13;
float z5, 210, z11, z12, z13;
float4 output;

/* Even part */
tmp0 = d[0];
tmpl = d[2];
tmp2 = d[4];
tmp3 = d[6];

tmp10 = tmp0 + tmp2; /* phase 3 */
tmpl1 = tmpO0 - tmp2;

tmp13 =tmpl + tmp3; /* phases 5-3 */
tmpl2 = (tmpl - tmp3) * 1.414213562 - tmp13; /* 2*c4 */

tmp0 = tmp10 + tmp13; /* phase 2 */
tmp3 = tmp10 - tmp13;
tmpl =tmpl1 + tmpl2;
tmp2 = tmpl1 - tmp12;

/* Odd part */
tmp4 = d[1];
tmp5 = d[3];
tmp6 = d[5];
tmp7 = d[7];

z13 = tmp6 + tmp5; /* phase 6 */
710 = tmp6 - tmpS3;
z11 = tmp4 + tmp7;
z12 = tmp4 - tmp7;

tmp7 =z11 + z13; /* phase 5 */
tmpl1 =(z11 -z13) * 1.414213562; /* 2*c4 */

z5=(z10 +z12) * 1.847759065; /* 2*c2 */
tmp10 = 1.082392200 * z12 - z5; /* 2*(c2-c6) */
tmpl12 =-2.613125930 * z10 + z5; /* -2*(c2+c6) */

tmp6 = tmp12 - tmp7; /* phase 2 */
tmpS = tmpl1 - tmp6;
tmp4 = tmp10 + tmp5;

b
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output[0] = tmp0 + tmp7; // wsptr[DCTSIZE*0]
// output[7] = tmpO0 - tmp7; // wsptr[DCTSIZE*7]
output[1] = tmp1l + tmp6; /l wsptr[DCTSIZE*1]
/" output[6] = tmpl - tmp6; // wsptr[DCTSIZE*6]
output[2] = tmp2 + tmp5; // wsptr[ DCTSIZE*2]
// output[5] = tmp2 - tmp5; /l wsptr[DCTSIZE*S5]
/" output[4] = tmp3 + tmp4; // wsptr[ DCTSIZE*4]
output[3] = tmp3 - tmp4; // wsptr[ DCTSIZE*3]
return output;
h
float4 IDCT 2(float d[8])
{

float tmp0, tmp1, tmp2, tmp3, tmp4, tmp5, tmp6, tmp7;
float tmp10, tmp11, tmp12, tmp13;

float z5, 210, z11, z12, z13;

float4 output;

/* Even part */
tmp0 = d[0];
tmp1 = d[2];
tmp2 = d[4];
tmp3 = d[6];

tmp10 = tmp0 + tmp?2; /* phase 3 */
tmpl1 = tmpO0 - tmp2;

tmp13 = tmpl + tmp3; /* phases 5-3 */
tmpl2 = (tmp1 - tmp3) * 1.414213562 - tmp13; /* 2*c4 */

tmp0 = tmp10 + tmp13; /* phase 2 */
tmp3 = tmp10 - tmp13;
tmpl =tmpl1 + tmp12;
tmp2 =tmpl1 - tmp12;

/* Odd part */
tmp4 = d[1];
tmp5 = d[3];
tmp6 = d[5];
tmp7 =d[7];

z13 = tmp6 + tmp5; /* phase 6 */
z10 = tmp6 - tmp5;
z11 = tmp4 + tmp7;
z12 = tmp4 - tmp7;

tmp7 =2z11 + z13; /* phase 5 */
tmpll = (z11 - z13) * 1.414213562; /* 2*c4 */

25 = (210 + z12) * 1.847759065; /* 2*c2 */
tmp10 = 1.082392200 * 212 - z5; /* 2%(c2-c6) */
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tmp12 = -2.613125930 * z10 + z5; /* -2%(c2+c6) */

tmp6 = tmp12 - tmp7; /* phase 2 */
tmpS = tmpl1 - tmp6;
tmp4 = tmp10 + tmp5;

/! output[0] = tmp0 + tmp7; / wsptr[ DCTSIZE*0]
output[3] = tmp0 - tmp7; // wsptr[ DCTSIZE*7]

/I output[1] = tmp] + tmp6; // wsptr[DCTSIZE*1]
output[2] = tmpl - tmpb6; / wsptr[ DCTSIZE*6]

// output[2] = tmp2 + tmp5; // wsptr[DCTSIZE*2]
output[1] = tmp2 - tmp5; // wsptr[ DCTSIZE*S5]
output[0] = tmp3 + tmp4; /l wsptr[DCTSIZE*4]

/" output[3] = tmp3 - tmp4; // wsptr[ DCTSIZE*3]

return output;

}



