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Loop unrolling and type casting operation for

performance improvement in embedded system
Woon Sung®, Dong Young Shin’, Joon Seok Park”
O*Dept. of Computer and Information Engineering, Inha University
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Fig. 1. Image processing software algorithm
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Table 1, Conversion between YCbCr and RGB formulas -
floating point operation

pix_1 = (int) (Y11 + 1.402*(Cr-128));

pix_2 = (int) (Y12 + 1.402*(Cr-128));

pix_3 = (int) (Y21 + 1.402*Cr-128));

pix_4 = (int) (Y22 + 1.402*Cr-128));

pix_1 += (int) (Y11 - 0.344*Cb-128) - 0.714*(Cr-128));
pix_2 += (int) (Y12 - 0.344*(Cb-128) - 0.714*(Cr-128));
pix_3 += (int) (Y21 - 0.344*(Cb-128) - 0.714*(Cr-128));
pix_4 += (int) (Y22 - 0.344*(Cb-128) - 0.714*(Cr-128));
pix_1 += (int) (Y11 + 1,772%Cb-128));

pix_2 += (int) (Y12 + 1.772%Cb-128));

pix_3 += (int) (Y21 + 1,772*Cb-128));

pix_4 += (int) (Y22 + 1.772%Cb-128));
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Table 2, Conversion between YCbCr and RGB formulas -
fixed point operation

AA JCE= -

pix_1 = (int) (Y11*1000 + 1402*(Cr-128))/1000;

pix_2 = (int) (Y12*1000 + 1402*(Cr-128))/1000;

pix_3 = (int) (Y21*1000 + 1402*(Cr-128))/1000;

pix_4 = (int) (Y22*1000 + 1402*(Cr-128))/1000;

pix_1 += (int) (Y11*1000 - 344*(Cb-128) - 714*(Cr-128)/1000;
pix_2 += (int) (Y12*1000 - 344*(Cb-128) - 714*(Cr-128)/1000;
pix_3 += (int) (Y21*1000 - 344*(Cb-128) - 714*(Cr-128)/1000;
pix_4 += (int) (Y22*1000 - 344*(Cb-128) - 714*(Cr-128)/1000;
pix_1 += (int) (Y11*1000 + 1772*(Cb-128))/1000;

pix_2 += (int) (Y12*1000 + 1772*(Cb-128))/1000;

pix_3 += (int) (Y21*1000 + 1772*(Cb-128))/1000;

pix_4 += (int) (Y22*1000 + 1772*(Cb-128))/1000;
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Table 3, 3x3 matrix filter
float val=0;

for(m=-1;m (2;m-+){

for(n=-1;n{(2;n++){
val+=kernel[m+1][n+1]"processimage(j+m][i+n];
}

}
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E 4, 3x3 matrix ZE{ loop unrollingz}
Table 4, 3x3 matrix filter loop unrolling and type casting

int val=0;

val+=kernel[0][0]"processimagel[j-1][i-1];
val+=kernel[0][1]*processimage[j-1][i;
val+=kernel[0][2]*processimagel[j-1][i+1];
val+=kernel[1][0]"processimagelj][i-1];
val+=kernel[1][1]*processlmagel(j[il;
val+=kernel[1][2]"processlmagelj[i+1];
val+=kernel[2][0]*processimagel[j+1][i-1];
val+=kernel[2][1]*processimagel[j+1]]il;
val+=kernel[2][2]"processimage(j+1][i+1];
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