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Abstract In this paper, we present a real-time algorithm for recognizing the vehicle color from
the indoor and outdoor vehicle images based on GPU (Graphics Processing Unit) acceleration. In the
preprocessing step, we construct feature vectors from the sample vehicle images with different colors.
Then, we combine the feature vectors for each color and store them as a reference texture that would
be used in the GPU. Given an input vehicle image, the CPU constructs its feature vector, and then
the GPU compares it with the sample feature vectors in the reference texture. The similarities between
the input feature vector and the sample feature vectors for each color are measured, and then the result
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is transferred to the CPU to recognize the vehicle color. The output colors are categorized into seven
colors that include three achromatic colors: black, silver, and white and four chromatic colors: red,
yellow, blue, and green. We construct feature vectors by using the histograms which consist of

hue-saturation pairs and hue-intensity pairs. The weight factor is given to the saturation values. Our
algorithm shows 94.67% of successful color recognition rate, by using a large number of sample images

captured in various environments, by generating feature vectors that distinguish different colors, and by
utilizing an appropriate likelihood function. We also accelerate the speed of color recognition by utilizing
the parallel computation functionality in the GPU. In the experiments, we constructed a reference texture
from 7,168 sample images, where 1,024 images were used for each color. The average time for
generating a feature vector is 0.509ms for the 150x113 resolution image. After the feature vector is
constructed, the execution time for GPU-based color recognition is 2.316ms in average, and this is 5.47
times faster than the case when the algorithm is executed in the CPU. Our experiments were limited
to the vehicle images only, but our algorithm can be extended to the input images of the general objects.
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Algorithm: Feature_Vector_Generation
Input:  ITAWI.RGB  /+ Z} o] R, G, BaE ZE wxh =S 98 94 +/
Saturation _weight /* NEZL) th3 715A +/
Saturation _threshold [+ AZgkel 7}5AE FAs7] A3 dAG »/
Hue _threshold [+ MZ34E undefined & 32571 918 A +/
Output: [32][32] /* color feature vector of given image */
1. for i=0to 15 do
for j=0to 31 do
HS[[j1=HI[)[j]1=0:  /+ HS, HI 3|28 27138 +/
2. for i=0to hdo
for j=0to w do begin
Max =Find_Max(ITil{j1.R , Ilil{j1.G, ILi1j1.B )
Min = Find_Min(Z[A[/1.R . [TA(1.G , /1B );
I'i)[j1« RGB_to HSI Conversion (I[i][j]); /*HSI B3R A2 98/
/* Max ~ Min Y] Hue _threshold ©13tQl 7%, huedt @2 undefined & A7 *
if Max~Min < Hue_ threshold then
I'{il[jl.hue = undefined ;
/+ Saturation #ell thalM 7AF5HE Hojsln] HS S| 2EIHE T4 +/
if I'[{|[jl.saturation <= Saturation _threshold [+ T Mole} FHE A +/
HS [ I'[i1[j)-hue ][ I'[i]{j].saturation 1+ +
else /x A Molet FAES FHEAE BAY BS +/
HS | I'[i][/).hue 11 I'[i][j)saturation 1+ = Saturation _ weight ;
[+ HI S| 2E2 A «/
HI [ I'li][j1hue 11 I'(i][j).int ensity ]+ +
end
3. for i=0to 15 do
for j=0to 31 do begin
Vil = HSULY
Vi +16]{ /1= HI[iLjT;
end
ruction Multiple Data) 71Hes eld of Hojd &
4% HY 5 Yok B ERANE GPUS Jow
SIMD 719& olg] FgHos M Hde SPat
= dudEe AA Bt 6). Feature vector v p— Subtraction t R;:;‘:O
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VY AN A% age B gusReE = | po o o L et 0
HE ANE H, olFE A% B2 E2¥sel 3z € .
Z(Reference texture)E T+ 2 dX2X= GPU
e A19gA1el 22 & W A" & ZE 948 o I8 6 GPU 7|¥ke] A% Q4 daes:
g9 A3 Qo] o) WEHOT AT 4 goBzE,
o] FHe AW Aol P A Qo) 4% WHHAT, T F 71 HTEC] FE city-block
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