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Development of Real-Time Image Processing System Using GPU

o X 8, 2XN F &=
(Ja-Yong Lee, Jae-Hong Oh, and Hoon Kang)

Abstract : When a real-time image processing application is implemented with a general-purpose computer, CPU (Central
Processing Unit) is usually heavily loaded and in many cases that CPU alone cannot meet the real-time requirement at all. Most
modern computers are equipped with powerful Graphics Processing Units (GPUs) to accelerate graphics operations. There is a trend
that the power of GPU outgrows that of CPU. If we take advantage of the powerful GPU for more general operations other than pure
graphics operations, the processing time can be reduced. In this study, we will present techniques that apply GPU to general
operations such as image processing procedures. Our experiment results show that significant speed-up can be achieved by using

GPU.
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Fig. 1. The 3D graphics pipeline in GPU.
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ps.2.0 texld r5, t5, s0

texid 5, 1B, sO

dcl tQ texid 17, t7, s0

del t1 add 8, t0, c20

dch t2 texld 18, 8, sO

dcl 13

del t4 add 19, 10, r1

del t5 add 13, 13, 12

del tb add 13, 9,13

delt? . add 9,19, rd

del 2d s0 add 3, 1@, 15

add 9, 18, 16

texld 0, t0, <0 add 9, 19, 17

texid 1,11, sO add 13,13, 18

texld r2, t2, s0

texid 13,13, 0 mul 00, 19, c0

texld r4, 14, 50 mov oCO, 0

I% 2. Blur FAHS 43 4ol o8 sE
Fig. 2. Sample of shader assembly code for blur.

Of

AR AE - r#

A
F& AXN2H - ad

E2 YA 2g
o5 AX=E oPos; 0D#,
vt oFog, ofts;
ot#, O#
A4 MAAEH ~c#
FE dNAH -b0
B 82 Mol AR AE ~i#
FEIIEH SN2 - al
¥ 3.3 Aoy AdE
Fig. 3. Vertex shader block-diagram.
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Fig. 4. Pixel shader block-diagram.
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Table 1. Maximum code line for vertex shader.
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Table 3. Processing time of sobel edge detection(ms).
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Table 2. Maximum code line for pixel shader.

R o) B4l &3l
ps 11 8
ps20 64
ps 30 512

WA Hoj Heo] gl input size GPU CPU
vs 11 128 320%240 2446 7423
vs 2 0 256 640+480 8436 44663
vs30 512 1024*768 20630 116.142

F 4. 94t AZNLaplacian of Gaussian 824 3E).

Table 4. Processing time of Laplacian of Gaussian ED(ms).

input size GPU CPU
320%240 2.662 8456
640*480 9.143 46.125
1024*768 22.334 117.348
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Table 5. Processing time of histogram equalization(ms).

input size mask size GPU CPU
21*21 42.00 182.68
320*240 31%31 76.27 293.77
41*41 122.99 457.74
21*%21 166.79 698.63
640*480 31*31 305.83 1189.51
41%41 497.50 1805.25
21*%21 401.82 1855.65
1024*768 31#31 756.66 3077.21
41*%41 1246.88 472021
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(a) Original input image

(b) Local HE result by GPU
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Fig. 5. Result image of load histogram equalization.

(c) Local HE result by CPU
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Fig. 6. Load profiling of histogram equalization.
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