Journal of The Korea Society of Computer and Information www.ksci.re.kr
Vol. 20 No. 7, pp. 9-16, July 2015 http://dx.doi.org/10.9708/jksci.2015.20.7.009

CUDA based parallel design of a shot change detection
algorithm using frame segmentation and object movement

Seung-Hyun Kim*, Joon-Goo Lee **, Doo-Sung Hwang ***

Abstract

This paper proposes the parallel design of a shot change detection algorithm using frame
segmentation and moving blocks. In the proposed approach, the high parallel processing components,
such as frame histogram calculation, block histogram calculation, Otsu threshold setting function,
frame moving operation, and block histogram comparison, are designed in parallel for NVIDIA GPU. In
order to minimize memory access delay time and guarantee fast computation, the output of a GPU
kernel becomes the input data of another kernel in a pipeline way using the shared memory of GPU.
In addition, the optimal sizes of CUDA processing blocks and threads are estimated through the prior
experiments. In the experimental test of the proposed shot change detection algorithm, the detection
rate of the GPU based parallel algorithm is the same as that of the CPU based algorithm, but the
average of processing time speeds up about 6~8 times.
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Fig. 1. The proposed shot change detection

algorithm

2. GPU based parallel design
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kernel histo_for_frame(Mat frame, Hist rst ){

Index 7 = blockldx.x * blockDimx +
threadldx.x;
shared memory sub_hist [256 ] = {0 };
atomicAdd(&sub_hist [frame [11], 1 );
__syncthreads();
if(threadldx.x < 256 )X
atomicAdd(&rst [threadldx.x],

sub_hist [threadldx.x]);

Fig. 2. CUDA kernel histo_for_frame() calculating a
frame histogram
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kernel histo_for_block(Mat frame, block Hist rst
[BxB.]{
Index 7 = blockldx.x * blockDim.x + threadldx.x;
Offset offset = blockDim.x;
shared memory sub_hist [256] = {0};
atomicAdd(&sub_hist [frameld], 1 );
block Index blkidx = (y/Y,)*B, + (x/X,);
__syncthreads();
loop p from threadldx.x to 256
atomicAdd(&rst [blkildx * 256 + threadldx.x],
sub_hist [threadldx.x]);
p += offset;

Fig. 3. CUDA kernel histo_for_block() calculating a
block histogram
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kernel set_threshold_by_Otsu(Hist src, Otsu rst,
Size size){
float Wb, WI Mb, Mt, Vb, VI, WCV;
loop ¢ from O to 256
if(# < threadldx.x){
Wb += srcltl;
Mb += (¢t * srclt]);
Vb += (pow(¢t - Mb, 2 ) * srclt]);
}
else{
Wb += sreltl;
Mb += (¢ * srcle]);
Vb += (pow(t = Mb, 2 ) * srclt]);

}
Mb = Mb / Wb, Mf= Mt/ WE
Wb = Wb / size;  Wf= Wt/ size;
Vb = Vb / size; V= Vf/ size;
WCV = Wb+ Vb + Wf* VI,
rst = WCV;

Fig. 4. CUDA kernel computing Otsu threshold
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kernel move_for_frame(Mat src, Mat rso{
Index 7 = blockldx.x * blockDim.x + threadldx.x;
Num mvKow = blockRow * X;
Num mvCol = blockCol * \;
Index mvidx = (blockldx.x + mvRow )
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rstlmvidx] = srtlil;

Fig. 6. CUDA kernel move_for_frame() for frame move
operations
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kernel compare_blocks(Hist /ist,
Hist mv_hist[5], Num sum[5]){

Index 7 = blockldx.x * blockDim.x + threadldx.x;
shared memory compl5][256];
loop b from O to 4

compl b] [threadldx.x] = abs(Aist/1-mv_hist[b][1]);

atomicAdd(& suml b] [blockldx.x],

compl bl [threadldx.x]);

Fig. 7. CUDA kernel compare_blocks() comparing block
histogram
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Table 2. The processing time comparison of block
versus thread sizes (unit : ms)

7d 7hAIS}

=5 2El= joa?gﬁh # e1_|i||7_+
28,800 8 7,095 1.42
14,400 16 3,917 0.78
7,200 32 2,265 0.45
3,600 64 1,342 0.27
1,800 128 1,102 0.22

450 512 1,212 0.24

640 360 1,138 0.23

e A 2~ 1289 W 7MY F& a8 Bglon,
64 o]E= 2 Aol7k gldth Aol AME-El GPURI GTX
480> CUDAY] H|Zn|(Fermi)*+Z2=2 AA o] 2712 =7}
Y EES 2AEY 317] wiEelt). wEkd CUDA 8= 2l
o] A e 59 2U=E el A3 4] A
712 AAsieich WERE AAE 72 GPU Ade] Ayrzt &
7 Ade ® 3% 19 8ol AAg

140000 Sequential
' Parallel

120000

100000

80000

Processing time

60000

40000

20000 =

0 \ Al \ Al
y 4 \g‘ﬂ o o “\g‘ﬂ o Q\\g‘ﬂ &
@ g o

& ¢ e’ % )
o @ %‘a“\e gb‘(\ %\od"

Kernel

Fig. 8. The processing time comparison for CUDA kernel



14 Journal of The Korea Society of Computer and Information

Table 3. The processing time and speed—-up ratio for
CUDA kernels (unit : ms)

7l

4 (D& B ANFLH
G = RX%0.2994+ GX0.587+ BXx0.114

21 (Dol G gray,
oltt. GPU #AY u¥

OpenCvel cvtColor()

AEAE 2T A 2F A8 g9A4 ga

o

[e)

171.

£ red, G+ green, B+ blue %
xR Ws Fe7 9l
AALS H

FEAS A

[¢}

i 59 28 95 Fal AAIF

Table 5. The processing time comparison of CPU

versus GPU (unit : ms)
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proposed parallel design algorithm
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V. Conclusion
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Fig. 9. The processing time comparison of CPU versus GPU
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