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Abstract

As the number of high—density videos increase, parallel processing approaches are necessary to process a large-scale of
video data. When a processing method of video data requires thousands of simple operations, GPU-based parallel
processing is preferred to CPU-based parallel processing by way of reducing the time and space complexities of a given
computation problem. This paper studies the parallel design and implementation of a shot-boundary detection algorithm.
The proposed shot-boundary detection algorithm uses pixel brightness comparisons and global histogram data among the
blocks of frames, and the computation of these data is characterized with the high parallelism for the related operations. In
order to maximize these operations in parallel, the computations of the pixel brightness and histogram are designed in
parallel and implemented in NVIDIA GPU. The GPU-based shot detection method is tested with 10 videos from the set of
videos in National Archive of Korea. In experiments, the detection rate is similar but the computation time is about 10
time faster to that of the CPU-based algorithm.
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3. A shot boundary detection algorithm.
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kernel compBIlk(Mat src, Vec rst){

Index h, w, y, x;

Size frameWidth, blockWidth, blockHeight;

initialize frameWidth, blockWidth, blockHeight;

Num sum=0;

h=blockldx+blockHeight;

loop y from h to (h+blockHeight) step 1
w=(y*frameWidth)+(threadldx+blockWidth);
loop x from w to (w+blockWidth) step 1

sum=sumt+source[x];
rstli]=(sum/(blockWidth+blockHeight))+100; }
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kernel histogram(Mat src, Hist rst){
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Table 1. Test Videos.
IEE o & | A% S
V1 5,000 21
V2 5,000 50
V3 5,000 47
V4 5,000 46
V5 5,000 36
V6 5,000 48
V7 5,000 43
V8 5,000 50
V9 5,000 40
V10 5,000 47
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(EH2] = 9) Table 3. Time difference of parallel and sequential

Table 2. Processing time by block and thread size. processing.
5 | 2¥9= | AgARE | CPU GPU T HEAy | =AA H] &
57,600 6 39.62 271.35 12.27 ZH] 26.62 28.35 1.07
23,040 15 33.21 2750 5.71 7] Bt 115 11.02 9.58
11,520 30 29.66 24.33 533 E5 7t Ao 1.21 9.39 776
5,760 60 28.44 26.28 2.16 S| AETH 414 5.87 142
2,380 120 28.33 26.24 2.09 AA 33.66 54.90 1.63
1,440 240 28.27 26.19 2.08
480 720 2821 26.71 150 B9 5 Ao] At BES #xF A Wy v
3 oF 90%7HA &7t Ik Sl AR A4t
CUDAS| A% wejel A9 27] 20tk e 3% 4% dakel 2d=s AHaSels B7aa e
£ ago] golAu, 60 olFHEE Z Aol7} Atk o) wlol ddsls Wzeld wEAow Hoey] o
webd] Qlele] ANS bS] ah7] 98 Batke] A R WEAe] WSl GPUZ AUR B854 ¥
AR AS zu=st BE59 5 747 Z9le TR s 3 Asol A FHA I
A& AolZ vt s 2EaHE ALkste B 2 B2 g HuE 93 71Ee duZEy 3 A7
=9 25¢ 247 sagade) we) ok Zade Al Ao auFE 9E A AL SnelFS 47 A9
& dojo|t}, |2EIH vl AY =9 55 sted 3 4o YepIdn) #llEo] AsAY AA Ee
77k glze) A7)s) slaEafe] N9 5 fEZ= 4 Fhdjeke] olge] & A kA ARk o] g3t FA g
i 2 A3 Sum Reductionol A& 7F2 Wk 4= Saate old AL domAr QAL =4 U
Aol A4 shatrel AU FAeA 2A=E THS  uvh $9F 9ol diste] A9A 2RI 4w
W, A2 g Fae] A9 A HA I Akstd HE b ALg-SHH AR AAZE SAS = H) 7 w2 S
2 E5Y 2UEE 47 13 AR Zol2 It Adgo] vokth Aot dug]Fe 7 A9l sk
AR 20 e At ndFS £ AU P ggen Ade wF legor, RwdHom
S g A wHow A7 AFsiglon, 74 REit F-measure”} 3| 2E13 7|9 Bul= oF 10%, 32 7]
AZre S48 & 300 UERleh 8 A9jel= CPUY Wb BrhE oF 40%7F FAE AT AR SaelFe] &
&7 A7) Aol golne & Aolg wolA gk Avwat WAswe wme A vH|E o] Holi
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Table 4. Comparison of detection rate.
aw GES shas ARt =4 Al ¥E
pre rec F-m pre rec F-m pre rec F-m pre rec F-m
V1 0.82 0.86 0.84 0.58 1.00 0.74 0.88 1.00 0.93 0.88 1.00 0.93
V2 0.92 0.90 0.91 0.37 0.94 0.53 0.87 0.94 0.90 0.87 0.94 0.90
V3 0.95 0.89 0.92 0.60 0.89 0.72 0.96 0.98 097 0.96 0.98 0.97
V4 0.85 0.76 0.80 041 0.89 0.56 0.34 0.89 0.86 0.84 0.89 0.86
V5 0.70 0.86 0.78 0.21 0.86 0.34 0.94 0.94 0.94 0.94 094 0.94
V6 0.95 0.83 0.89 0.39 0.92 0.55 0.92 0.98 0.95 0.92 0.96 0.94
V7 0.97 0.34 0.90 0.21 1.00 0.34 0.98 0.93 0.95 0.98 0.93 0.95
V8 0.93 0.74 0.82 051 0.96 0.67 0.88 0.88 0.88 0.88 0.88 0.88
V9 0.90 0.68 0.77 0.25 0.88 0.39 0.90 0.85 0.87 0.90 0.85 0.87
V10 0.78 0.83 0.80 0.47 0.98 0.63 0.86 1.00 0.92 0.86 1.00 0.92
Hat 0.88 0.82 0.34 0.40 0.93 0.55 0.90 094 0.92 0.90 0.94 0.92

(322)



20144 28 MX3E =2X M 51 E A 2 &
Journal of The Institute of Electronics and Information Engineers

V.2 &

AQreh= AF AA B2 daelse dFe] dolE <
S o g 3] wlito] CUDAE o] &3 #E HdAE
3l A £ e A=tk a&FQl BEst
2 98 ¢ B2 =R A4s £F &= SIMD T
z9 EES Adste] ®Es) st GPUS CPURHY
dlolE] oS A3t shlon, o vlie e AHES
Sl AT ARRE GEAZTE A WE AAE
3l Aot W Ve duEEy 92 At
Atglom Hof 1081¢] £ FdS Bk B A9
A7 diFe] A Fge s W92 TR 2
g g QIthE e A AA 94 gatE]Fed = CUDA
£ o] &3t HEAY AAE AL F IS Aotk

REFERENCES
[1] Jinhui Yuan, Huiyi Wang, Lan Xian, Wujie

Zheng, Jianmin Li, Fuzong Li, Bo Zhang, “A
Formal Study of Shot Boundary Detection,”
IEEE Trans. on Circuits and Systems for Video
Technology, Vol. 17, No. 2, pp. 168-186, Feb.
2007.

J. G. Han, Y. S. Ko, S. H Suh, S. H Ha,
“Performance Enhancement of Scaling Filter and
Transcorder using CUDA”, Journal of Korean
Institute of Information Scientists and Engineers,
Vol. 16, No. 4, pp. 507-511, Apr. 2010.

NVIDIA, NVIDIA Manufacturing Day 2013,
[online] Available:https://registration.gputechconf.c
om/form/session-listing

H. J. Jhang, A. Kankanhalli S. W. Smoliar,
“Automatic Partitioning of Full-Motion Video,”
Multimedia Systems, Vol. 1, No. 1, pp. 10-28,
June 1993.

Xiaoquan Yi, Nam Ling, “Fast Pixel-Based
Video Scene Change Detection,” IEEE Int.
Symposium on Circuits and Systems, Vol. 4, pp.
3443-3446, May 2005

A. Nagasaka, Y. Tanaka, “Automatic Video
Indexing and Full-Video Search for Object
Appearances,” IFIP  Proceeding of Visual
Database Systems, pp. 113-127, 1992.

Y. W. Han, S. I. Cheong, S. J. Kim, S. Y. Lee,
S. H. Kim, “Improving Histogram Scene Change
Detection Method Using Motion  Vector,”
Proceedings of Fall Conf. on Korean Institute of
Information Scientists and Engineers, Vol. 26,

[7]

83
Vol. 51, NO. 2, February 2014

No. 2, pp. 410-412, Oct. 1999

B. H. Shekar, K. Holla K. Raghurama, Kumari

M. Sharmila, “Video Cut Detection Using

Chromaticity Histogram,” Int. Journal of Machine

Intelligence, Vol. 3, No. 4, pp. 371-375, Dec. 2011

Z. Cernekova, C. Kotropoulos, I Pitas, “Video

Shot Segmentation Using Singular Value

Decomposition,” Proc. 2003 IEEE Int. Conf.

Multimedia and Expo, Baltimore, Maryland, Vol.

2, pp. 301 - 304, July 2003.

[10] Privadarshinee Adhikari, Neeta Gargote, Jyothi
Digge, B. G. Hogade, “Abrupt Scene Change
Detection,” World Academy of S, cience,
Engineering and Technology 42 2008, No. 18, pp.
711-716, June 2008.

[11]R. Zabih, J. Miller, K. Mai, “A Feature-based
Algorithm for Detecting and Classification
Production effects,” ACM Multimedia System,
Vol. 7, No. 1, pp. 119 - 128, March 1999.

[12] Robert A. Joyce, “Temporal Segmentation of
Video using Frame and Histogram-Space,” IEEE
Trans. on Multimedia, Vol. 8, No. 1, pp.
130-140, Feb. 2006.

[13] Matsumoto,  Kazunori, = “SVM-Based  Shot
Boundary Detection with a Novel Feature,” IEEE
Int. Conf. on Multimedia and Expo, pp.
1837-1840, July 2006.

[14]1J. K. Jin, J. H. Cho, J. H Jeong, “Fast Scene
Change  Detection Using  Macro  Block
Information and Spatio-temporal Histogram,”
The Institute of Electronics Engineers of Korea,
Vol. 48 No. 1, pp. 141-148, Jan. 2011.

[15] NVIDIA, CUDA C Best Practices Guide, [online]
Available:http://docs.nvidia.com/cuda/cuda-c-best
—practices—guide/index . html

[16] David B. Kirk, Wenmei W. Hwu, Programming
Massively  Parallel  Processors:A  Hands-on
Approach, Elsevier, pp. 99-103, 2010.

[17] Jason Sanders, Edward Kandrot, CUDA By
Example An Introduction to General-Purpose
GPU Programming, Addison Wesley, pp. 79-81,
2010.

[18] Pablo Toharia, Oscar D. Robles, Ricardo Suarez,
Jose Luis Bosque, Luis Pastor, “Shot Boundary
Detection Using Zernike Moments In Multi-GPU
Multi-CPU  Architectures,” Journal of Parallel
and Distributed Computing, Vol. 72, No. 9, pp.
1127-1133, sep. 2012.

[19] 1. S. Jeong, O. J. Kwon, “Video Shot Boundary
Detection using Relative Difference between
Frames,” Optical Engineering, Vol. 42, No. 3,
pp.604-605, March 2003.

[9]



84 X EA "R Lug 59

[20] Shane Cook, CUDA Programming A Developer’s
Computing with GPUs,

Guide to Parallel
Elsevier, pp. 97-103, 2013.

o+ 9

WS IR
of & F(s}E ) 4 & sl(EE )
20123 o8t 2013 o) 8t
37 E 7S 2H (S A - 756 7} 8- 2} (5 3D
2014 @=ro) gt 2 20134 ~ & A et

AR L83 54 AL

<F A FEof Image Processing, Parallel

Processing, Machine Learning>

7T 8 2HIY)

1987d 7 S djgu

A2 A e g EFAL

o gk

~2 A2kt o] 844 A}

‘ h 200011 Wayne State University
o AFE &I FskakaL

AAl (F)Adetoln]A iz oAb

<FBAIEoF : Motion Analysis, 3D/2D image

registration, (medical) image processing>

19924

e sk (M AR

<F A FoF : Image Processing>
2 F 84HIY)

o] 84}

o8} 41 A}

20031 Wayne State University
AFH A &kl
W e ARG Rag
W FF oty Rl
<F @A FoF : Machine Learning, Parallel

Processing, Semantic Web>




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


