'Y
A EHEE B
Uy B \aw

JOuRNAL OF IMAGE AND GRAPHICS

F73: HEREFRER SRR
FEERERFFE
IERRRYIR S E S FEARAR

2020

-W0L.25-




255500 (5528987 )
202058 16H

FRESmRTEHHATI
R EERRZIAARTEFEARERT
FREF M O HAT
FR3Z A% O HATY

RIS EA
R ( PEERERZER ) 1215, 1990
BRBEFTIMLER CNKIZFEZH R
EEihR, FRTUEIEXEIRISEFRAR
B, ATIFEE R BRYfE
H, FrERS, REIFE, e
AR5 ER

Copyright
All rights reserved by Journal of

Image and Graphics, Institute
of Remote Sensing and Digital
Earth, CAS. The content
(including but not limited text,
photo, etc) published in this
journal is for non-commercial
use.

SRR Z A

Tl T Rt ‘ BT (1996581F) )

EEBU PEREFER

EHEfM PERFRERSH IR
TEEREREER
IERM ARSI BN

* & miTk

RIEBHR (TEEREFRSFER) HELRERS
BEtt JE=HeEX IR AR 195

BE 4% 100190

BFEfE jig@radi.ac.cn

2] i& 010-58887035

P HE www.cjig.cn

I"ERHBICS IR BF201702185

B &R 7 ItRRIAITE

T 18 2ESHE

BINRTT PEERERRZERAGRAT
(HBBUEHE: IR0/  HB4w: 100048)

ENRIERLT JEREHEEIRIBIRAS)

Journal of Image and Graphics
Title inscription: Song Jian | Monthly, Started in 1996

Superintended by Chinese Academy of Sciences
Sponsored by Institute of Remote Sensing and Digital Earth, CAS
China Society of Image and Graphics
Institute of Applied Physics and Computational Mathematics

Editor-in-Chief Gu Xingfa
Editor, Publisher Editorial and Publishing Board of Journal of
Image and Graphics

Address No. 19, North 4" Ring Road West, Haidian District,
Beijing, P. R. China

Zip code 100190

E-mail jig@radi.ac.cn

Telephone 010-58887035

Website www.cjig.cn

Distributed by Beijing Bureau for Distribution of Newspapers and Journals
Domestic All Local Post Offices in China
Overseas China International Book Trading Corporation
(P.O.Box 399, Beijing 100048,P.R.China))
Printed by Beijing Kexin Printing Co., Ltd.

CN 11-3758/TB
ISSN 1006-8961
CODEN ZTTXFZ

E5M &S M1406
E RS 82-831
EAREMN 60.007T



ZHHEG D EIVese—Chant&
BRI A(5E 0926TR)

RIS BRISMERNEAAR
EXEREE(F10190)

WS ER R WL
RIS B REBIE X 5 El
(51043m)

2020558 25255 H0H (25528987)

PEBRERFR 5 )%

Zhongguo Tuxiang Tuxing Xuebao

FEUR

SR BERERRMAT AR S

%;ﬁw ;(UHH_%—E’ ?:E .............................................................................................................. 0851
REEZIRE: 2019

ﬁ@ﬁ% .................................................................................................................................... 0864

BG4 BN

RS HHEVCIRE E4E16 T

SRIETE, BB, TEEE oot e 0879
BEEEGTRNBEGR SIS

SE, BGHF, BT ceereereereereeresresresset sttt 0890
EENEERIEBINR

FTAS, EEESER, SBEE, 258, KEETT, SUSIED wweereerereerememmmmesneiniiniinisseiseiseisessessessessesseane 0900

Elf& o thFiRz!
EBENETHHRIEN D E

g&$§¢ﬁ7 5%”1%7 ‘i“@%ﬁ ....................................................................................................... 0913
ZHEEG D EIVese-ChantEBE R KR 5%

T, SBIRER, BB, 1RTFER oo s 0926
SEEERENNHINZS B2 AT AERE

*B‘%, *}F;7 D«}\&, EEW7 7&3%*4( ......................................................................................... 0936
SNWRBLERNRMETABRS]

VOES, FHER, TR, P, FHEE e 0946
EERMEBLIRG X

NIETE, Z=706F, ZZEL, XN, JEHHZE oo 0956
MRS Y Ve R P NS S S

FETEFE, BRAEBE oooveresesesiseseiiiiiiistsistststs st sttt s sts sttt sttt et e e s 0967

EGIEREFIT BN
B NERA R RES FERESPNet

ST BRETHE, FIRIEE cvevvereereereeressessesnetnet sttt 0977
FEEREE LESANHMICIZMBONTDEER

|§£ﬁ£’ }'{\J?;E—_h ...................................................................................................................... 0993
BREEGTIRSECHRERNTS T EIIE

EIFEE, I, NUTHE, QR reerereereereresresneisesstististi sttt 1007

IHEERZE
(RIS KB BRI SHEN B R RS

VEREHE . IFHE, TBIBUR, BEAERE e 1019
EFERLE

LB A BB R %

BRIANR, BREZSE, FHR, Z5BE, PHLE, TD cvervrererermmmmmmeeeststsi s 1032

ERERE
WS EIRHE MB AR XERRERIE L 2 E

B, BRI, EEHRIT, ZEBEBE ettt 1043
Al & RRBRICAISEMBRFINNZIEE B S 2
3335;‘3:‘:’ %%4;/1(’ YUEE ........................................................................................................... 1053

HEE F ARINAZ K RISHURE AR



Volume 25, Number 5
Published May 16, 2020

CONTENTS

JOURNAL OF IMAGE AND GRAPHICS

Continuous max-flow method for
multiphase segmentation Vese-

Chan model(P0926)

AT

Efficient 3D animation shape
manipulation with region
smoothness preservation(P1019)

Semantic segmentation of urban
remote sensing image based
on optimized tree structure
convolutional neural network

(P1043)

Scholar View
Progress and challenges in the fusion of multisource spatial-spectral remote sensing images
Xiao Liang, LIU Pengfei, |_| Heng ............................................................................................ 0851

Review
Image engineering in China: 2019
Zhang YUjin ............................................................................................................................ 0864

Image Processing and Coding
Detection of double compression for HEVC videos with the same coding parameters

Pan Pengfei, YaO Ye, Wang HUl ............................................................................................... 0879
Motion deblurring method based on DenseNets

WU Dl, Zhao Hongtian, Zheng Shlbao .................................................................................... 0890
Image Hash retrieval with DenseNet

Wang Yage, Kang Xiaodong, Guo Jun, Li bo, Zhang Huali, Liu Hanging -:«:--sseseeeeeeeessneeeneeess 0900

Image Analysis and Recognition
Domain adaptation for semantic segmentation based on adaption learning rate

Zhang Guimei’ Pan GUOfeng, LIU Jianxin ............................................................................... 0913
Continuous max-flow method for multiphase segmentation Vese-Chan model

Wang Jie, Pan Zhenkuan, Wel Weibo’ XU Zisen ..................................................................... 0926
Improving person re-identification by attention and multi-attributes

Zheng Xin, Lin Lan, Ye Mao, Wang |_|, He Chun"n .................................................................. 0936
Multi-resolution feature attention fusion method for person re-identification

Shen Qing, Tian Chang, Wang Jiabao, Jiao Shanshan, DU Lin ceeerererenenmneniiiiiiiiiiii. 0946
Power line recognition method via fully convolutional network

Liu Jiawei, Li Yuanxiang, Gong Zheng, Liu Xingang, Zhou YONgjun «:««sssesesesseesseensenesnennnienes 0956
Artimage classification with double kernel squeeze-and-excitation neural network

Yang Xiuqin, Zhang HUaXiOng ................................................................................................ 0967

Image Understanding and Computer Vision
Snap Pyramid Network: Real-time complex scene detecting system

Ll XinZe, Zhang XUanXiOng, Chen Sheng ............................................................................... 0977
Visual question answering model based on bottom-up attention and memory network
Yan RUyU, LlU XUeliang .......................................................................................................... 0993

Stitching of parametric-free images based on coordinated image transformation and seam-line ge-
neration
Gao Jiongli, Wu Jun, Liu Qichang, Xu Gang -« ssseesssssiiiie 1007

Computer Graphics
Efficient 3D animation shape manipulation with region smoothness preservation
Xian Chuhua, Yang Yu, Huang Junxian, Li GUIGING «++«-«+seeeesesreneesmmmniiininiiiines 1019

Medical Image Processing

Feature detection algorithm of musculoskeletal ultrasound image and its application of image stit-
ching

Yan Huanhuan, Zhang Peizhen, Wang Yinong, Li Xuan, Yang Wei, Wang Qing «:--««-«ssxeseeeeeee 1032

Remote Sensing Image Processing

Semantic segmentation of urban remote sensing image based on optimized tree structure convolu-
tional neural network

Hu Wei, Gao Bochuan, Huang Zhenhang, Li RUIFUi «+:+++esseseseeessmntssisitinniisiicisnes 1043
Ensemble extreme learning machine with cumulative variation quotient for hyperspectral image clas-
sification

Yin Yuping, Wei Lin, Liu WANJUN e 1053



E-mail: jig@radi.ac.cn EP%EHZ?;E

Website: www.cjig.cn JOURNAL OF IMAGE AND GRAPHICS
Tel: 010-58887035 OHEERERZFRRINAE

HREESES.TPI09  XEFRIEE: A CEHS . 1006-8961(2020)05-0879-11

X5 A : Pan P F, Yao Y and Wang H. 2020. Detection of double compression for HEVC videos with the same coding parameters. Journal of Image
and Graphics,25(05) :0879-0889 (¥R M5 ., Wkk , £ 2%, 2020. A [5] 4 fih 2 % HEVC A8 E e 4 r . b [ P 42 JBE 2 41, 25.(05) - 0879-0889)
[ DOI:10. 11834/jig. 190381 ]

HE %S HEVC #55 E [E 4842

R dh, £ E

BN LT RHPOR A W 25 23 [ 22 224 e, T 310018

@ OE: BRI RS U IBOIE B R i A B T Be. HR, AN [R) G 5 2 BOHE AT H 4 1) v 8O0 A i )
(high efficiency video coding, HEVC) #4518 Hs 4 o il 0 2 IG5 i I MR 32, 1006110 J5 R P AR R] A 2 8806 406 1o
h HEVC AT i 4 B R AR AR 5/ R XE R A, b, S 8 FE AR ) 4hi i 2 50T i T (U5 & T R Ll 199
PP R N . ik Te2id ZUCHIR S 2 8R40 5, aT AWLEE ST AY Jot & 1 AN A2, ) AL 03 o o
I REAR B AT LDy B A AR R AR O, AR S T T SR e AR (intra-coded picture prediction unit mode,
IPUM) F1 P i B2 7e 455K ( predicted picture prediction unit mode , PPUM ) Wi SHATARAE , B4 SIAA T MURI P i (1
SERESYRECY) SR H. T (prediction unit, PU) AR MFFINALAF & HC IPUM Al PPUM AL 4 HEVC B
AR A 2 48 3 IR, BRI FRFFIE . 3 T 1T P b AR [a] RS 1) PU B AR 25 50K, i BB 32 1Y
PU VERGETHRHE . Geit- V35— TP WIEAR RO 25 n ARG o+ 1 IRIEAEASIR] 1 PU BEK, H4 A 6 4E4F
AEAE X A S 5 ) &L (support vector machine, SVM) #E474302%, &8 A EAE CIF( common intermediate format )
Hdla g 720p FHEEE (1 080p Hidha 4 iy F- K A I E A 132 23 1) K 95. 45% ,94. 8% ,95.53% o TEA[F] Y & 4 ( group
of pictures, GOP) FMTMBR (15 00 N WA A BAF RN, G518 ATy B FITEAH [F) 07 B % 2 48 A [/ 1) PU
B ECR B S U N R, B B i MERR E , HAEAS RS OL B 8RR M.

SRERIF A AIIBCUE WA 20 5 o 8O A 2 2 5 AR T) 20 8 2580 o e s T SR ¢

Detection of double compression for HEVC videos
with the same coding parameters

Pan Pengfei, Yao Ye, Wang Hui
School of Cyberspace, Hangzhou Dianzi University, Hangzhou 310018, China

Abstract: Objective Multimedia forensics and copyright protection have become hot issues in the society. The widespread
use of portable cameras, mobile phones, and surveillance cameras has led to an explosive growth in the amount of digital
video data. Although people enjoy the convenience given by the popularity of digital multimedia, they also experience con-
siderable security problems. Double compression for digital video file is a necessary procedure for malicious video content
modification. The detection for double compression is also an important auxiliary measure for video content forensics. Con-
tent-tampered video inevitably undergo two or more re-compression operations. If the video test is judged to have undergone
multiple re-compressions, it is more likely to undergo content tampering operation. At present, high efficiency video coding

(HEVC) video double compression detection with different coding parameters achieves high accuracy. However, in the
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compression process with the same coding parameters, the trace of HEVC video double compression is very small and the
detection is considerably more difficult. For most attackers, their concern is focused on the modification of video content.
With the video stream containing the video parameter set and the image parameter set, the video editing software generally
uses the same parameters for re-compression as default setting. This study proposes a detection algorithm for video double
compression with the same coding parameters. The proposed algorithm is based on the video quality degradation mecha-
nism. Method After multiple compression times with the same coding parameters, the video quality tends to be unchanged.
The single compressed and double compressed videos can be distinguished by the degree of video quality degradation. Video
coding is based on rate-distortion optimization to balance the bitrate and distortion to choose the optimal parameters for the
encoder. When the video is compressed with the same coding parameters, the trace of video re-compression operations is
extremely little because of the slight changes in division mode of the coding unit to the prediction unit (PU) and the little
influence on the distribution of PU size type. Thus, the double compression with the same parameters is more difficult to
detect. Given that the transform quantization coding process of each coding unit is independent, the quantization error and
its distribution characteristics are independent, too. The discontinuous boundaries of adjacent blocks will affect the mode
selection of intra-prediction. In the process of motion compensation prediction, the predicted values of adjacent blocks come
from different positions of different images, which results in the numerical discontinuity of the predicted residual at the
block boundary. It will affect the selection of motion vectors predicted between frames and reference pictures. This study
proposes a detection algorithm based on two kinds of video features ; the I frame PU mode (intra-coded picture prediction unit
mode, IPUM) and the P frame PU mode ( predicted picture prediction unit mode, PPUM) . These video features are extrac-
ted from the luminance component (Y) in I frame and P frame, respectively. First, the IPUM and PPUM features are extrac-
ted from the tested HEVC videos. Then, the video is compressed three times with the same coding parameters. In this study,
the above features are repetitively extracted for each compressing time. A larger number of PU should be selected as the sta-
tistical feature because the numbers of PU of different sizes in I frame and P frame are quite different. Finally, the average
different PU modes of the nth compression and the (n + 1) th compression of each I frame and P frame at the same posi-
tion are counted to form a 6-dimensional feature set, which is sent to a support vector machine (SVM) for classification.
Result The experiment is composed of three resolution video sets; common intermediate format ( CIF) (352 x 288 pixels) ,
720p (1 280 x 720 pixels), and 1 080p (1 920 x 1 080 pixels) . To increase the number of video samples, each test
sequence is clipped into smaller video clips. Each video clip contains 100 frames. If the video exceeds 1 000 frames, only
the first 1 000 frames are considered to generate the samples in our experiments. Accordingly, a total of 132 CIF-video
sequence segments, 87 720p-video sequence segments, and 98 1080p-video sequence segments are obtained. For each set,
4/5 positive samples and their corresponding negative samples are randomly selected as the training set, while the rest are
used as the test set. The binary classification is applied by using the SVM classifier with radial basis function kernel. The
optimized parameters, gamma and cost, are determined by using grid search with fivefold cross validation. The final detec-
tion accuracy values are collected by averaging the accuracy results from 30 repetitions of the experimental test, where the
training and testing data are randomly selected for each time. Considering the computational complexity of the experiment,
the repetition of re-compression for each experimental test is especially important. With the increase in the times of re-com-
pression, the computational complexity of video encoding and decoding will increase linearly. However, the classification
accuracy is not significantly improved. Thus, the repetition of re-compression is finally adjusted to three. The average detec-
tion accuracies for the different video test datasets, CIF, 720p, and 1 080p, are 95.45% , 94. 8% , and 95.53% , respec-
tively. In addition, video compression is usually affected by coding parameters. Group of pictures ( GOP) is the basic cod-
ing unit of video compression. The interval of GOP has a significant impact on video quality owing to the error propagation
in the inter-coding process. In the CIF dataset, the detection accuracy of this method with different GOP reaches more than
90% . With the increase of GOP, the detection accuracy will decline slightly. The final experimental test is regarding frame
deletion, which is a common operation of video tampering. In the CIF dataset, the detection accuracy of video re-compres-
sion with 10 consecutive deleted frames can maintain above 88% , which means the proposed method is robust to frame dele-
tion. Conclusion In this study, the law of video quality degradation is revealed by the changed number of different PU modes in the

same position of I frame and P frame. In sum, our proposed method clearly performs well in different test situations. The detection
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accuracy of the proposed method can reach high rates of different GOP settings, video resolutions, and frame deletion rate.

Key words: video forensics; double video compression; high efficiency video coding (HEVC) ; the same coding parame-

ters; quality degradation; prediction unit (PU)
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distortion, RD) fUHr BB SLBUXT 4534~ PU B it A 131

I e , HARN BRBCR R
min J, J = D(md) + A, R(md) (1)
A, md REWH B, D(md) | R(md) 35
FErR R AN [w] ot A F03000 A5 =X Psf 1) 2R R LL R
Aa RIS H PR e DI AR A 00 A 2R e 2k
AN B/ MR
W ) ST 4 PU 7 A R A s Sl T A 5
REANCRRE . 785 BR300l i A v, LA A eR AT
eH
min J, J = DFD(mt) + AR, (mt) (2)
A, me RFEIZ L, DFD(me) JR A Rz 5l
BN s s AR R 22, R, (me) Shiz 3% A
KERGBIRE SHEEBRI SEIIIRG])
Pl LR, A, APLAR B H - S fidh 2 2 £
iz S, A R BOA B b/ ME
2.2 FRETRENE
H T i AR A ik 2 B ) 28 6 RO T
B, Z2 W AR g i TSR TR, IR0 o
RS, T ST H R 2R DUAH R S S AU
AR LA AL 5T B 1 A8 A O, AR OB 132 4> CIF
I3 BEERY 100 W YUV FR3 V), LA SR g gnh
HEVC # U 48 A Ry , 45 By fEES4 YUV 75
V. ORIE A AR [R] 1 2 5 2 0tk A7 2 R 46 5 il
o ®JGHAE YUV FS IV, I n =127}, fff
FH R AR AT RS S5 1) YUV 250 V) 5 n B4R
WSS YUV J$51 V, 2Z [8] (B {5 1 L ( peak
signal-to-noise ratio, PSNR ) B & L4 i 2 5 4k, o m
Jy PSNR(V,,V,) o UHERE Y Jr&,132 4
YUV - PSNR {HUNE 4 i, QP h b 2450, 78
LR RAR Z 5 , U BT AN R R, BN R
JET V%%, M, A4 o i T R i) i 2 T LA IX 43
LR A5 AAURD B 4 A
2.3 HFEIREX
IR R AL 2 BB G S I, CTU AR R 2K
Hab A% 4 CULTE CU py5Ea 3 47 PU Rl 73 A1
T, U G A 35t B A HRVE IR CTU R 43 . PU
X173 B 0 IR o3 P B RSB T 2 29 Z2 YR [R]
SR R 4 4R, PU 1 23 K w5 =08 T3
JE , AR 22 7 4 F SO T R, WU LA 8
IR FHRARAS U R o it TS . PR, AR R TR
RS n ELE R 0 + 1 IRIESIR S AR 9 PU
B, AT DA E A Al )RR, SR T X 93 B He 4 IR
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K4 S f FAH ) bt 2 85 R 4 5 DUABT itk 1) A2 1k
Fig.4 Variation of video quality after continuous

recompressions with the same coding parameters

I A, O Tk PU RS, A SCHe iy IPUM
A1 PPUM 73 Jl ik 1t P iy PU IRZS

TEGAS IR, PU B R AnER 1 s o,
T B PU RS A S ot o 3K, i o ] 35 300
PU RS A4 B A SRR FIAS X AR I 3G 25 i

*1 25%# HEVC PU R~f
Table 1 List of twenty-five PU sizes in HEVC

KA RGP/EER || KA RGP/ || K8 RV R

1 64 x 64 10 32 x64 19 16 x8

2 32 x32 11 32 x24 20 16 x4

3 16 x 16 12 32x16 21 12 x 16
4 8 x8 13 32 x8 22 8 x16
5 4 x4 14 24 x32 23 8 x4

6 64 x48 15 16 x 64 24 4 x16
7 64 x32 16 16 x32 25 4 x8

8 64 x 16 17 8 x32

9 48 x 64 18 16 x12

DA ] P 2 1 2 0 i AT, A4 o s 4 14 45
VEIRGE /N, A 2 CU 2 PU A9 37375 30, RIEXS
PU RUFRBIR p A W AN K o 1 T 48 A G i g
B A AR LS, A B G AR AR ZE R
INFIOI AR L ST, S BOH AR AN ZE B
Mt A T R e . U b, d Bl A TN o A
o, FHAR B A TTIN(ER AN [ R AR B AN TR A XA
S ECTIN Gk 25 A B S A BB AN T 25, 557 W it
[ FE 4 32 3 ok B S 25 T T i e . B |
it P iR AR RSE (9 PU BCREAH 22 80K, B e HORR
2N PUAEIGETHRAE . 132 AR 45 L

g A — Tt P U AN ) )OS B PU B i &) 5
L6 Fron e A5 Dt REEGR 1 F R,
3~5WPU7E P iwirp, RSP KRN 1 ~ 5,
18 ~25 KJPU,

600 mm 0P =20
mm QP =30
500 w1 QP = 40
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= _
S
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=
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0 —_ mm II
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IiPUZEHY
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Fig.5 Number of PUs per I frame
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Fig.6  Number of PUs per P frame
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IPUM 5g LK
IPUM(PU) = {IPU,,PU,}
{IPUS e {85,5,,55] (3)
PU, e {m, ,my, - ,my!

K, IPU AR Tt PU (RS, A 3 Fpd, PU,
J& PU AW N FASE S, 247 35 b, 78 1wtk , 24 H.
24 PU RS PU ot oy B0 A AR ]I, PU A J T
[f]— PU #L3,

P it PU K PPUM & CH

PPUM(PU) =
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{PPU_,PU | PU RJiNER (Mode_Intra)
{{PPUS,MV} PU R[] #5528 ( Mode_Inter)
PPU, € {5, 55,818, +855 |
{PU,H e {m,,my, -+, myl (4)
MV = {(V,.,V,.V)I V. V.,V eZi
K, PUARER Pt PU B S50 S Y 6 456 ot oAy 482
(Mode_Intra ) Wi [i] 45 X ( Mode _Inter ) I Bk i 5
(Mode_Skip) . Bk #5078 HMB. 0 Z J5 & Al
M. PPU, R P T PU [ RSF, 26 13 Rl AL,
MV Rz W28 RS RG| V., izgi k& V, fil
V, o TE P Wi AEAE PR TN, 24 PU, 2 Mode_
Tra I, 24 HALY PU RSE (PU ot oy $0300 46 5 AH [
B, PU A J@ TRl — PU #5224 PU, Sy Mode_Inter
I, 24 HAL Y PU R a2 3h 2 80 A s A& T [8]—
PU #2:,

WARAH R & PU TEZS n IRIESE AT n + 1 1K
IE4s BA AR 9 PU B, 2% PU 7E56 n 46 %
Iggefase g, I, 3% PU g7z, 72 P i,
CU 3| PU FEAEA XS FR 0 1, it G &2 31580, Hid
AL PU AL, Bilhn, 2 CU #2r#1 o 12 x
16 fRZE M4 x 16 BRI PU LR 12 x 16 R FR 1Y
PU L W, TEn RIESEFI 0 + 1 IESEIG , V-1
T Ty 28 e iy

CI, = NL > M(PU™ PUY ) (5)
T tx,y

K, N R TWUREL, PUL™ FORALT 4 ¢ Wi,
y)BLE S n PSR TR
B2, DL IE R B0E SN
M(PU, ,PU,, ) =
1 IPUM(PU,) # IPUM(PU,,,)
{0 IPUM(PU,) = IPUM(PU..,)
[ B, P2 5 — P s fe g CP, RS
A (S) M (6) ML o, Ny By N, N, O P it
SN DEIC eR ZC b s IPUM 45 PPUM BT
2.4 BEESR
£ BRI AR T WOFD Pty PU BCCAZ A AT LA
o B AW T R 8 I R P T X 70 B4 T 447 B
AERUAI . A SCH Y Y R R A A I B ik Y B D BR
wmr:
1) Rk ARy HEVC R A% YUV 251 vV,
AR T T, POisE Y sr Ry PUL RRE B

(6)

IPUM,PPUM,

2) EARIR ZR S ZH0k V, B IS
YUV FHV, o0 = 1,2, KA3RI4CT M, P i
SEEEY 4raeiy PU, AU TPUM, PPUM,,

3) s H(5) FIX(6) T T4 — Tt P
PU, #1 PU, ,, ZBIW 2 AE CT, #1 CP,

4) T i th) 3 K 4R foow = [CIL,
CL, -+, CI ], [FI3, N P Wity K 4ERFTELR fopon =
[CP,,CP,,-+,CP ] 554 LIRMIES ) 1 3 fe 245
MEER feoms = [fiwun ofooum ] o

5) BERFOELE foown AR FEHLE (a library
for support vector machines, LIBSVM) ( Chang #/I Lin,
2011) #4702

3 XWHERSHH

WAL Jia 8N (2016) | Elrowayati 55 A
(2017 ) 48 3 S35 23 S R AT S TRl IR F SR 7R AN
] GOP ANl (AT 3 3% 258 . it 5% 25 552 B 15 0 T 19
SRR
3.1 XWigE

S FEALES 3 AR A3 BRI AR 4 « CIF,
720p i1 1 080p, A KJFH M ZHAE BT =%
PSR SR T G IAATARE A B, A K 51 B A
AR B, A Be RAL % 100 i, 5 P45 ot
1.000 g, ) H 59 g 10 A R B, d e 345 132 4
CIF #4551 - B, 87 /> 720p LA 51 - Be il 98
A~ 1 080p MLAAF 91 B H T 8B 2 BUARUR 3R A X
Ak YUVA20P, {ii F FFmpeg 1& 28 YUV420p , it
ARSI Y J3 B 1R 22 . 16 g B 3 [A] | A4 2
A HM16. 6 BLE W3R 2 firR, Z0d — IR i 1s
BB R AR L IEFEAS | 2820 B YR Gt ) 75 )
Y R4 bR e A, PR CIF s SR 204
IESAREA 264 4>, 720p Bdla b b ik SAREAIL 174 4,
1 080p ¥iffadE th iE i AEATE 196 1,

PR i S8 T UROAH [] 2 B 2 530 PU RS, o e ¢
Gt R A LIBSVM Jp28irh . X T4 4 B i
AL BEALESE 4/5 1Y IEREA RN Z X0 W 1 S AR AR
VERINGREE , IR FEAAE DX S, Xf T LIBSVM
ArRAs PR In) 3% RSN (radial basis function, RBF)
VE R R B, I HARAT 5 A5 38 SURAIE , Ve N A% 1) B
HZ 8 (gamma Fl cost) , FALHEIFEEE 30 K,
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%2 HMI6. 6 FRIJBHEIESHEE
Table 2 Main parameter configuration of HM16. 6 encoder

L IEE 2 i
Fi & SC {4 configuration files  encoder_lowdelay_P_main. cfg
i>% FrameRate 25
i Mi%L FramesToBeEncoded 100
it P JE 47 IntraPeriod 3
GOP %/)\ GOPSize 4

FRURAR M T 253 T 4 o 56 1 M B, 1D
AR = (TPR + TNR) /2 (7)

K, AR FoRKINAERf B, TPR = TP/ (TP + FN) |
TNR = TN/(TN + FP) . TP .FN 45367 B 16 4
RS 4328 Ay B R 45 | 71 455 0 A ) BE AR K, TN FP
53 27 T AR AU 432k B P 406 | PR 446 AR 1Y)
3.2 KipEE

S T EER SR AL T S A R R 4 A
HHG ¥ A— TiviRn P i PU ASfL 50, %
JERNSL IR AT B A b K EBUE AR W . W
K7 fros 1 CIF Budfa 5 QP 435y 20,3040 1,
K 2 ) 3 mf, e B A 4R . K R 3 i, 5K
IR A BIR R RS . IR RIRE K B34,
PRSI B2 S A A 1) 3103 52 2% P b S Mk s, R
Sy HERG RE B = 0T R 3 TR, FE SR RS
K BB N 3,

100

98+
96 -

|

WETRBE /%
® o O O
AN K O N

S
=
T

0P=20
— QP =30
—a- QP =40

® ®
S
8o T

Bl 7 ORI K IR 45
Fig. 7 Results of different K values
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RH R, BRTHEQP = 32,34 I FREAE oo REIUHER
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Fig.8 Results on different feature sets
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DVE S ASCE IR AL T Jia 55 A (2016) B35 F1
Elrowayati 5 A (2017) 5% . Jia 55 A (2016 ) 535X
PO L ZEPI IR R4 4 x 4 PU Bt 19 72 10 s (B
O3 AR KAEE 32 AR N 25 i 52, T L3 AE
AR TR % 22 P I R 46 1) PU A8E X, 2 G B 76 2K
FLAS AU I 45 5 o Elrowayati 5§ A (2017 ) 553k
FRAE PU Tl 5 = F0 o 5% 22 R 800 B AH G, XF
Lo T WiAEAR [ & PU 284k, 8 B{E 2 o fooms B
TEARAN T B2 P i A2 4k, AR B0 7 00 T 2 T
RS E
3.5 A[E GOPiZE

PS4 38 2 1VF 2 5 2 B0 ), R A
(GOP) SR s 4 M B A g 0 . 7E CIF $idin
PEE GOP Jy 12,16,20,24

£ 4 BoR TORIE GOP ryf I MR B, e GOP
HYER, MER B2 A i BEAIR, X2 K B E GOP [y
o, Tt SRS A R, (AR SCAR R SR R
FRIILEAE , RATE R R B K&l 40 B fE
T2 GOP &I T R 90% LAF EAK SR BEZE S
144 87% LA I
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R3 TR E

Table 3 Detection accuracy of different algorithms

/%
‘ HILSH
Bk
20 22 24 26 30 32 34 36 38 40 Sy
Jia 2 A (2016) 85.98 83.71 81.82 73.11 72.73 65.91 67.8 66.67 68.56 71.59 71.97 = 74.21
Elrowayati 25 N (2017) 88.64 84.47 84.09 79.55 80.3 79.17 79.55 78.41 79.17 77.65 75.38 80. 68
P 3's 98.27 95.9 97.12 97.18 97.44 95.64 94.74 94.87 93.59 92.82 92.44 95.45

T L A B8 e (o

x4 AR GOP Byl =
Table 4 Detection accuracy of different GOP

/%
RS
Kl {52
24 28 32 36 40

GOP12 95.58 95.13 95.45 93.21 90. 06
GOP16 96.41 97.56 99.36 91.22 90. 90
GOP20 94.36 95.77 92.37 91.54 90. 64
GOP24 94.68 95.38 95.71  92.69 87.24

3.6 Ml BR R AE o PR

5 SR MU R KA A [R] o3 B3 MU 4 S B 45
Heo WUMERZ AR b foe W IR HR AT A 132 4
100 MyTBAL 1 248 W8 AR 5 ) B8 YUV e ) Bl AL B 12
S0 10 T, P8 FH AR [R] Fr) 23 1% 2 s 4 o 90 i TR
FEGERo . T LA, SRS 2 E R T 88%
VA SR 0 W B R AT — 5 Bk o R
AR SR T AR T AU B 14 22 1 10 i, T it P
AT R Rl o ] S AZ AR M LA

x5 WIMBRIRMEFD 720p F1 1 080p LS5 B 4G N AE 1 FE
Table 5 Detection accuracy of frame detection

operation and 720p,1 080p videos

/%
LS
BRE|
24 28 32 36 40 M
Wi 55 93.46 83.91 88.59 91.22 85.26 88.49
720p WA 92.45 94.71 95.59 94.51 96.76 94.80

1 080p HLAT 90.53 96.75 97.46 96.14 96.75 95.53

HEVC 5 75 A 2 1 DU 2 % 503 ]
WLl AE 720p A1 1 080p HY 43 B4R LA L kAT 5K
K, nT AR PSR I R 3 501 v T 94% H195% , B

A T ARG A

4% %
ARSI T I 2 2 O R s 2 SR A )
Ji TR O T U S R A AL
s, R FUUATREAE TPUM F0 PPUM 7 AH [ {7 &
BRI AR, S T — Bl [F] 4 15 2 %% HEVC
MU e A A B A 80T o DT R BE T i
7 AR FCRIRS A 1 PR 5RE, AS SZ BTN 25 1Y
SR o SCIRA R AR ST AR 050 HE R A
EYJRA BRI ER R . A FEA R Y GOP
BCE WU BRI B 1 00T R A B R B FER
KA TAES KB oA PR RS PU SRR, (R
FERUE 81 P it o EE K, HL P it PU RS B 2
o [R5 K B 22 1 T R i o A R 2 A T
L BN Ak 22 AR AR TU Kl oy 26, vl /D B3k
SBT3 77 5 AR ARG AR
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Bff 3% ( Appendix)

ARSCH KA T RIESIAE

HEVC Test Model: https://heve. hhi. fraunho-
fer. de/svn/ svn_HEVCSoftware/

FFmpeg : http ; //ffmpeg. org/download. html

ASCHRA YUV J5 5130k 3 #8 % : hups://
media. xiph. org /video/dert/

CIF #L53 E YUV ¥ 51 44 Bk Ko S akiyo 300,
bowing 300, bridge _close 2001, bridge _far 2101, bus
150, city 300, coastguard 300, container 300, deadline
1374 ,flower 250 ,football (b) 260 ,foreman 300, galle-
on 360, hall_monitor 300, harbour 600 , highway 2000,
husky 250 ,ice 240 , intros 360 , mobile 300, mother_

daughter 300, news 300, pamphlet 300, paris 1065 ,sign
_irene 540, silent 300, soccer 300, students 1007 , tem-
pete 260, vtclnw 360, washde 360, waterfall 260

720p PSR YUV 5351 24 Bk S %L - ducks_take
_off 500, FourPeople 600 ,in_to_tree 500, Johnny 600,
KristenAndSara 600 , mobcal 504 ,old_town_cross 500,
park_joy 500, parkrun 504, shields 504, sintel _trailer
1253, stockholm 604, vidyol 600, vidyo3 600, vidyo4
600

1080p 45 i YUV 5 51 44 Bk S T %% : aspen
570, blue _sky 217, controlled _burn 570, crowd _run
500, dinner 950, factory 1339, life 825, pedestrian_area
375, red _kayak 570, riverbed 250, rush _field _ cuts
570 ,rush_hour 500, snow_mnt 570, speed _bag 570,
station2 313, sunflower 500, touchdown_pass 570, trac-
tor 690 , west_wind_easy 570
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