


FE21EELHE (25524148 )
2016558168

rRES R HAT
FREERRZIAARFZFERETI
FRERHR I O HATY
FRSZiz AT

RIS EA
RE (PEERERZER) 1255, 990
HAEBEATIMEER CNKIZF £
ErhhR, FRTUSIEXERISE(FRAR
B, ATUERBE R BAE
H, FREAS, REITE, FEHEHE
VARt 750 (e -

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.

PIDBEBAF B

Fl AT RiE

AR (19965617 )

EEBRM PEMFR

EDBRE PERFRERSH TR
TEEREEER
IERN YIRSt B AR

 #®

wmiELIR (TEEREEZR) BELRERS
HRBYEFE 1b=9718(5/4

HB #® 100101

BFEFE jig@radiac.cn

B i& 010-64807995

P HE www.gjig.cn

FEEEWENE RP LA FH03615

B2 R 7 t=RTATE

T 18 =ESHEE

BMRT PEEFEPRZERERAT
(BBELEHE: JLR399(EH  HR4w: 100048)

ENRIZET JLRRHEENRIBIRAS

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

Editor, Publisher Editorial and Publishing Board of Journal of
Image and Graphics

P.0.Box 9718, Beijing, P.R.China

Zip code 100101

E-mail jig@radi.ac.cn

Telephone 010-64807995

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

EMEITHS M1406
ERHR&LS 82-831
EREMN 60.007T



FRANEEER MK
BB HEREA(55556)

B SRR IR AV 34E

FREBMMXRITE(SE
6281)

A SRR E BRI RS
SR/ I B PR RSN 3E HBE
4(5646T)

2016558 %$21% %5 (S2524188)

PEEREL R B

Zhongguo Tuxiang Tuxing Xuebao

REEZIR: 2015

BB oottt ettt ettt ettt ettt ettt et ne 533

ES[ERISER T
EFRMNBUtAdaboost BiriRER

E‘g—ﬁ, EE}E ........................................................................................................... 544
FRANBEERHENENEGED HREX
TRED, BRABAR . BEYLET overeereerrrrrereeeieeie et eie e oot e e e s e et s e e e e se e e e e see e 556

BG5S HRFNIRA
B IR RN E A f A RRIRS

(FAE4E, ZSHBRN, YFERL, BEBL, TEBEHE e oreoeerreeireiieie ettt 565
KERENEENEXEBRBMNERSE

AR, SFEEEE corvereeeert oottt 574
FEORBESHE BRI

BEMRTE, AFITIES -voeerrereerresreere e ettt ettt ae e 588

EGIERRATEN R
HRESHMANNEREEERN

2 SEE, EEA, OB, FEEE, TR e 595
HEXEN S ESTHEGEZ N

KIBZR, DD, B, FOUSE, BREEFT e 605
AU BIR0 B R PUEC B ARIRER

SUKT, XUTTZE, BBIETE «vvvvvvrrrerere i 616

IHENERZ
RS IHEIA R LI RAVSHF IR A N R R

= = S - P UUN 628
— RN IR SR E M BRI
XURE, B9, BRBSEZS, ST, I coooooerrrmmr e 636

EZFEGaE
ERARINEENFRFINOMERBEINE DRI
WELF, 15E, RHE, EFE, B, Bl vrerrrerrremrremremene e 646

ERREIGAE
BEEERE R E RE G A AT

AT, NS, FTEIL, B ccceereerrrrerterimi e 657
Ky tiEEGEMER MR RS T
AE, BRIE, ZSEUPH, TEEBEE, BKTLER «ooooovvvveeerrrrmnreeeeiiiiieee e s eiiee e e e e e e e e 665

ETHERHNTEDIHRSART BRI ERXIZE
WREES, BE, THIF, XUSTE, HEF, K oo 674



Volume 21, Number 5
Published May 16, 2016

CONTENTS

JOURNAL OF IMAGE AND GRAPHICS

Review
Image engineering in China: 2015
Zhang YUJIN  cooeeniiiniiiiiiiii ittt st et 533

Image Processing and Coding

Object-tracking method based on improved cost-sensitive Adaboost

XUE Yizhe, WANQ TUO +++++eeeseennnnnnmmmmmmmmittttitiitiittt ettt 544
Image super-resolution using two-channel convolutional neural networks

Xu Ran, Zhang Junge, Huang Kaiqi «++-++««++«esssverreeermmmmiiieeeiiiiiiece e 556

Image super-resolution using Image Analysis and Recognition

two-channel  convolutional Face recognition method based on local mean pattern description and

neural networks(P556) double weighted decision fusion for classification

Ren Fuiji, Li Yangiu, Xu Liangfeng, Hu Min, Wang Xiaohua.--.«-.c.eeeueeieiiiiiiiiiinnn.. 565
K-steps stabilization based on automatic clustering of shoeprint images

Wang Xinnian, Shu Yingying ..................................................................................... 574
Moving object detection using improved Gaussian mixture models based

on spatial constraint
Dong Junning, Yang (03 2 1T 588

Object level saliency detection by hierarchical information fusion

e I Image Understanding and Computer Vision
‘ Li Bo, Jin Lianbao, Cao Junjie, Leng Chengcai, Lu Chunyuan, Su Zhixun «-......ceceeueeeee 393

aa A & Image saliency detection using regional covariance analysis

Zhang Xudong, Lyu Yanyan, Miao Yongwei, Hao Pengyi, Chen Jiazhou -----«-+--cceeeenenenee. 605
Foreground discrimination in local model-matching tracking
Liu Daqian, |_|u Wanjun, Fe| Bowen ............................................................................ 616

Calculation of correspondences
between three-dimensional
isometric shapes with the use Computer Graphics
of a fused feature descriptor Calculation of correspondences between three-dimensional isometric shapes
(P628) with the use of a fused feature descriptor
Yang Jun, Yan Han, Wang Maozh@ng «+-««-««+sseseesseesseesenienieniiaienienieeie st 628
Weighted rational interpolation spline surfaces and local constraint control

Liu Zhi, Xiao Kai, Chen Xiaoyan, Jiang Ping, Xie Jin -« ccoooeviiiiiii, 636

Medical Image Processing

External elastic membrane border detection based on sequential learning and

prior shape information for intravascular ultrasound images

Lin Mudan, Yang Feng, Liang Shujun, Zhao Haisheng, Huang Zheng, Cui Kai -++--+--++--+--++ 646

Remote Sensing Image Processing
Inshore ship detection method in optical remote sensing images using local
salient characteristics

Li Xuan, Liu Yunging, Bian Chunjiang, Mao Bonian -+«-«+«-+cceeeeeieiniiiii 657

External elastic membrane

Analysis of factors influencing clarity of hyper spectral images in long time series
Shang Ren, Hei Baoqin, Li Shengyang, Qin Bangyong, Zhang Jiuxing ««---«---eeeeeeeeeeeeee 665
Variogram-based rural build-up area extraction from middle and high resolution

border detection based on
for intravascular ultrasound

images(P646) SAR images

Lin Chenxi, Zhou Yi, Wang Shixin, Liu Wenliang, Tian Ye, Zhang Yannan --------ccsceeeeeeeene 674



E-mail: jig@radi.ac.cn PEEBREFEIR 565

Website: www.cjig.cn JOURNAL OF IMAGE AND GRAPHICS
Tel: 010-64807995 O FEERERFRIRINAE

hEESES: TP391.5  XEERIAAE: A XEHS: 1006-8961(2016)05-565-09

35 A3 : Ren F J,Li Y Q,Xu L F,Hu M, Wang X H. Face recognition method based on local mean pattern description and double weighted deci-
sion fusion for classification[ J]. Journal of Image and Graphics,2016,21(5) :565-573. [ {-4&4% , Z5Ha Mk , 7F BLRL, B, TEEAE . Ry sipaaliiik
FORIIAL A B N 1], o E 5 R 241, 2016 ,21(5) :565-573. ][ DOI; 10. 11834/jig. 20160504 ]

B #R 8 5 3 1R FA X AN A Ak & B9 A B 1R A

TRk, FHMNK, WRR, HAG, T
LA TR B (5 B, S 230009
2. HERHE 5 S LA O T 050, AT 230009

 ZE: BR X LBP B 4 R M (5 B LR, 3R —Fh G — 1k 0y R TR B A AN (ULMP) 53R 5 .
2 [ 2 Ry AR BB AEAE TR b B BN, 3t —Fh ULMP 38 FOSUIMA Rl & R EON ik . ik B eI
ULMP B3 A5 S IR G R m s e, e K HL o B, it — - By B 7 RS Ry BB SO URRAIE , T 456 BP & M)
HAFRN KR, B ASHEABRBOR R FHAUE , X R 2825 R T ImAEL & o IR SRRHE 1Y 3R BUZ
PR T B 7 BIFFIE SRR . TEAR 8IS/ MR FE 0 2 2545 5 B P B IR 1, R A BRI 45 R . &R
fE ORL Fl Yale A JE 4T 505% , ULMP BRI AN ERE . 5 IRIIRAE A, 78 ORL JE_LERAR T 95.9% HY°F
B0, 4330 Lo SRt (A (LBP) MCT | J& &R 75 45X (LGP) (48— LBP(ULBP) F1 5y &8 .0 —{H A= (CS-
LBP) & 11.3% .10.6% 9.5% 8.9% F113.9% ; 7F Yale i FHUE T 97. 4% ByiR 5%, 4551 1t LBP MCT LGP, ULBP
F1 CSLBP 5 19.9% \17.7% .10.7% F10.7% . 7¥ ORL Hl Yale AJi % L, 4% SCHR S A RUMAL Rl A B 40 3 B T
98.5% Fl1 98.34% [ FIPUNZ, |\ FAEM B —AiE, 4518 ASCHR SRR IR L ULMP, BLAT R 47 (19 37 1 1
PRGN GAF B RE 8 T I SCRRAE A PR B . I = BTSRRI ALAEL Y J 5k RE A8 A g b 2 2 Ry 38 43 IS 2 )
PSR, LA RO AR = T RV TERE . BUIIA Rl G488 202 —FIog o H A 00 AR 307 vk, 38 A T
AN B A DE LU

FERIA A 5 R BRI A BUMAL Rl 5 BT

Face recognition method based on local mean pattern description and
double weighted decision fusion for classification

Ren Fuji, Li Yanqiu, Xu Liangfeng, Hu Min, Wang Xiaohua
1. School of Computer and Information, Hefei University of Technology, Hefei 230009, China;
2. Affective Computing and Advanced Intelligent Machines Anhui Key Laboratory, Hefei 230009, China

Abstract: Objective The LBP (local binary pattern) algorithm is sensitive to edge and noise. Thus, this study proposes a
new algorithm called uniform local mean pattern (ULMP). Considering the complementarity of global and local features on
recognition, this study proposes a face recognition method based on ULMP description and double weighted decision fusion
for classification. Method First, we use the ULMP algorithm to derive the code diagram of the entire image. The concrete

steps to obtain the eight binary codes are implemented by comparing the eight average pixels with the center pixel. Each of
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the eight values is obtained by computing the average pixels of the eight directions, three horizontal directions, three verti-
cal directions, and two diagonal directions. Each binary code is multiplied by the corresponding weight coefficient and then
added to derive the ULMP coding value of the center pixel and the code pattern of the entire image. Then, the code diagram
is divided into equal sub-blocks and each sub-block histogram is assessed to determine the local texture features. The global
texture feature is obtained by connecting the histogram of different sub-block features. To emphasize the importance of dif-
ferent sub-blocks in the final recognition, this study introduces the cloud model and structure-based classifiers by construc-
ting sub-image sets to obtain the weight of each sub-block. In the testing phase, each block of the statistical characteristics
of a test sample is combined with the BP neural network to determine the posterior probability of each category. We use the
weights calculated by the cloud model fused with the linear weighted decision to derive the local classification results. After
obtaining the results of local and global classification, we conducted weighted integration to obtain the final recognition re-
sults. Result The experimental results on the ORL and Yale face database show that the ULMP exhibits good recognition
performance. The average recognition rate is 95. 9% on the ORL database with five test samples. The proposed approach
increases the recognition rate of LBP, MCT ( modified census transform) , LGP (local gradient patterns) , ULBP, and CS-
LBP by 11.3% , 10.6% , 9.5% , 8.9% , and 3.9% , respectively. The average recognition rate is 97.4% on the Yale
database with five test samples. The proposed approach increases the recognition rate of LBP, MCT, LGP, ULBP, and CS-
LBP by 18.9% , 17.7% , 17.1% , 10. 7% , and 0. 7% , respectively. At the same time, the double weighted decision fu-
sion pattern proposed in this study obtained the average recognition rates of 98.5% and 98.34% on ORL and Yale data-
base, respectively. These rates are higher than any single module. Conclusion In this study, a new texture extraction algo-
rithm called ULMP is proposed. The ULMP has a good effect on smoothing noise and edge information and can achieve a
high recognition rate. The ULMP is suitable for extracting facial features. At the same time, the method employs the cloud
model to derive the weights that can better develop the integration between the local classifiers. Ultimately, the ULMP im-
proves the overall performance of the system and obtains a higher recognition rate. The ULMP is compared with other meth-
ods to verify its validity. Results show that the double weighted fusion model is a precise and effective method for face rec-
ognition.

Key words: face recognition; local mean pattern (LMP) ; double weighted decision fusion; cloud model
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Table 1 Percentage error rates between different algorithms for different databases

PN;is . YIGRFEALL

b Sk 2 3 4 5 6 7 8 9
LBp" 26.6 23.9 18.3 15.4 11.7 8.2 6.5 5.0
McTH! 25.3 23.1 17.5 14.7 10.3 7.4 5.8 4.4

ORL LGP 25.0 22.5 16.9 13.6 9.9 6.3 4.8 4.1
ULBP 23.75 21.7 16.3 13.0 9.6 6.1 4.7 3.9
CSLBp' ! 20.6 16.1 11.7 8 4.4 3.3 1.3 2.5
ULMP 20.8 12.1 8.0 4.1 2:8 3.0 1.8 1.5
LBp'! 31.1 27.2 24.8 21.5 15.6 12.2 10.3 6.6
mcTH! 30.6 26.5 24.4 20.3 15.5 11.7 9.4 5.2

Ve LGP 29.4 25.9 23.1 19.7 13.9 10.1 8.3 4.8
ULBP 22.2 20.8 19.0 13.3 9.3 8.3 8.8 6.7
CSLBPM 7.4 4.2 3.8 3.3 5.3 6.7 8.9 10
ULMP 2.2 1.9 2.3 2.6 2.7 3 2.2 2.5
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Fig. 5 The comparison of recognition rate based on
local and cloud weighted fusion ( (a) ORL face database;
(b) Yale face database)
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Fig. 6  Effect of weight distribution on recognition rate
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