5
Q
=
4
f
i
&
o
&




F25EF8H (R5E29281)
2020£8816H

FRERS R AT
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 (19965F6IH))

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"ERHEICS PR 55201702185

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



TR AT YIRS E TR R
(81513®)

EEEEDBIRIERRIE
Y5EI(51627X)

RLHHE T ZiBiEMetropolis
FEBRIEHE(551658)

2020588 25255 88 (=25529287)

DEERERFE H )R

Zhongguo Tuxiang Tuxing Xuebao

LESTS
TR HEIRIREATRER
BSTEE [GIEREE, JITER cveoveeveoreoreeee ettt 1513
SIESEMHRBURABX N SRk
FHEED, SUTRES, EYFETT corverververesresmmsmmsressetsti sttt bbb 1529
E& st FniRE
FELTIEAFEEN T EN AR
TR BIEFER . T coveverereeeee e 1539
TRRSEHRNBNREDERIEIRE
g I 17 QR v SO 1551
FHE—E LIRS B iR &
FEIE, FERUTEY, FWBJI[HE wereereereereeressesmmssessesses sttt sttt 1558
1B EHEEIRANSHERME TR

FETE, BUFBED coovererreeeree e 1567
‘E.‘IM%@AJ%DEMM%E@éﬂi*ﬁgﬁéﬁ{%’fﬁ?
BT, SUBE, (TBEZR, NUFUZE, ZEEEFL wreorereororsoromsomiomiomiomieniesi et st 1578

EGIRRET SRR
R 7 RE R E R A AU

;él, j”%% ......................................................................................................................... 1591
BEZERGIMESRRERRBHNEGEA

gA—L’ _&E_:?_Ui ...................................................................................................................... 1604

Haar-like$S X EAdaboost ABE1E

SUTBRR, SREE, FILEPK, Torff oorreromesemssomsssensssss st 1618

EEERNVHNNERIBENDE

BB, S, SRUSIS, RTD, DIBEE, BRI ettt 1627

BEIANTHZREBGHS

NUFE], BEEES, FEREG woeeeeeerssss 1637

ZF MR ENSERA RS RHETRZEE L

BROIST, ESRGE, JEE, BT corererrerrerrereeres sttt 1649

ITENERZE

RIS T Z @I MetropolisYEIRIEE

BIPRSES, BXUEH, XUSEER, TSI veoverrereeresressessessessessts sttt sttt 1658

& DNNSAABB-R G E S BhbiEa

MBS, T2IBE, KT, STRR, SOfE, TEPR oo 1674

EFEGLEE

[EAEREN N iSRS AR AN B

BRYGTE, FUGEITE -ervererrerremoee ettt 1684

HEERMERONEI THERS 2

I, SRARBE, MUET eereereereeresressessesstssttsttsts st ts bbb 1695

RIS IE R DS M BEIFE R B 3IR B 5728
BRTFHR, SUBH, SEfEEIT coveereereersersersemsemtemsent et ettt bbb bbb bbb 1708



Volume 25, Number 8
Published August 16, 2020

CONTENTS

JOURNAL OF IMAGE AND GRAPHICS

Research progress of neural fiber

tracking(P1513)

Two-path semantic segmentation
algorithm combining attention
mechanism(P1627)

Improved multiplexed Metropolis
light transport based on fusion

mutation strategy(P1658)

Review

Research progress of neural fiber tracking

L| Mao, He Jianzhong, Feng Yuanjing .................................................................................... 151 3
Extraction and relevance evaluation for multimodal biometric features

Yang Xuehe’ Llu Huanxi, XiaO Jlanll ....................................................................................... 1529

Image Analysis and Recognition
Parametric 3D body modeling and view-invariant abnormal gait recognition

LUO Jian, Ll Mengxia’ LUO Shiguang ...................................................................................... 1539
Extended pointwise convolution network model for point cloud classification and segmentation
Zhang Xin"ang’ FU Chen”n’ ZhaO Yunji .................................................................................. 1551
Video object segmentation algorithm based on consistent features

Zheng Yu, Chen Yadang, Hao Chu@nyan <« e 1558

Landmark recognition based on ArcFace loss and multiple feature fusion

MaO XUeyU, Peng Yanbing ..................................................................................................... 1567
Fine-grained shoe image retrieval by part detection and semantic network

Chen Qian, Liu Li, Fu Xiaodong, Liu Lijun, Huang Qingsong ««««:seeseeeseseessssesessssnisensnnes 1578

Image Understanding and Computer Vision

Image generation from scene graph with graph attention network

Lan Hong, LlU any| ............................................................................................................... 1591
Image caption based on causal convolutional decoding with cross-layer multi-model feature fusion

LUO Huilan, YUe Liang"ang .................................................................................................... 1604
Improved Adaboost face detection algorithm based on Haar-like feature statistics

Liu Yuxin, Zhu Yong, Sun Jiebing, Wang Yiho «---sssssse, 1618
Two-path semantic segmentation algorithm combining attention mechanism

Zhai Pengbo, Yang hao, Song Tingting, Yu Kang, Ma Longxiang, Huang Xiangsheng -+ 1627
Multi-focus image fusion with a self-learning fusion rule

Liu ZiWen, LUO Xiaoqiﬂg7 Zhang Zhancheng .......................................................................... 1637
Freeway anti-collision warning algorithm based on vehicle-road visual collaboration

Cai Chuangxin, Gao Shangbing, Zhou Jun, Huang Zihe e 1649

Computer Graphics

Improved multiplexed Metropolis light transport based on fusion mutation strategy

He Huaiqing, zhao YUZhen, LIU Haohan, Wang XU ................................................................ 1658
Self-collision detection algorithm based on fused DNN and AABB-circular bounding box

Jin Yanxia, Cheng Qifu, Zhang Jinrui, Qi Xin, Ma Bo, Jia Yao «+«+eseseerereeseenetanecneiencnnancens 1674

Medical Image Processing

Adjunctive diagnosis of ulcerative colitis under compressed sensing

Yang Haiqing, SUN Daoy@ang -« «-«-«-««sssssesestststststsemtietintiniet i 1684
Automatic classification of liver tumors by combining feature reuse and attention mechanism

Feng NUO, SONG YUQING, Litl ZN@ «weerereesreemsmimiiiiiiiiiiiiiiiii e 1695
Automatic recognition and classification of diabetic retinopathy images by combining an attention
mechanism and an efficient network

Zhang Zizhen, Liu Ming, Zhu Dgjiang <« ««sseeeressssrerisiiiiiiiiiii 1708



1684 E-mail: jig@radi.ac.cn EP%{H;?;E

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

HEESES TPl XEFRIAE: A CEES . 1006-8961(2020)08-1684-11

35| A#& R Yang H Q and Sun D Y. 2020. Adjunctive diagnosis of ulcerative colitis under compressed sensing. Journal of Image and Graphics,
25(08) :1684-1694 (17 , FME TE. 2020. 45 AT Bt 97 L 25 11 A 50 B iz . v [ P 4 B 2 41, 25(08 ) : 1684- 1694 ) [ DOL: 10. 11834/
jig. 200005 ]

FE 45 B0 T 78 5 4 225 i 25 9 B 15 B

g E, T

WL L R 5 R IR =B, U 310023

M OE: BE KRWBEBUZ IS R (ulcerative colitis, UC) FY £ 25 1 B 245 g 1) XU Wit 35 52 71, TR G 409 0 A 7
SEM BRI o3 B (H PN BB RSB EL R LA W T4, T SR SRS 1 1) P ICRAALE , oA B DA (T 155 L 1)
LW, R UC B I B R 0 43 S ) R, S 1 T — T 5 T He 4 SR 25 1) 45 7 B o AL 45 5 1) TR RPALE
RO . Ak AL F/N "5 (block recursive least squares, BRLS) JEAT 4G 7 MLl 25 i i1 Bk T e 5 0
PUHEAT U0 R 55 i e 2 S 0 S DA B, ) T T 4 SR AE 2R 578 R M 7, I E 2R G 1 R B T
i B A A 1) BEUG 43- 25 05 TR TE R T 27 BUG (TRl R, AR I &85 B R s 1) 8 M it Ak Ty 0 31 JDUHS 4 B 23 i) 4 7 3%
oAk (compressed sensing spatial pyramid pooling, CSSPP) FIRAFAE , g1 T FEAR IR 5 LA, 3145 B9 R FRAE HC A 5 2
B BN AR o i PR A% S A 1) L (support vector machine , SVM) #EAT KIS0 26, 5R X Kvasir £
PHLE Y 2 000 i BLE M 38 UG I 4y 2 25 SR B IR A MET 38 LU AR AE A% (bag of features, BoF) i 2 fith4s (] 4
FIEVLRL (sparse coding spatial pyramid matching, SCSPM ) F1 J&) 3 £ 3 28 1 4 75 ( locality-constrained linear coding,
LLC) 730l #2741 12.35% 3.99% #12.27% . 4518 ASCH MBI BHZES W R A BIZ WEAY, 258 T 40 B
23 ] A I WAL B D A5, BRAT TR L 7 vk S TR s £ P JRR g PR R 45

KR BB TS TR BIZ W7 s T4 A 5 SR DA 5 25 ) 7 Bt Ak

Adjunctive diagnosis of ulcerative colitis under compressed sensing

Yang Haiqing, Sun Daoyang
College of Information Engineering , Zhejiang University of Technology, Hangzhou 310023, China

Abstract: Objective Patients with chronic ulcerative colitis (UC) have a significantly increased risk of developing colon
cancer, and an early detection via colonoscopy is necessary. Assisted diagnosis of UC is among the computer-assisted diag-
nostic topics in medical gastrointestinal endoscopy research that aims to find reliable features for identifying lesions in intes-
tinal images. The typical endoscopic findings from UC images include loss of vascular patterns, granularity, bleeding
mucous membranes, and ulcers. UC often repeats recurrence and remission cycles during its course and may be accompa-
nied by parenteral complications. The risk of colon cancer increases when UC extensively affects the large intestine for long
periods. However, endoscopes take a large amount of intestinal images, and noise interference, such as shadows, is often
observed in these images. Therefore, accurate image features must be identified, and computer-aided diagnosis must be

provided to physicians. The extant convolutional neural networks have demonstrated extraordinary capabilities in image clas-
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sification but requires the support of large datasets and a very long training process. In sparsely coded image recognition,
sparse coding pyramid matching (SCSPM) applies selective sparse coding to extract the significant characteristics of scale-
invariant feature transform ( SIFT) descriptors for local image blocks. Sparse coding also maximizes pooling on multiple
spatial scales to combine translation and scale invariance instead of averaging the pools in the histogram. Locally constrain-
ed linear coding (LLC) refers to the rapid implementation of local coordinate coding, where local constraints are used to
project each descriptor onto a local coordinate system. However, sparse coding cannot obtain an accurate image representa-
tion. The theory of compressed sensing is based on the sparseness of the signal and uses an underdetermined random obser-
vation matrix for sampling such signal. Each measurement value is not the signal itself but a linear combination function of
multiple signals, that is, each measurement contains a small amount of information for all signals. The sparse reconstruction
algorithm is used to achieve an accurate reconstruction of signals or an approximate reconstruction with certain errors. To
solve the problems in UC and normal intestinal image classification, an image feature based on a combination of compressed
sensing and spatial pyramid pooling is proposed in this paper. Method This paper proposes compressed perceptual spatial
pyramid pooling ( CSSPP) image features. First, block recursive least squares ( BRLS) and K-singular value decomposition
(K-SVD) dictionary learning are used to train some positive and negative datasets to obtain two initial dictionaries for com-
paring the two algorithms. Second, an alternating optimization algorithm based on the UC image prior perception matrix and
sparse dictionary is developed. When finding the optimal perception matrix, the Gram matrix of the equivalent dictionary is
considered, the sparse representation error is designed as prior knowledge, and the performance of the system is tested at
different sampling rates. In dictionary optimization, the influence of the perception matrix on dictionary errors is consid-
ered, and the impact of different sparsity on classification accuracy is tested. Using the obtained sensing matrix and sparse
dictionary to obtain sparse representations of all datasets in a compressed sensing framework can address the problem where
the original image classification method based on sparse coding cannot accurately represent images. The maximum and aver-
age spatial pyramid pooling methods are then used to divide the image into 21 regions on multiple scales to extract CSSPP
features. By introducing compressed sensing, the information of sparse representation is richer and more accurate than that
of sparse coding. A linear kernel support vector machine (SVM) is used for image classification. Result The proposed
algorithm was trained on 100 UC and 100 normal images taken from the Kvasir dataset. During the training phase, the mean
square error of the dictionary obtained by BRLS training was slightly lower than that of K-SVD. The highest image restora-
tion accuracy was obtained at a sampling rate of 31. 25% . The performance of the two pooling features was examined under
different sparsity. The maximum pooling in training accuracy was significantly higher than the average. The quantitative
evaluation indicators include sensitivity, specificity, accuracy, receiver operating characferistic (ROC) curve, area under
curve (AUC) value, and time efficiency. Tests were then performed on all 2 000 datasets, and the classification results
show that the features can improve the auxiliary diagnosis of UC images. Compared with bag of features (BOF), SCSPM,
and LLC, using the SVM classification results increases the AUC values by 0. 092, 0. 035, and 0. 015, the sensitivity by
9.19% , 2.84% , and - 0.24% , the specificity by 15.52% , 5.15% , and 4.77% , and the accuracy by 12.35% ,
3.99% , and 2.27% , respectively. Compared with BOF and SCSPM, the running time was reduced by 2 164.5 and
1 455. 6 seconds, respectively. Conclusion The auxiliary diagnosis model of UC proposed in this paper combines the
advantages of compressed sensing and spatial pyramid pooling to obtain highly accurate detection results for identifying
infected images. Compressed sensing was utilized instead of sparse coding to obtain the ideal classification results. Similar
to neural networks, sufficient information is needed to train the system to obtain highly accurate results. Medical-image-
assisted diagnosis requires highly comprehensive and rich image information as criterion. Using highly comprehensive image
features to replace human subjective features presents a promising development trend. Therefore, the next goal is to provide
doctors with auxiliary diagnosis of UC in real time. Accordingly, how to increase the complexity of the algorithm and the
real-time nature of the system needs to be studied in the future.

Key words:; ulcerative colitis (UC) ; computer aided diagnosis; compressed sensing ( CS) ; alternate optimization; spatial

pyramid pooling ( SPP)
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Wtz P4 17 %6 (ulcerative colitis, UC) J&—Ff R
B VEARRR SRR SRR LRI o AR IR FUER 25 PR EE 2
BAE NG UC B R Z —, KIEAT 20
R 1 UC i35 8 AR 25 1 o 00 XU S8 2 T o
(Matsuoka 25,2018 ) , i fE 1Y 5 2% 46 2 U7 ¥ @ AR 4
I R 2 BLHEA 745 1 Ba s 25 LA A 2 UC (D’ Haens 4%,
2007) . ALY P BT BE K A 45 R A 4 i A R 2k
2, TURL R A M I A R E, LA K Bt 97 ((Travis 4,
2013).

25 i PN B 1 4 2 AR S N B e, e T
LR B UGB LK, 5 B AR B AR ORS ) -4
FRAEEIR (Li 55,2015a) , s/ TAR &I P i
PEHERRIZ W, BT et RO T LA B2 W 0N B
[ TR ( Deeba %5 ,2018 ; Zhang % ,2019) , {HJZ—i%
DA LI A A B0 0 2 L ) R P B e B L 0 5
TR (AN 1 R ), BV R — i i 15t 5 2
TH Gt B AN [F] Y 6 [ 58 (L 45,2009) , i %2
FHR IR G A FRE A5 1 RS 5% A
GHEA RERI X TR . I H LT I5 I S A T
MESRIC, SRR R IE AR A 26408 . FRIE SR HUf 45 42
Y 30 3 A6y LR A R i 2% 7 S5 A T A AR AE

Maeda 55 A\ (2019 ) £ T o #AFAEXT UC #1712 1,
T X BUG AT SO #r , SRS B RRAE A% A SCHR 1)
HH1 (support vector machine,SVM) 432548, H| I UC
Ab T TRER” B 2 A TIRAS I WA 83k 91%
M i 4 1L 3 25 A B R 8 22 3t T i 3l IR O 28
( Yuan %4£,2016,2017) , Li £ Perona (2005 ) $i& Hi 4%
fiE4% (bags of features, BoF) #6570 , 3= % JL A8 i JH]
K-means ¢ 110 AE m 7R 42 B RY 0 A R AL, 2R 4 R
B EE R E I &, B R T BB R E R
Lazebnik % A\ (2006 ) & H == 6] 4x 73 VL [ig ( spatial
pyramid matching, SPM) K54, 75 9 AN [ 3 B
HGE T o A P, AR AT R 4 R AR R AE B
Yang 25 A (2009 ) 4 H i il g £ =5[] 48 5= 85 D Fic
(sparse coding spatial pyramid patching, SCSPM ) &
L, FTRE T 5 2R O v M g R ) B o TR AR 4
SIFT ( scale-invariant feature transform ) 45 4iE , 3 7£ V|
GRUF R AS b 64T F 5 2t 1) S0EA5 A 0 0 B, SR )5 7
23 ()4 3 bR RO A AR IR AE 1) . Wang 85 A
(2010) HF 3 i bt 72 KO H 70 10 25 2 14 25030 P
UERYECT, 4 T R T 24 Rk g 1 (locality-con-
strained linear coding, LLC) , X} R 2 BT [a] 86 B B
5 & (histogram of oriented gradient, HOG ) %314k, 4R J5
TEM G i B B AR R 2 9, At 2 i i 1
AR, i i 2 A 25 A - B 91

(a) JLBE (b) <

(o) JEBERII

U I i i i R
Fig. 1 Noisy colonoscopy images ( (a) facula; (b) bubble; (¢) facula and bubble)

P 28R R AE S IR 70 25 00— AE R,
AREREAR B L (GRS T %,2018) , Ozawa
S5 N(2019) fli ] GoogleNet ZLAa et 1 LT 45 FH
22 P #% ( convolutional neural network , CNN) f{) UC &
MRS (HRN T2 S 2R, ff FH Se 4
AUEARFIXE 5 B T Ao 228 1Y) 4 B ok S K ) T 4R S
¥ (Yang Fll Bang,2019)

AR —F0 T UC BRGS0 BT R AR $2
Tk, R 3 F S 5 1Y He 48 S8 AT ( compressed sens-
ing, CS) HEZE , I 45 & 2% [A] 4 - 35 b Ak ( spatial pyra-
mid pooling , SPP) & I I& & 71 A 1] 43 B 28 1Y P AIE
56, UC 5IE% %18 754 J5 A Jey BB AA e 22 ek, )
P2 ) 4 85 BEUR 53 R 4 Jmy BB RN 22 12 1) R 1]
8, S0 b A T A5 s 1] o A R R, A CS
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DUACHR 7 5 S ADUL I R B, X Ji 38 A W s B L
BRI,

1 R4 A EAl

CS 1E R X BT i — B 552 )T ( Candes
1 Wakin ,2008 ; Duarte 1 Eldar,2011) ,CS $f RE &
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55K ( Guo 55,2019 ) F1 432 (Liu 58,2019 ) 5545
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Fig.2  Framework flow chart of ours
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G, = arg min |G, - GI; (14)
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1 i=j
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G (i,)) = i #j, ol >
(15)
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0 A, <0
RIa, gy i (16) iy—21%
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(1) [EsE w9 i OMP &tk S f ik
RLfiR
Sy = argmin (%" ,S)

s. t. ||S(:,k)H0 <K, Vk (27)
(2) FlE S, HH W
v/ = argmin o(W,S7)) (28)

(3)j—j+1 ,BHFEEIE2),
3V =P i+l
End for

4 CSSPP $31E#EEN

4.1 WHEERT
Az E BGPTSR @ T W TSR
FH D = oW Mty 7EF 8 D ERHGE R AL
s = argmin|ly - Ds}
st |sll, <K (29)
AT LA OMP SR ARIZAR M R AL
4.2 FEHEFE
UC BIMG AR F T T R B Dy i 4 452 X 4
I ROREIR TN HS 1l ) KG B6E , L 2 05097 , 7RI 42 Ja A
KR AEAE 25 5% WA A UC BB A5 B,
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3 AEETERER
Fig.3 Schematic diagram of the space pyramid ( (a) image;

(b) CS sparse representation; (c) space pyramid)
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F1& i {1k ( compressed sensing spatial pyramid poo-
ling, CSSPP) ##fF [i] & f e RSV | Wang 25 A
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HITEARIF A IR
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TP

Vi = e X 100% (30)
N )

Yo = s X 100% (31)

TRPTN «100% (32)

Y ZTP + FN + FP + TN

X, TP FN | FP F1 TN 433 3% B A% L B
PE AR PR R E B E

N T =B AR SO ROCR , 8 1TE T2
1R TAEH5 1 i 2k (receiver operating characteristic
curve, ROC) T g1 (area under curve, AUC)
5.2 ZtFEAHE
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Fig.4 Influence of error control coefficient and sampling rate on CS system ( (a) values of a; (b) values of 8; (c¢) values of M)
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Fig.5 Comparison of performance for different initial dictionaries
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Table 1 Comparison of different methods

for UC classification
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Fig.6 The effect of value of K and pooling method on accuracy
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Fig.7 Values of AUC of different methods
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