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Saliency Detection with Multi-layer Contour-Region Complementary

YANG Xing-ming, WANG Yu-ting, XIE Zhao, WU Ke-wei
(Hefei Unuversity of Technology ,Hefei ,Anhui 230009 , China)

Abstract: Inspired by Gestalt theory in psychology, we proposes a saliency detection method with multi-layer con-
tour-region characteristic by using the complementary between contour cue and appearance cue,to address the problem that
object is indiscoverable in the clutter scene, Firstly, after the image super-pixel segmentation, two kinds of appearance fea-
tures are extracted respectively,including global appearance cue based on color histogram and local contrast cues based on
the regional neighborhood relations. Secondly,in order to solve the object confusion caused by small difference in the appear-
ance ,we extract object closure feature to describe the saliency from object contour. Finally , we introduce multi-scale segmen-
tation into our model to enhance the robustness for the diversity of object size,and use the support vector machine to opti-
mize the fusion weights of contour-region cues. Experiments on ASD, MSRAI10K, SED2 datasets show that, compared to
other state-of-the-art methods, our model can improve the recall and precision measure due to the introduction of contour clo-
sure characteristic.

Key words: saliency detection ;contour closure ;multi-layer fusion ;appearance saliency ; complementary

1 5|8

NIIE ZR GAE S 2Ry s, al Ut g
BENEPTEIUA I RE X G FIF 0 HA ek PR, DUAE 4
1ol i SRR AT 55 A0 Ak BRAK R X AL oE T AL, B
PR AR R, B C 2 BT R LA L
BT O, I R R B R A AR gy
B SIS A MR R A
. FRT, SRR A 22 H AR 0 35 VA I A Bk
B, BRI PR AR, SMWLER R A O AR R RN LA
BERNRTE R e oallLTiS

Wk H 199 :2017-09-28 5 & 8] H 31 :2018-02-02 5 52 /T4 . 5

=
AT . HE ERB IS (No. 61273237, No. 61503111 )

SRR AT AHE— 25 23 4 o 2 R & R4
R IR SRR =K T R H i B VK
I AR G RS B F bR AR IR S, HL Y
T BETR 2 B 12 7 M DL Gy e I R ) 2 45
BT AR R R I s g T
1445 343 22 1) B 2 ] 06 28, L s A R 38 0] 40675 7 5 1y
R G P VR R . DR, T NS TR
TR LRI SRS T IR B 2 o 1) B A g e
PAPE G g B A X 42, I BB S e AR L0 i 5
1 FERZR B TR AR T3, AT SR A AE 52 O JR BR A i T o
IR R R R T B A L B H AR



%1

Wl T FE - DX 222 T AN ) S A 2689

DI PRI 122607 1A REAT S8 A 00 L o DX 3l Al 2 v
LA

BUA FET AN LA A7 B 5 P ARG I T 3%, ¥ LA
fip R AR AR DL, O 1A DR B 1) AL, AR SCHE K 45 48 13
AR TR RME L RIIER L, 5 & Gestalt 7
HR S R 0 A ) BRI, R T 22 RUBE BB 1R K 0y
HWFTEA LT f B2k R AN L 2R (1 AN
ST H BRI A

2 BRAREMIIUEEZ IR

2.1 ET“VR-XE”ZEEMFIERNEZ SN

RS A I J5 i AR I, A 1 R, AR
PRI M LA o 1 PR AT TR 2436 i H AR TR B
AR TRI R, AR SCHR R3S ) 2 SRR PEAE T2 (1) 9 T3
DX i A 5t SR T A - DX Js X G A T A 1
Gestalt (0o HU=2 {9 P, S0 A7 1 58 B 65 P P X AP R 2R

AR FEAE L. (2) R T A RGE W HAs R84k, %182
REERRR oy Bt 2 R, S B 6 ROBE T i %6
JE 5 PR R AR ZR 2R 1) B AME .

BT UL 2L RN B E AR T 48 - IX
B 2 2 HAMPE R R E AT LARIR Y

Sy=w, - S (b;ea,p) +w,, * S, (masb,,s) (1)

S BFE TR 2 )2 BN S E L S,
TR0 B E Ry, S, 2 T A B 3 TS
grsw, w0, o B AR B R A XA R AL E b =
[, , | AARRIRETN BERREmAES p N W
BE a=la, | ASFRETBERERES B L sig-
moid EREMFERISE G m = {m, | RAFREE T #4450
TR XN AR S i, XL E. 8, F 6, 43Il & IE
G370 R 3 ) 22 A T 4 ) 28 AR D 72
o XA TR RUEE r (8 R, A SR FHAS ) 1 Sk 35 1 7 4
RS w, TR B EWER S, MO

" IR E

v

I
I
I
|
Lo

ZRILRE
DIk i 25 ]

HIRF

JRIERAS L

-

\

\

“‘
i

!

J—

Canny i) 26

73

(RN ]

@4 %R

[l REET Y
LiyEdnE e

I

BT R LR AR
FEPER

1 BT AR 22 EAMSYERY A R



2690 H, ¥

EE ¢ 2018 4

2.2 HMGE

FEFAMILR 2 (1 35 PR I, 5 o 45 RS B it
SE A AR G0 T I, ph G 3R A T
9 DS L S, L o T R BUX M B AL H AR,
RIS T BT FRA G X I8 m i m, R M4 X 050, 4
B T B (i clr, R0 XA () B B 2, B AN 250 5
WEADAr A X380, T I 785 49 A3 of 148 2060 A 2 ]
ZEREVE 2 IA) 10 35 PEAG I 0G 25, 345 A 40 IX 480 119 J=) 5
XTECRE S, BP:

S, (m,,,m, ;35,.,8,) =N(dr,, ~dr, ;0,8,)

* N(x,,-x,,;0,8)) (2)

T XA A 2 R S PR T A R A Lk R
f 2R 2 RS, S T R B R 2R R Y 2 R
B S, B . DI, R T X R R
&S, N
S,ni(m8,.,8)% Y S, (m.,)
-8, (m,;,m,;;8,,8)S8,,(m, ), ,m eNe(m, ) (3)

F A2 (3) AT, 35 IX 1 S P T X G
R F e R IR X b LA B 2 1) B B ok 315, PR,
T XA 3 ARG I i O e e T TR A X6
F 5 W 2 A R R
2.3 HEREAN

ST T AR B 60 bR 5 1 B X AR I, A S04 b
T H BRI . 1 R R R SR e H

- B 2™
LN ! 7
Canny i1 Z -----
‘ r : -
‘ F O ﬁ ‘ | p
S e o
' : (= 4
S - . |
e m —_— O
1 2 3 4 5 6 7 X 0

U, AT ARG T 8 W P T B 5 1S 14 i R i 5 A M) 4
R, FUH sigmoid pRECIFLANE AL He L BRARIA I A, 4K 7557
SRR, ARSI g,
g.(b,;,3B) ccsigmoid(g, - ) (4)
B -1 G5tk FEA T, LA 38 I 8 H b 48 A
T B JER e PR R DX OO i A 30 ¢ 1 5 B R B D G
o2 FH A G ) 30 5 500 JRE T, SR At ik e T B RUE
MR RETES., RN

S..i(biB) <y SebB) (5

P2 LA 3 55 —AT10 9 sk A bR SR REARAR
AARIZR T 35K B PR R 1 FASAE LAk Ar,
T ZPINE 0T, B G X ERW RS RF
(B F ERROR, 2 W) 8 35 AG Iofi f. 1 2 v AR TR
B8 2k 08 70 A 19 00 LA S PR 3 B S P, 2 T e - 1X
A AE W B A .

1

o8] ~TN A
iy \
\.
. 0.6 \‘\ \\
\
0.4 \
0.2} —— Region Cues
Edge Cues
0 — —Fusion

0 2 4 6 8 10

bR
K2 XBUSIHSRPE R FeRE - EAME

E -

K3 AR E MR

2.4 ZREIM

PRI Y 53— PR R H AR RS Y A 8 I g
J1. I3 TRl LA E A R H AR R E 2 fa] ikt
LR R S M A, T A, AR SO TR RUBE T 1 6 S 75

ORFLR A I A5 R AT T, A TR R Rl B
JEAR5) g, HE TR A 2 R B PEA I 4521 S, ]I

S.(b;a,B) < Y Yoa, S, (b p)  (6)



%1

Wl T FE - DX 222 T AN ) S A 2691

Rl A AN TR ROE TR 4 Jay o LR A5 JR Bk L BE RS
BT X A TR R S, B

Srf’g(’n;a’écll’ax) = z Zar,i : Sleg,r,i<mr;5(:lr’6x)

(7)
AR Z AR YE B AR R 23 B8, Bk, >R AN [6] 43
FIZH AT LA —E R B B XTI OC R BRI Z R
JFE T3 % R HEA T o3 7 T2 5 A b M S
2.5 BEF3
AR SCRlE DX 56 8 5 1 R v, i A2 (1)
A a.Bw, w4 DERISHL MRS H w X
B PRGN 235 A B IR 0 52 0, A SR PR 1 S 1)
LGS E w, w0, GRS FELL ASD Bl 4R 1y I 25
LIRS T R UE R BB S8 w =
argminQ(w,) ,w, = (w,,w,,) , WEZRETHbR R KT S,
T BARPEAN IS AT RBIR D IR 22, R -
i AN
Q(w,) = ||w¢H +D XH,Z:T vz:: ‘S,M,(u,v) - Sy (u,w) |
(8)
2, [low, [P AR SR04 T T b S R S 0 4 %

FHAEIN 5o X 3 Sy (,0) =S, (u,0) [y

ARSI | YNGR 22, D HH 5350 3 7R R 96 i
755 S o A BARE 00 ) S 2

3 LWERSH

R T IRAEAR SO A SO = A EdE & ASD,
MSRAI0K,SED2 |- 534 3 it Jy vk #E 17 Xt 32 56,
i, ASD 45 45 40 & 1000 5K K14, & — ik ER#E R
—~ 1 2 H R MSRATOK %4484 61 7% 10000 5K &%, H
A& T ASD Bl S T A EHR. O T i — Al
SRS AR T DA 50K T % i 2 A H AR, AR SC
1E SED2 #4445 [ XA SR T 147 T 1Al SED2 4%
PEAEALE 100 R ENR , B— K KR EA WS 2.3 H xR
3.1 REAEMEETEE

KT LB I SUNY  GBY | FT™ | AC™
CA'™ HC'™' RCM™ 477 1 (% L , A SO AR 7] 149 51
Pi4E (MSRAL0K) 47 B VERIIEAN . R 1 A T
AR Ty A MSRATOK B £ - (1)~ 34 i [B) % B ol 1
PRUEZNSEXT EE , A SC 7 9 R B 325 1) S 8 P G ) ek
(B BT EAE M — G PC LR B4 T Al

®1 FE7FEFE MSRALOK RS E I T4 18

Method HC! P! FT(20] AC!®] RC!? ITte OUR SUNI2!] GB!7 CAl%]
Time(s) 0.01 0. 0802 0.0916 0.153 0. 1706 0.37 1.0105 1.4118 41.511
Code C+ + C+ + C+ + C+ + Matlab Matlab Matlab Matlab Matlab

AR By i 52 50 R 1) PC B E A Intel (R)
Core(TM) i7-5960X CPU,48G 4¢3 N 1,64 Piia/E R
. UREE S AR AT [R] DR 1.93275 b, f 3% 1 AT,
TRBE 2 SRR 2 L AR TR R B ) ) 5 22 J PR R
DRI W TSR AE R B 1A AR, U
EVERMFEREL L. 76 1T (OUR SUN™" (GB'" [CA™
Dk ep AR 1 S G I I A s T T v
S5 0 ).

3.2 EMESH

T RENS B U B AR SO IR vE R M KT 4
SEH T AR SO IE RO b TR AR AR LT R Y e 2 AL
H1 & 4 FT%0 Cheng #2119 RC J7rit"™ | HAL e RCR AN
FH A X 7 35, IR 7 T, Cheng' ™ £ /B J RC 3%
P S % R AT 1 2 1] S 36 A B0 0, 255 ) - 9 Ak B HLAS
SCHETRY ARSI 2550 S L G Ath 5 7 B 305 i, A A5 A0 i)
TR XA B 5 R T I A T ASE AR AT LA Sk
R EG R 2 B bR, BB S SEE IR AL X2
BT BR3P AN, A% SC 7 PG 0 4% S e -

A CE i 1T RCSSM (ISP Ve L CA

GB'"' RC'™7 Ry sk, S 20 A ) 2% 28 3F ik 35 1 14
W (1) J T SR 0 A WL A S 2 P A 7510 A 5 i
AR EMEHbR EAERRE S, B4 T 5 R A %07
HME LA A T PR G A5 85 (2) SETF 2 R i B 3
PERGI  Zm T PS4 TRy Z I 25 0] 6 &, ANRE
BRI A A 2 A8 1) B AR IR (3) 25 T B e g iy 3%
PEAGIN 2 —E R LR T SR AR Bk (HR
BT Z  ir.

HF BRI AR A 2K 4 B bRl 2 i 5, A ¢
W% 8 HARSC BR AT R 2 ROE MG R il
KT Ao B HERBIANTT A 5 i 1 55 X
AIHT T BRI A R, P A Ay R A
3.3 EENW

SRR ROC j£8 F1 PRI 28 45 K6 I 97 1 1 3
WARUE"". InIE 6 2R R, 2L i 2Rl A TR R R
FIXIRL R, LR R RE AT, R TR S5 X
W EAMEH.

ASCH TR =B LR e R AR
LA HeEL. IR 7 (& 8 H ) PR il ROC ik n] LLE



2692 WO % R 2018 4

RSO PERE MRS B 0 die sy , R, AR SOOI ARE PRy

Input GT IT RCSS LSP Vocuss CA GB RC OUR
B4 AR AL 5T R 2

Input GT IT RCSS LSP Vocus CA GB RC OUR
K5 AFTrEAESED2EHRAR bty 8 B S5 R

| | R2 ATRFEEASD HIEE LR PE,RE,FE,MAE &

0.8 ASD P R F MAE
0.8
0.6 / I Y
= 0.6 — CA 0. 5530 0. 3675 0. 4416 0. 233389
Z 04 &
i &
02 —region 041 region GB 0. 4838 0.3092 0.3773 0. 218080
edge edge
0 —our 02 —our
0 02 04 06 08 1 “0 02 04 06 08 1 IT 0.5128 0. 3246 0. 3975 0. 193795
fEepiItE ) % )
(a) %%ﬁgfﬁ% HAMESRT (D) %%ﬁ—}l{éﬂf& AT ISP 0. 6209 0.4415 0.5160 | 0.303235
El6  EIGEE RS DX S B M 2k RC 0.7977 0. 6323 0.7054 0.235435
#2.3.4 0 50iC % T ASD \MSRAIOK | SED2 =4~ RCSS 0. 6533 0. 4723 0. 5482 0. 222597
B P AR R P R DY F 7 MAE™
(85 F P R PO L 3% SAME R e T2k Vocus2 0.7552 0.5719 0. 6509 0. 260974
NEaS R/TAG [25] ; > A
25 B 5 0 T MAE™ {B, AR B/ SR AG T 25 21 OUR | o0.8641 | 0.6777 | 0.759 | 0.183222
-




04 06 08 ’ : 04 06 08
4% tea%

(a) ASD %i#i4E PR HiZk (b) MSRA 10K %454 PR Hh2k (c) SED2 #¥jifE PR £k
&7 AR O A =B AR 1Y PR IR

e 1
0.8
o 0.6 0.
ul ul H
= T & ol o,
GB v
./ CA 7
02 ff L keRs 02t/
¥ Vocus2 y
RC
o —_OUR o
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
R BH MR B BHPE R R BHPE R
(a) ASD ¥4k ROC ik (b) MSRAK 10K %#fi4E ROC ik (c) SED2 %¥ji4E ROC ik
8 AR L e =N 4E _EIROCHIZ:
£3 TR HZE MSRAIOK $iE8 i P14, R {8, F {8, MAE & B 32 2 W, 76 ASD BUHR4E I, A SCor iy P
MSRAIOK p R F MAE {5 R PP B AN MAE ™ (B F T 0t by e 24 S
CA 0.5877 0.3776 0. 4598 0. 237095 SARAE, 38 3.4 AT, A ey ey PP R AN
CB 0. 4968 0.2983 0.3728 0.234911 FEOE S B MR, B B 0 B A A v
T 0.2893 0.3139 0.3011 0.213439 R R A S5 ¥ MAE™ (i 78 MSRA10K Al
LSP 0. 5981 0.3921 0. 4736 0.304120 SED2 i FAE T RC 5k m.
RC 0.7845 0. 6408 0. 7054 0. 137205 4 &
RCSS 0. 6361 0.4315 0.5142 0.234280 B o .
Vocus2 | 0.6733 0. 4662 0. 5509 0.277001 ‘ ASCER R A 0 B8 H AR 2 T, o3 i AR
OUR 0.8577 0. 6484 0.7385 0. 190579 %S‘ET%WH!%HX#E% @ﬁ YR 5, AR 'JFE Ge-
‘ stalt U B 24 0 58 BR B P E , 25 5840 50 5 X 88l Y B #
R4 AR7ETE SED2 BIRK LA P E,RAE,FE,MAL E ST RSN R, LA RE A5 A 301X 43 H AR 575 5t
SED2 P R F MAE HWR AR TR RUEE T Y 366 T 568 55 AN A1 UL %) S 35 7 A
CA 0. 5366 0.3388 0. 4154 0.231787 TSR A T I T B -X W 2 2 B AMErEn B3
GB 0.5250 0.3280 0. 4037 0.240975 PGB A R0 T 8 3 MRG0 RS . S0 3R
T 0. 5003 0.3061 0.3798 0.228728 BRSSO 32 R A A0 F 24 i1 A St 7 v, B 3R I
LSP 0.5121 0.3149 0. 3900 0. 296390 PSRAFAEVE 22 0] LLIR AMFFT A IR AL . i e B bR i 4 5
RC 0. 5906 0.5237 0.5551 0. 145266 TR WA EN, SR HER ST RIRE; KR
RCSS 0.5915 0.3965 0. 4748 0.223692 XA Bk AL b ) BRI T S A
Vocus2 | 0.6738 0. 4749 0.5571 0.255761 5%
OUR 0.7306 0.5372 0. 6191 0. 194301

[ 1] Hadizadeh H,Baji¢ I V. Saliency-aware video compression



2694 H F

»2,

S

P

b 2018 4

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

(12]

[J]. IEEE Transactions on Image Processing a Publication
of the IEEE Signal Processing Society,2013,23(1):19
-33.
Ye L,Z Liu,Li L,Shen L,Bai C. Salient object segmenta-
tion via effective integration of saliency and objectness[ J].
IEEE Transactions on Multimedia,2017,(99) .1 - 1.
Mahadevan V, Vasconcelos N. Saliency-based discriminant
tracking[ A ]. IEEE Conference on Computer Vision and
Pattern Recognition[ C]. Los Alamitos,CA ;IEEE Comput-
er Society,2009. 1007 —1013.
R, I A, S BT S B S ST E A A
W5 53T R Tk [T ] B AR, 2015, 43
(1) .62 -68.
Jiang Wei,Lu Chao-yang,Li Jing,et al. Visual saliency and
text confidence map based background suppression for
scene text[ J]. Acta Electronica Sinica,2015,43(1) :62 -
68. (in Chinese)
Gao Y,Shi M, Tao D, et al. Database saliency for fast im-
age retrieval[ J |. IEEE Transactions on Multimedia,2015,
17(3) :359 -369.
Itti L, Koch C,Niebur E. A model of saliency-based visual
attention for rapid scene analysis[ J|. IEEE Transactions on
Pattern Analysis and Machine Intelligence, 1998,20(11) :
1254 - 1259.
Harel J, Koch C, Perona P, et al. Graph-Based visual sali-
ency [ A]. Neural Information Processing Systems [ C ].
Granada,2006. 545 —552.
Achanta R, Hemami S, Estrada F, et al. Frequency-tuned
salient region detection|[ A ]. IEEE Conference on Comput-
er Vision and Pattern Recognition[ C]. Los Alamitos,CA .
IEEE Computer Society,2009. 1597 —1604.
Frintrop S, Werner T, Garcia G M. Traditional saliency re-
loaded; A good old model in new shape[ A ]. IEEE Confer-
ence on Computer Vision and Pattern Recognition[ C]. Los
Alamitos, CA ; IEEE Computer Society,2015.82 -90.
Vikram T N, M. Tscherepanow ,B. Wrede. A saliency map
based on sampling an image into random rectangular re-
gions of interest[ J ]. Pattern Recognition,2012,45(9)
3114 -3124.
Perazzi F, Krihenbiihl P, Pritch Y, et al. Saliency filters:
Contrast based filtering for salient region detection[ A ].
IEEE Conference on Computer Vision and Pattern Recog-
nition[ C ]. Los Alamitos, CA ; IEEE Computer Society,
2012.733 -740.
Kim J,Han D, Tai YW, Kim J. Salient region detection
via high-dimensional color transform[ A ]. IEEE Confer-
ence on Computer Vision and Pattern Recognition| C ].
Los Alamitos, CA ;IEEE Computer Society,2014.25(1) .
883 -890.

[13]

[14]

[16]

[17

[

[18]

[19]

[21]

[22]

[23]

[24]

Cheng M M, Mitra N J, Huang X, et al. Global contrast
based salient region detection[ J]. IEEE Transactions on
Pattern Analysis and Machine Intelligence,2015,37 (3) .
569 —582.

Liu T, Yuan Z,Sun J, Wang J,Zheng N, Tang X, Shum
H-Y. Learning to detect a salient object[ J]. IEEE Trans-
actions on Pattern Analysis and Machine Intelligence,
2011,33(2) ;353 -367.

Kruthiventi SSS, Ayush K, Babu RV. DeepFix: A fully
convolutional neural network for predicting human eye
fixations[ J ]. IEEE Transactions on Image Processing A
Publication of the IEEE Signal Processing Society,2015,
(99):1-1.

Li G,Yu Y. Deep contrast learning for salient object de-
tection[ A ]. Proceedings of the IEEE Conference on Com-
puter Vision and Pattern Recognition[ C]. Los Alamitos,
CA:IEEE Computer Society,2016.478 —487.

Yang C,Zhang L,Lu H. Graph-regularized saliency detec-
tion with convex-hull-based center prior[ J]. IEEE Signal
Processing Letters,2013,20(7) ;637 - 640.

Ren T,Liu Y,Ju R, et al. How important is location infor-
mation in saliency detection of natural images[ J]. Multi-
media Tools and Applications,2016,75(5) :2543 —2564.
JAUm R ATARLE  SER , S5 B T RUER S PL E R
R H AR [T ]. P R BB A2 4R, 2017,22(5)
584 —595.

Zhou Shuai-jun, Ren Fu-ji, Du Jun, et al. Salient region
detection based on the integration of background-bias prior
and center-bias prior[ J]. Journal of Image and Graphics,
2017,22(5) ;584 —595. (in Chinese)

Achanta R, Hemami S, Estrada F,et al. Frequency-tuned
salient region detection[ A ]. IEEE Conference on Com-
puter Vision and Pattern Recognition[ C]. Los Alamitos,
CA:IEEE Computer Society,2009. 1597 —1604.

Zhang L, Tong MH, Marks K, Shan H, Cottrell GW.
SUN: A Bayesian framework for saliency using natural
statistics| J . Journal of Vision,2008,8(7) :32.1 -20.
Goferman S, Zelnikmanor L, Tal A. Context-Aware Sali-
ency Detection[ J]. IEEE Transactions on Pattern Analysis
and Machine Intelligence,2012,34(10) ;1915 - 1926.
Hou Q, Cheng MM, Hu XW, Borji A, Tu Z. Deeply su-
pervised salient object detection with short connections
[A]. IEEE Conference on Computer Vision and Pattern
Recognition| C . Los Alamitos, CA ; IEEE Computer So-
ciety,2017.3203 -3212.

B, BRI, SRR B, AR R T RIS B R R B H AR
MILI]. B F244R ,2017,45(8) 1902 - 1910.

Bi Wei, Huang Wei-guo, Zhang Yong-ping, et al. Object

detection based on salient contour of image [ J]. Acta



o1 Wl T FE - DX 222 T AN ) S A 2695

Electronica Sinica,2017,45(8) ;1902 - 1910. (in Chi-
nese)

[25] Bo=s iy, FLEME. T KL B K 2 R R & Y
BEVEX AR ML [T]. 7505 B4, 2016, 38
(7) :1594 - 1601.
Luo Hui-lan, Wan Cheng-tao,Kong Fan-sheng. Salient re-
gion detection algorithm via KL divergence and multi-
scale merging[ J]. Journal of Electronics and Information
Technology,2016,38(7) :1594 — 1601. (in Chinese)

EEE T

BB 55,1977 45 Al Bl ER, &
NETAP RS (5 B 2% B, EZWFFE 7 1)
RS G AL HE R,
E-mail ; xmyangl 68 @ 163. com

EME L, 1993 49 H A, BUL AT
B A B AL R LS £ B 2 B, 220 5
J7 1 G AL B A
E-mail : 15256952170@ 163. com

RoefE 55,1984 4£9 JH li4E, RIWFIT O,
BRI AR S5 B2 b, FER T
R EALSE A TR g B
E-mail ; wu_keweil984@ 163. com



