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Arbitrary angle aerial photography insulator detection based on
neighborhood information
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Abstract: Aerial insulator images are characterized by complex background, variable spatial direction ol insulators and
large aspect ratio. A large amount of background information will be introduced to detect aerial insulators using the
traditional horizontal rectangular box object detection algorithm, which makes it more difficult to locate insulator
defects and other subsequent operations. Therefore, this paper proposes an arbitrary angle aerial insulator detection
method based on neighborhood interactive attention, The method in this paper adds the angle prediction branch of the
object bounding box to the existing insulator detection framework. The introduction of angle prediction branch makes
the method put forward higher requirements for network feature expression ability., Therefore, a neighborhood
information interactive attention mechanism is proposed in this paper, and the spatial information relationship of
insulators is modeled through this mechanism, so as to achieve accurate detection of aerial insulators. The test results
show that the proposed method can accurately detect insulators in complex environments, and the detection accuracy
reaches 93. 5%, which effectively avoids the interference of a large amount of background information on insulator
defect detection.

Keywords: insulator;object detection;neighborhood information interaction;angle prediction microscopic

ot 2% 1A i v 2 B PR DL S 8 L AR R TR X

SRR EBTEXLEZL, Hbh TEETRUL TES
sk L LR AT e D RE TR R B, R B IEAT . BB RIREE T A5 5 AR B AL R AR S B AL

R LGT AR R BT A B . DR BRI G R T R PRt B 0 4 o HEA T AR W A

0 35

i

e H I :2022-08-30
* B4 IR AR A BHE B 0T H (2221022102300 7 H BE 1K 1 4 24 (B2018-33) 10 H ¥E Bl

- 117 -



5 46 & woF o

¥ #H K

e B R EEY . R % T2 PR K B AR
ZARIN T A9 7 2 10 A7 78K I AORAR L SERS PE  2
B, BEE T AN AR KR B YL s B a8 4R
KA TERBELB R TN I F U B R 0 4%+ 6
6 W00 32307 1Ay 448 % T30 4G ) 2 R T 408 % T it 5 G 0 5 4K
T % T B ™ . i, BF 5 2 T 0030 B AR A 4 %
FReM A EAEEMNRLE L.

BN EG TRNELRZZEE TESITEIR R
. HFR— B, AR AL A T3 A R 48 B
TGRS T LR A s I, BRI % R 4
G T H TR IR R AR , SR FH 30 G 4G I 1) O 9 X 4 4k F IR AT 2
P BT R 4 G 1 6 R HE AR S 2 A SR
e RN 1R L 0 7 ok R AT R 4 B e o R X B
PRRAG G TRE., R BN SRR B A A
AN B TR R N T3 AR, AR 2 ik 1
ZACRE S 2E , RBEE AR 2 B T SRR A R 4
LTI SR 2% T R AR B R 2 BB TR

Wi G TR M e 1 R R, B FIREE = 2 ) B A%
Kl J7 3k B2 WM 0 E . BRIKED R G RM2 M4,
S A AR R A F R 40 25 50 ARG I L S5 BN 48 2k TR
XIFT AR 78 YOLOvA™ [y 5 Ath F, F A K-means A5
WXt T RGREAR JE AT RS, LB T B A AR T AR
25 5 RN CenterNet™ i 1 2 B 405 T 777 Ko
A5 B0 T e RS B .

A 3 T R R 2 I % VY 4 A T B A T SR
B4R T, 5 Bl TR P A 7K TS DU HE X 468 2% - 32 A5 A L
FHMEGR T AR KRR AL TRPE, WE 1 T
A HE BT 7 5 7K VA I AE TS vA MR e (L 4+ W B
SHEHAKBRERTRER XM KRB L3584
S T WL R T 25 AT 55 B0 0 3 2 ol AR . R AR SR
B B B TR AE X5 48 2% T 0F 47 A, AT A S B 4
GFEOR MR . AR TS L% L HETEE
R, SRR RS ALEE T ARG REN A
PR S RIS 06 0 2% YRR TR SR BCRE 7 #2 T 38 i A9 SR
FF St i ) L, AR SO T R T AR AR BT E A
IR (SRS SR Rl i

1 ExkiEZE

1.1 BRIEZR

S0 TR M BT A B B 2 B B AR A T ) £ A A
Ty N FEIE IR BUS B @ 10 28 FAS U sk 3 40 B vk A Ak
FEZRANIE 1 iR, Hob, $R 4T 2 B e 3+ sE 3t A B
PRI AR AE B2 I, DLk TP R 09 v i AR AR, A SCR A
Resnet50" " VE g 45 1F 41 BRI 4%, #0275 28 8 43 3 3 = Wk R
HRRBEAT FRAE, T A5 3 55 2 B R A B . A T 3k 5
FURA T D B AR B A0 A B SE AT 5000, 4R )5 6 APt a5

< 118 -

BLEAR B H AR50 L B L b iR 02 [ R A
HEAT KRB, R ARSI 48 5 T 1) PUIALE

il Sk A

FHERBURY: RIS
iy ' i R

Bl 1

oft % 6 TN 4S5 4

1.2 AEMNS X

AR IBAT B A B I G Y 3 B RE AR SCHE H b A DU I £
T T — T i FRE A B TR 43 S R SR I A
FERT . A< SCR F B AT M B W AR Y 30 FHE S H A 4
GTMMERFE . HRARFENE 2 fin, ZBFRERH
(C,»C,,L,B,0) HIcHR#HTRAE; Hh, (C,,C,) iR
HRAER 0 SRR, (L,B) RRHAIENKMGE, 0 %
R FAE M 5 T E IR 4 e iy, i FONE AT 4 e
6 WAL 0,70 .

A
¥

v

X

K2 (EEMEREE D SE

S T AT A £ B O 0, A SCiEH T —
A8 B3l 0 #0 FE T 43 % [0 %, HL S8 Mo A0 PRl 3 PR .
T4 2 10 45 LA A S 35 0 10 AR AL SRR 0L — %
Bl 33 f — 4 B BUR ReLU 0% 650, WS 7% 36355
SRR N — AN BN 11 {0 dE A, BT 45 51 £ B 1
O

|
|

[ a

K3

! | Comva2d || Teamad || B
N ; \% | i Conv. | I
R T R TR
256x128x128 256<128<128 .
1%128512

B3 BTN 43 52 W 45 45 1)



FA8 FATHABEERZINEEZAERML G TN

510 3

0T AR R ) 2% B AL S 0, AR SCR I Ly Bk e
SR B T A S S 2R A O R DL R Al b AT
Ftfe. Lo 5k AR Rk sl (D Bk .

1 N A
Lo, = NZ 16, —6, | (D

ok, N 4R i A BRSP4 5 T BB L 6, .0,
Sl R RN MRS b DG T A R BUIE 1 R
EHI
1.3 PEBBEEZEFENNE

DR 2 L o4

£ BN 4 S 51N B8 55 BT 48 % 7 TH RS T A
W7 LA RO S K B AE S A R BB 24T RAE AW T
P o (EL I I 75 2 P 0% B0 ) AR A 5 T S R OC R I R s
FRIESRE M B8 7, B A SCHR by 7 SR Al fE B2 B R
(neighborhood interactive attention, NIA) #1735 B2 k5
BB 2% 1 25 ] R R PR B R ATERAAE SR IR 45 , 2 3%
P2 T BB NIRRT .

CRTRE =W Ry Wi K 2 S e s SR B R =W | B TR 9=
Ji. FAh GEIEEE T FEH KR X FRE B AR R i E
POAREEACE . B0, Hu S50 38 0 0 — %6 SR 0 5 R
6 M 2% (squeeze-and-excitation, SE)-Net, SE-Net i i1 4
JE PR R S A R AR R — 2 RE R REE
IEGMY R, R EBEZ B M KRB R,
BVE B P B AN T AR 2 1R TR R ) A Gl ) Bl
EBW M N EW. . Woo 457 2 W a9 EZE I HLH
(convolutional block attention module, CBAM) 7 ¥4 2 38 18
O R R A 5 A% AR S RD .

AT T R T G 2 () B A SR R B [ B 3R 4B R E
23 (A AR R P S, Hou &M Rl 7 — Rl 47 B 15
B AS@E TR P e 8 & %A b i E AL H
(coordinate attention network, CA-Net), {H CA-Net % §
X1 Z4e B B E BRI 77 1 3247 6 s 5, HoAS i
AR AT T 36 T8 I B, T JE ik 2K A TE A A ) 48 A2 5
fHE.

2) &R 15 B 38 LR B I B 9 4% S )

g ST R Y 4 4 B8 T 2 DA SR AL E 2 ] A R 6
2, 0] LU 4R B A A ] A B AH AR T 2 ) ARG R
At T FE E 5 VLB (neighborhood interactive
attention, NIA-Net) , 45 & 7 3L 89 W JH 3% 5 - NIA-Net © i
AT 3 AR DR BB SR LI A7 R 2 B W)
s 2) TS T 0 23 W) 00 B B 2 IR BT B Y A
P, TR 25 (B $R 8l A7 B 2 (7] B 47 B 38 H R I 5 7 36 42 A [F]
WEZEFEEN T 3D B EEZ E KB LR,
NIA-Net {75 {& W 28 25 0 1l 4 iR

B ARER X € RYY, Yy mm H MW
Jr AT A R AL . WA )E L E c MEE W H i b
5 h LB WARFIER R KXW R,

5
%

&l 4 NIA-Net 72 1 #LH

5 1< .
Z"(h) :W;L(h,]) 2

[FIRERY 5 ¢ MBI H W 7 158 w 7 B AR 0
KR,

Z¥(w) = %;.rc(i,w) 3

RIE X RN B4 AT 4 3 L S WA~ 2ol
T5 BHIBE BRI Z() € RO Ml Z(w) € RO™,

SEBR b, A AR — i s R AR R A B A &
R SC IR WK BT W A AR B TR AL AR TR
I3 38 27 () SB35 B 1 2 B L 3K 23 3 55 ) 4T S AR 3 6 &R
A o R AR K Tk .

R AL Z(h) € RYY MZ(w) € RYY I
FEIEGE AT A — ST AN RS EE R C A
& HEBRNZERESEMAWIIR.

4

Fo(h) = £, @z
Fe(w) = £ (Z(w))

o, £ R S BIROR f HORIW 9T b —
Iy 40 # BN 9 — 4k (BatchNorm) g5, K! 1 K* Fm Xt
B EBRIRAZ, Fo(h) Fl Fs(w) Fm H A BB 4558, /A
THEE H MW J5m EA4RaEE B ML E ,

(B, S 17 9 B8 A 408 388 T8 1 A A B P AR G 3R L AR ST
X Zh) € R" MZ(w) € RYY 5115 %E H fi W 4
AT — 4G L A A B0 R H W, A5
Kz B R G R,

Foh) = £.55Za0™
{ ‘ s )

Fe(w) = £ (Z¢e)™
He, ZWO" fM Z(w)" TR Z(h) M Z(w) WEEE

w5 R Z 0 B Z () AEEE T
e 119 -



5 46 & woF o

¥ #H K

B — 44320 ¥ AL A1 1T — 4k (BatchNorm) 12 85, Kt fl K
FRX M B AZ, Fe(h) M Fe(w) FmHX RS HIE
BEER R T EEE S W _EAHSE RN,
SR ¥ s AR B AS B L B AR SR B A8 Bk AT
Bl A AN 6) PR .
P" =6 (Fs(h) +F.(h))
P" =6(Fs(w)+Fq.(w))
H, p" € RZ" . PY € R,
B, HRB A (D FiR .

(6)

o TRy E sigmoid K

)

RIGH PP AEW J e H P 18 H 5 M 474 R A8 4
ik PY e RPN P € ROYY, SRIGHESE AN EIE L
¥ Pl € R™ M P € R™Y M. FHHLERS «, €
R Y HEAT 5 T, AR AL R IR I (B iR

yi =z, QPIXPH (8

NIA-Net &AM B @ RAE@mB AT RR B Y =
[yisesyele AREERUEDMSHENIE A% H
FLEERB R M ARG R .

2 KRERSW

AN EETWE RN LA R ABRNT BT 5 T
CPU A Intel Core i7-8700k, ;774 32 GB,GPU N GTX
1080 Ti(3k 2 B, R E AN 16 GBY. BIERK N
Windows10, B %2 2 HEZE R H] PyTorch, A 3CHTT I 4L
P AR IATHE 3 400 3R KGR, 16 i B 4 I A I el JE A HLTE
HELG 8 M AERAS L M5 T Labellmg T H 49 i€ 5 HE 45
T BE X R 28 2% T HEAT AR I 0T, BEAILIE B 2 700 BKAE
RIS R THY 700 5L,

AR SC TR T B4 W 28 5 K L B T S T A B T 43 32 AN
NIA-Net #4532 4b, HAth#B/r 5 CenterNet 52— 5, 7E It
ANEFER, UGB, SRk A B 13K (batch_
size) W B R 4, =R KB (epoch) #E F Hy 140, NIA-Net 158
7 1] 1 B A% R/ (kernel_size) 2 8y 5, 25 8] 77 18] I 48
% K/ (kernel_size) X E N 3.

2.2 HELEW

AT HiE NIA-Net 7830 8 1% B BB F L2 EWAE
RO, A SCHEAT TARSC R B2 e, S5 Rk 1 fm, K
M1, SI (space intergrated NIA-Net), SG(space group NIA-
Net) Zen 1K (4) I 78 19 25 () 47 6 3¢ B30 & s BLifil (5 ST
REFSHAAARL M SG MR T 434045 . Cl(channel
intergrated NTA-Net) ., CG (channel group NIA-Net) /=
=5 Fros 18 E AR B A2 BB A HLH L H CT R 2R 4
MM CGRRAT rHEH.

B LA, NSRRI A e R E R B S TR
FIHLH o025 A U S BE 24 A B . [ B R A REE R AT

« 120 -

2.1

& 1 NIA-Net i g sSCI8
SI CI SG CG AP
91.5
4 92.7
4 92.5
Vv 93.0
Vv 92.6
4 Vv 93.0
4 4 93.1
Vv 4 93.0
Vv Vv 93.5

M A 2 [ A 3 R A BCR B o T R X AR B BT
SR ORI R P O A T R R A — 5 1 s A i LA
B T TG ¥ A2 S 2 ) AR A R AR DG R o X AR M 45
HEABOOHRAZ T A BEFEEMMERE  URELE TS
BEAT A RERH R s (BRI X S 2R . R AE #4725 (R B A B
I 5 BEAT R 23 [ 4o A1k F2 0 3 2 7 PR R AT 23 2, BOR A oA
2,0t HZHR e B 00 B 23 () 45 B OB R R e
FCRRAEAR 5 A0 0 3730 8 P A e B9 QB » 5 i T8 AY =S )
AR IR R B BRI AR 3 {5 A A 7E 4 4 25 ) B AR S
I iy e R T

M2 2 ALK R SO H R T D PLAT A layerl J2
JERCAR R . T TEM Z ML IR R . A I 0 2 O
RS E I AR e R B BB EFE =R EF A,
ARSI B B AL BO T AR S (R SR B R B B K
S FR S DA UHORE %0 T8 0 HIL o Bl AR B2 B 2% A R = S T
FAT R 4R 45 G T 0 S TR EAR B R AR R

F2 WHXTEFFEANFMERE layer FEHIITEL

Layerl Layer2 Layer3 Layerd AP
Vv 93.5
Vv Vv 92.4
v Vv v 92.2
4 Vv Vv 4 92.8
4 4 92.2
Vv 92.2
Vv 91.9
2.3 wttbidEg

A3CLL CenterNet Jy FEAMELRL R AE4R R 70 R T
ResNet50 #E 8, 1 ResNet50 (9 3Efili b &l & A% SCHE ) 49 7
BB 2T L Dy B AR B R A B, AR
R T ALH 0 AE 90 265 B0 AN ) )2 B0 S5 36 495 2R % EE s i I
AN 2 24 3R, A SO 45 % T B I ALHE e layerl 2
Jai.

AT WA LR LN AR S BEERES



FA8 FATHABEERZINEEZAERML G TN

ECA-Net"" (SE-Net D)} 75 [6] #1138 18 fil & 1F &% 1 CBAM,
CA-Net SA-Net" " # vk #E47 7 Hofk. X 264 & Sy WLl
FERRAE S5 B 4% o 19 437 8 34 5 74 SCHRE H 100 1 R L o B o
AL —3, AL RS HIR S 5 A E— 5, LR 4R
3R,

*x3 S5HMEFENENITLL

B/ WA Parameters/M  FLOPs AP
ResNet50 23.501 9 60.2359  91.
ResNet50+ECA-Net 23.508 1 60.236 6  92.
ResNet50+ CA-Net 23.520 8 60.2388  92.
ResNet50+CBAM 23.516 6 60.238 2  92.
ResNet50+ SE-Net 23.516 1 60.237 1  91.
ResNet50+ SA-Net 23.508 2 60.236 6  92.
ResNet50+ NIA 23.508 2 60.236 4 93.

N O X O W N wl

R-CenterNet 5 5 i 8 1 WL I 4 8 A J5 76 48 ST
£ LIRSS R R 3 B, M T R G A H b A I 5
AR OT BRI 2 A B S AT XA 4% T
BIRC RS BEAR T+ T 296 . AR T A SCAY R 3 S AL T LA
R BRI B 4 2 T 10 25 TR o B 15 B, L e o o B 4 2%
T FEAE B B AR X8 X AL AT LA AR 38 T8 AT A R
R B F M 450 BT S T AR R R A .

AR B WA GE BB ER VLG BB AT
CA-Net,CBAM SE-Net % [ &4 & W #& W , I HAE R
BEF., HETF SE-Net,ECA-Net %4 843 463k
R FRAE 42 55 B, Tk MR AE 15 B 28 W B ¢ R E AT
AR SOGHRAE 53 (8] {5 BAR B S R b AT THME., MHTF
CA-Net HUE7e RO BRI OC R I IR B T — 2 19 28 |l iz
BER AR LS 4B EAA BT AL E. &
B F I A SCHR i s ) 4B 38 A A8 TR R I ML AE S 4L
SR BUS T T AR .
2.4 BERMEEESW

AT 5 CenterNet™ 75 3k VI 25 i (145 46 {8 i 48 %t
F s B 5 AT AR 30T vk R A Sl I TET B T AR SO B R
P i

R T 4B R AL X 0 4% £ BBURRAE BE 7 B9 S, A
S IE B O 45 i 2 R AE AT AT R . AR SOk
FAAR [IBUR £ B 0 48 2% T DL B & 2K B 20 5 s i B R
1), 3 7 WL A 7E L Resnet50 o HR 1 42 UM 45 9
HARKE I E R, & 6 BT R, $RAF o] W04k 25 SR R A ol &
T ABIRAR B A8 E T B ML A REAE R ) 4% B SR A S A 42
B 2% 45T IR B 0 2 S PR 2% 1 K 3.
EA R R, Bl A 4R 385 1B B T ML 45 AE B2 T 4%
BB S G R X 43 48 47 R FF A3 8GR S 3 R T, X
FM T A% SCHR Hh 4 TR T AL T 4% W] LAE 22 Y G AT AL
5 6L 1T B A 4R B A % TR

5 10 39
sF
\ e CenterNet
,,,,,,, &3
4
&
L
S
=
1
0 b s . . . .
0 20 40 60 80 100
AR B/ Epoch

K5 Ygkint kil £

(¢) Resnet50+4K s,
BEXHEERS
6 kAR AT AR 2 2R

(a) NEE

(b) Resnet50

2.5 WNERRESR

B7 R RS ik R 45 SR, 1SR
CenterNet Al J5 ¥ (1 25 ¢ s 58 2 B Ry Jin A F B 00 2 <2 1)
K75 3 (R-CenterNe) Kl 25 52 5 55 3 B A Al A T 4B AS

N /\\

Y

Biis]

(a) CenterNet

BT TR D5 ik e A6 T 25

(b) R-CenterNet

(c) RNI-CenterNet

- 121 -



5 46 & woF o

¥ #H K

IR TR B B e e HE Ay v (RNT-CenterNet) f 4 1)
gh5R . M T AR SCA s, K S HE AR ) 0k TR A T KK TR L
BAH 42 10, 2% KE WS =GB 00 B R, xt it
— RIS SR AT RS WO R AR R T, A SCER Y
) Rl B 1 L Y RNT-CenterNet 58 35 75 46 2% Tl & f
BE TR L i 8 T o ok B0 AP AR X 5 28 T AR SR Y
RE R B AVHBEE A R LG T 5B RE A
23 AR

3 & it

A SCHE H — AL T 0 SRR AR B 38 B AR 4 2%
TR RNI-CerterNet, DA fi# th 4 2% 1 HoA i 4. KK
FE L RE s BRI, AU ARG B s BIE R
FHLEE R AR, AR SRR — R 5 HAH
AL BAR BRI R o B ML PE W /K 18] F0 % Ly [
M RE A FES B, SR 5 6 ] — 4135 143 50 i 5 T8 A
23 [ 77 [ AT SR IAE B AE B, 7E 345 A3 (B 4B 3815 B AR A
K FR BRI b ) 46 R 43 6 AR o e ORS []5 3B TR (947 B
T FE BN R A, VLTI RE A S IR A% T
HEAFEREEAEXR R, XA F T 8wk R 4150 9F
FEMAL T . AR —Fp T R SR G B E K
A5k 26 2% F K I 55 1 RNT-CerterNet, DL e 4 2% 7 2 A5
BLAKBER U LE RE RS RE., SRS WA ESRE R
A8 H 1B I HLRIE BN A, B RO 4R R T R —
MG HAHSBALE 5 B BRI SR R . ZLEI SE i K 5 1
BEFIMRERARIER B, R E 64580 000
38 8 Aas A 1) #EAT AR IR B A AE L, e A s ] 4B
5 AR OC 2 0 B 35 16 0 8 P 43 2H 6 AR B SR R () L
IO B S ae NG i AN A = o N % ;[ 1 SR R
P45 F 5HATEM S BN B X R XA F T H bs R w
BRI LS T .

% 3

[1] A, BT RIS RSB RL G T ¥
WIE 2o b SIS [T]. & i E AR, 2016,42(4)
1259-1267.

(2]  #mFH.PRIE. IR 5. T I AN Z 15 B3 Bds %
L T B R AR KB BB LT, mE R AR,
2015,41(1):159-166.

(3] WIEE. L& —MMMAETFEEREENMY
BT ALER IR 24,2014, 35(3) 1 558-565.

[4] HEHET . KER. EANKENHEGRPLETFLET
E& R BB LT, AR ,2010,34(1) ;194-197.

051 BREK. Bk, mhiE ., 45, Wi 4a 27 4 A 48 ) 2% Kl &
BRI T]. B0 B 588 2 4, 2017, 31(6)
942-953,

(6]  XUATIE. H¥G . k. 5. SARAEE R TL% T4

- 122 -

PR gk W Oy e RS LT, W 700 5 5 AN AS 2 4R, 2022,
36(2).57-67.

[7] BOCHKOVSKIY A, WANG C Y,LIAO H M. Yolov4:
Optimal speed and accuracy of object detection [ J .
Computer Vision and Pattern Recognition, 2020,
17(9):198-215.

(8] R, GHapma A« WIR K KR, B T ¥ CenterNet
PO AT £ % T G I S e I AR AL LT ). SR BLEL 2,
2022,49(5):84-91.

[9] ZHOU X, WANG D, KRAHENBUIIL P. Objects as
points[ C]. Proceedings of the IEEE Conference on
Computer Vision and Pattern Recognition, IEEE,

2019:474-490.

HE K, ZHANG X, REN S, et al

learning for image recognition[ C|. IEEE Conference

[10] Deep residual
on Computer Vision and Pattern Recognition(CVPR),
2016.770-778.

HU J, SHEN L, SUN G,

excitation networks [ C]. Proceedings of the IEEE

[11] et al. Squeeze-and-

Computer Vision and Pattern
Recognition, 2018:7132-7141.
wWOO S, PARK J, LEE J Y, CBAM.

Convolutional block attention module[ C]. Proceedings

Conference on

[12] et al.
of the European Conlerence on Computer Vision
(ECCV), 2018:3-19.

HOU Q, ZHOU D, FENG J. Coordinate attention for

efficient mobile network design[ C]. Proceedings of the

[13]

2021 IEEE Conference on Computer Vision and Pattern
Recognition,2021.
WANG Q. WU B, ZHU P, et al. ECA-Net. Efficient

channel

[14]

attention for deep convolutional neural
networks[ C]. Proceedings of the IEEE Conference on
Computer Vision and Pattern Recognition, 2020:
11534-11542.

ZHANG Q L, YANG Y. SA-Net; Shuffle attention for
networks [ CJ. IEEE

International Conference on Acoustics, Speech and
Signal Processing(ICASSP) , IEEE, 2021. 2235-2239.
EEEN
ok PRI, L, R DT R Y R AL
B BARAI .
E-mail; libingfeng@hpu. edu. cn
KRR B, FEBETE 1 v LE AR,
E-mail : 2438014771 (@qq. com
NTB K, BRI, WA 5 1) SR A SR 3 ] L AR
E Rt INCE-F-$5 kN

E-mail ; buxuhui@ gmail. com

[15]

deep concolutional neural



