MRS ISSN 1003-3254, CODEN CSAOBN E-mail: csa@iscas.ac.cn
Computer Systems & Applications,2022,31(10):211-224 [doi: 10.15888/j.cnki.csa.008753] http://www.c-s-a.org.cn
O E RGBT TR . Tel: +86-10-62661041

M 6115 & < B & 1R 7l B9 24 Faster R-CNN®
SIS RS, FHEH, FRAD R

" PR R A R A |, dE A 100032)
YHERE DK E REA R A T, Y 214200)
SOTHEREE HENLSE B EER, BE 211100)
WEVES BB, E-mail: luxx0824@163.com

W OE AR TS B, B TR AT R S L . BRI K, 75 L s i R o, BB B S A
ST ) F U T R R SR AR, 3™ S L A AR A S TV T SRR S R T IR, SR T )
B4 TT IR A UM 25032 Faster R-CNN. B 5%, £ FH BB 5 22 90 4 12 ks BRI R0 46, 72 ResNetS0 H15| A% 43 301
AR AS, i 2 S (RS 7 (25 s K, SR AIE 4 P 405 T, E SR 0 01— 2 2 6 1) RO RS 38 00,
% RBEHIRSAEE B SRJ5, B K-means++ 56T 10 FHE K, BETH&E & W& PRI E R ~F; s, i
Soft-NMS 48 7 M AL A1) 045k NIMIS SR AR T 6 28 8 o Rl 20 R Ay S, 38 5 0 ) 2 B I I HE PRI R 0. ETT %
IRASHR A L, B Faster R-CNN [0 (H FHIRSE (mAP) K5 T 91.5%, 3 HL B 52 b i T4k 2 i o F s
4 1 B4 TF SR AR IR A, 355 2 5 2 5 F ORI RE IR 7 K.

S $#17): Faster R-CNN; F% 22 44 KA AT 42 7 35 11 4%

SRR R A e SR A A T AR AN i IR 0 THT i) 38t 4% F DG RS IR 31 1 B3k Faster R-CNNLTHELNL R 418 F,2022,31(10):211-224.
http://www.c-s-a.org.cn/1003-3254/8753.html

Improved Faster R-CNN for Recognition of Device Switch Images

SONG Xu-Feng', IANG Meng-Jiao’, ZHOU Yi-Ling’, JI Jun-Jie’, LU Xiao-Xiang’

'(State Grid Xinyuan Holdings Co. Ltd., Beijing 100032, China)
*(East China Yixing Pumped Storage Power Co. Ltd., Yixing 214200, China)
3(College of Computer and Information, Hohai University, Nanjing 211100, China)

Abstract: In large industrial plants, due to a wide variety and a\large number of equipment control switches, the
complexity of operating procedures and the subjectivity. of human jrudgment may lead to operational errors and cause
serious consequences in the daily operation and maintenance process. To assist operators in accurately judging whether
the state of an equipment switch is correct, an 'i'mproved Faster R-CNN algorithm is proposed for state recognition of
equipment switches. Firstly, the"dilate.d residual network (ResNet) is used as the feature extraction network, and the multi-
branch dilated convelution is introduced into ResNet50 to fuse the information of different receptive fields. Secondly, the
feature pyramid network is improved by the addition of a bottom-up feature enhancement branch to the original network,
which is used to integrate multi-scale feature information. Then, the K-means++ algorithm is applied to cluster bounding
boxes of switches, and the size of proposals for equipment switches is designed. Finally, the non-maximum suppression
(NMS) algorithm is replaced with Soft-NMS to reduce the influence of switch overlap on the detection effect and enhance
the performance of suppressing the overlapping proposals. On a switch state dataset, the mean average precision (mAP) of
the improved Faster R-CNN reaches 91.5%. Moreover, it has been applied to assist state recognition of equipment

switches in the daily operation and maintenance of pumped-storage power stations to meet the needs of intelligent
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supervision in complex scenarios.

Key words: Faster R-CNN; residual network (ResNet); dilated convolution; feature pyramid network (FPN)
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0 3 2 12, S CHE NI R R, Hah R anld 11 fiow.
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12(b) NEAER IR, 4 NERREI A0 5
N (135, 153). (56, 68). (535, 238). (363, 512), Ak
KO, Bt (135, 153) BERE R, BEFP L
(363, 512) LR K. Kk, X FIF R A 59151
AT CAEE I Se i N H bR, 5 4 MR L SRR
FITEAL, 2094 20655, 3808, 127330, 185856, *f
XSG T AR 7 BUEME TS : 144, 62, 357. 431, it
FR AR AL bR 22 L TR B B U S
(1:1.2)~ (1:1.2). (1:0.5)s (1:1.5). Fe&&, A CAEIEHEKR
/IR 62x62. 144x144. 357x357. 431x431, FawEthik
BN (1:1.2). (1:0.5). (1:1.5).
1.4 Soft-NMS | EBIZEAE
ASCBE BRI FF OGRS, H T4 1E B i AN 3l

B B A A KIEHE, BT E A aA 2

M HE R SCE B, 3 AR AR ORAE M1 5592 (nen-maxi-
mum suppression, NMS) Tfﬂﬁ?ﬂﬂj’}:iﬁﬁ, mEESNL R
FR i e A, ?ﬁ?ﬂ*ﬁ-?ﬁﬂ?ﬁ%%‘ﬁﬁ R fig B HE, AT $/2 i A 20
PERE. NMS L3248 F A Al & 32t an &l 13 s,

MEL 13(a) 7T LAE H, TEXTREE B I S UG 31T
RS, I8 EAAIR 258 X E & ek d L, HIFAR
FI A DA AT DL SE B0 B H AR OR, 2 80E 1 H fg
For Wl B — &R 7. BT, A NMS HiEME 13(a) HHIE
IEHE R FR AR AR B 1, Wi 13(b) P, X AE AT DL
Fe T SRS R R Af 2, AR R 2 B 4T

SHRRAEE AT S

SHTkE b

(a) NMS BITFBIIG T (o) NMS 5T Sl 67 1
5
B 13 (P NMS B (e st

S5k EUGEAT I R, R A — AN R 6 R
AR T MBEHE, FHEENESR &1 B = (B, By, -+, B,
ik 3% HE X6} B I 73 43 4R B e NS = (S1,82,-+,S,), 1849
FEARIEHE A A HFRIREZR DN, S TR A T

S,_{S,», 10U (M, B)) < p

0, IoU(M,B;)> p )

Hodr, ToU NPHAMBEIEHE 1) 28 I L.
SR, MR (5) PRI, NMS HiESHEEFR A

R I B p R S AE, 3 UM 20 (9 I B HE 1R 20 2108 0.
U SRAR SBAGEAE P35 A7 SRR/ 1 B AR, A4 PN
EHEIOU M BE =T p, M HARRIE I & Z K — 1 H
FRfRIZHE.

B0 NMS 5 7740 il (o S AE 1 17 L, ASCAE AT 1 24
T AR AR #0572 Soft-NMSP?L. Soft-NMS #2
PRI A EAE 73 BTN, 23 30 DA 8 P BRI i
I, A SCR A s s =, Wizt (6) Fios.

10U (M, B;) < p

Sl )
Si= 10U(M,B;)? (6)
Sixe~ # -, IoU(M,B)>p

L
L} S ¥
2 S ST
2.1 LIt

SO0 BT FH (R A 58 1 1Y P 4 I B S s )
WHIF RS BIE4E, — 3L 1 644 K EG, T XRAH
3600 1, 734 18 FhFF R 36 FRIRA. LA 7:3 BRI 43
grAE IR, VIR 1151 5k ML, M4k 493 KK,

1E K B 7T, L8R i%$% SGD, K Ir %
E N 0.005, ZEJR R weight_decay ¥ E A 0.0005, ]
=24 momentum B E N 0.9, #t K/ batch_size W E
N 2, TEARIKEL epoch BN 50 IX.

TEAM/K B BE AL LSS BB 5L R, A SO H ARk
WIHLRL Faster R-CNN #E(T 1 4 /NI TN, 53 500:
Bk TR ZE A SR B T4 {8 Sk i 4
?Efﬂ%?%@é%\i&‘{ffﬁﬁfi“*%%ﬁé%\ 13 ] K-means++
SRR B MR R IEHERST . (] Soft-NMS fR# NMS.
ST IAIE Sk i R, it T BLUR 5 4 kg

(1) ANTFI 22 43 SR AR ARV FH SRS skt L s Sess
UK 25 UG B T RO R 1 R, SR 05 X R IR A5
AR Z A BT S50, 1 R A IS IR G ZH A,

(2) RFAE G =7 3 285 W ek T PR % b S A P
K Bk 22 IR 4 B T RN 2%, 6FEE i FPN 543 FPN A
TR AR

(3) 1 FH JE AR B ) i 3 A N <) 5 K-means++57%
B 2K HY AR e M 2 1] ) Bl SI2 8- B0 IF W - FR i 1B HE
JSFT AR TR AR R P

(4) Soft-NMS 5 NMS Fxf Ll 556 A5 P B i &
(G AE (1 S, I A 2B A RUR

(5) AR SCAR AL 55 3 Aty B A IS 28 2 [ ) sk B i
5% B 2t 5 1) Faster R-CNN 5 J& Faster R-CNN #
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R, SSD. YOLO #EATSRIG XS LE, JR AR AL R AiE 5 B X
I VGG16. 24505 F B2 N T ik A
OVE HoB B5GHEY Faster R-CNN 5 HoAh H bRAsr i S50y 3¢
AT LSRG

7 B — AN H AR A DS B RS 1 B R — VPN R
Pk Zam, X T B bRk S AL, 5 R ) B & T AR
W, HRE, PR, SETVIRE . IR

(1) ¥5W43R (Precision)

Al B e A I H T OC I IE A IR ) HS I T SRS
(R & o AR TR T TR T IR AS 1 e,
WH P, HEALUTTR:

p= TP
TP+FP

Horp, TP 58 I IR TR T S IRAS i 8 i,
F P i FF AR SRR A SR B

(2) BIEZ (Recall) ! '

74 1] 2 o IR AR DN L A T S B0 o A B
A IR B, Fidh R, tHR AW F:

TP
R =
TP+FN

b, TP TF ORI 20, FN 2 38 far il
TFR I EE.

(3) F1 5331 (F1 score)

F1 5y 8152 Precision M Recall VA A 318, f&iid
N FL, ARWF

F1 =2x

Precision X Recall

Precision + Recall

(4) HEFIZR (Accuracy)

— R RV A AT 1 4 SR HERA AR L, fAlaC N Acec,

HEARIT: ,

N

TP+TN

ZNtotal

Forr, TPRAI T 5 IR A T SOIRS HEE,
TN F kil th JETF RS =, ZNtotal%E/j?Fﬁﬁ
FRIFRH H A,

(5) “F-¥JKE FE (average precision, AP)

SV E5KE B2 A P A P SR AT S AR R o] i — BN S )
K AG . sz b, AP P — RITZL R IKTHA, /& 5
A 2K B 5 11K FE Precision R T A G B0 1 LU AE,
AP, RN BT IR AN 25 iR I P et
AT IRREAPH) AR

Acc =

220 #HAHARH 1 Software TechniquesAlgorithm

Z Precisiongyitch
Niotal

Hot, APgyiten T 7 BN 8 51 TF IR 3 1S 3 65 B2
Z Precisionsyiwen 21X — R FF RS FIRE N, Ngar
& AN RATT R 1) B

(6) HME T HIHEE (mean average precision, mAP)

BHE- YIRS BEmAP, & F R S A B R R
o UK B2 38 mA P B iy, 27 LA A (A I 1 e
B mAPHITFE A QR !

ZAPswitch
: Nelassestotal
HH, APgiten T 71 3 TT H MR 25 109 T 289 4 P 14
Z MAPyiren & T 257 FAR A5 RS FE R, Netassestotal 7
TR HL.
2.2 SKEBREEROR
TEIRARES TR BCR V- 458 bk 32 2248 H Precision
F1 score~ AccuracyFfmAP ({E 525w 43 H & i N P,
F1, Acc FlmAP), loU¥J B 0.5. ¥ EE 2.1 5[ 54
5 T AT SRS R 24T, Bk AR S ek B (A 2.
(1) ANIF 22 53 SR A AR A8 FH S 0] L e 56
T, 8 — 2H SIS 30 E I K S AR B A Rk,
ResNet50 H1[1) conv4 5k 2 Yefie Iz IK B AR, FL2h
% 3 Pios. \

\

%3 EAREY KEWKE R 55 %)

APgyiteh =

MA Pgyitch =

PrikE ¢'P F1™ Ace mAP

1 L 64230 67.59 88.47 85.69
2 65.41 68.51 89.23 86.14
3 65.37 68.42 88.92 86.12

HE 3 85 AT 50, AR S 4k b, I ae ik 2=
(RS2 B /N AT DA TH S ARG ) ) 25

MEL 8 FRFAEE e LU H, convly conv2 it
H R AE B 5 5 G AR LB B R R D, Bt LA SCHE
conv3. conv4, conv5 iX 3 MEHE I ZIK G, SR )G
X conv3. convd. conv5 i £ 7 LK EFH A
TEREAT T S50, 5 R WK 4 k.

i3 4 7] &1, £ ResNet50 F1ff] conv3. conv4.
conv5 1 F 2 73 KB ARAETF IR S B 4 H AR
Ut LR AImAPE T 6%.

(2) CSFE RTREAE 45 J 25 A A8 FH AT I TR0 L S 56

AT FPN 458, 75 J5 FPN &4l Ein—2%
BRI ARFESE SR 0 73 32, il 1 P2 LS g, 43 lE
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BT M 4% A ResNet50 Al IK 5% 2 W 4% /) Faster R-
CNN #2 F X bk FPN oot iy fa AR 2 (ks 2. siig 2% IR
W= 5 Fiw.

R4 ZHWIKERAREH KX LS (%)

KSR EHE P Fl1 Acc ~ mAP
NG 6423 67.59 88.47 85.69

conv3, 4 6538 6842 8892 86.12

conv3, 5 65.02 6838 88.58 85.76

conv4, 5 6541 6851 8923 86.14

conv3, 4, 5 65.47 68.54 89.27 86.27

HHEE 7 A1, Soft-NMS X 15 8Y [1) R i 8R4
TEH. BUNEHE S &G B Z BRI, HiIXEIFR
SHHA, EATMIX LETF ISR, A H bR i 2 A IEAE
RO HE B, Soft-NMS AL S ) NMS A5 2oth i i1 &
B I AE.

#£ 7 HH Soft-NMS 5 NMS [ L5256 (%)
R 2 f P Fl Acc mAP
11K 26 AU 25 X 4R+ FPN+ SR 2 74.1877.2493.69 91.43
T 6 AB 25 P 45+ FPN+ 2 25+Soft-NMS  74.36 77.61 93.84 91.50

RS RHIEG T IS SR 8 RS X LSRR (%)

¥R 24 f Y P F1  Acc mAP
ResNet50+FPN 66.02 68.44 8924 89.79
ResNetS0+Z{ it I FPN 70.89 74.02 92.06 90.62
I i % 22 X 45+ FPN 70.43 7372 9191 90.48.
2 1K Bk 22 X 8%+ 4k [ FPN 71.36 7521 92.43 91.02

S AR, 76T P2 R R AT PPN 1 2CR
FOAH 24 W5, LA ResNet50 AT 7 46 (46 R 5 i 412 7
T 4.1%; {8 F S G B9 FPN, 3271 T %5/ B AR Bk il
e 17, LB RT3 TF 20 0.8%, BEAK 5% 2 0 4 1 ]9 8 T
925 ORI ETE T 4 0.5%. 1 WISk 1) FPN X FF250R
AR 1A

(3) 16 HE B AT /5 1o Ll Sty

PL_E—4H 5286 LA, 7 Faster R-CNN ) RPN K
% o BE B I A R S I HE /N S 7 B A9, 8
J& RPN {6 6 HE JX ~F A0 {81 i K-means++ 50745 H (1)
R HEAT X He S, 45 B nF 6 Fixs.

6 FIAE TR SAE AT 1 HESES (%)
] & A5 7R P Fl1 Acc mAP

ResNet50+FPN 66.02 72.54 90.06 89.79
ResNet50+FPN+E 7204 74.02 91106 90.28

N A
T2 % 22 X 45+ FPN 7136 7521 9243 91.02
N N _5
KR ZE I Z4+EPN+2EE & 7418 77.24  93.69 91.43

B 6 TN, TETF IR ASHOE A b g e Al 5 80t
BRSO R T 8O, 3 B i R R T AR AT
SR, K 22 B0 5% B AR AL /N A g 5 L A3
FIT DA A SRS H FHASE 2R 1R 1R FE A A

(4) f# ] Soft-NMS 518 Ff NMS X} bt SR

J Faster R-CNN #5584 fifi I ] J2 A% 4o 1) NMS ik
Sk U i) 2 B (S A, )R EE B I, NMS [ 5 1 £ 5%
B o FEE R, ASCEGHERIBAAE H Soft-NMS,
P v 1A BL A B AEE (R 38R, T B R AL RS P

%

(5) Faster R-CNNI5 3 R I 22 1] o
s ()

G ARG Faster R-CNN 5 YOLOVS,
SSD LSz, Hol, YOLOV3. SSD ¥ i J5i i
BT M4, S b g Rk 8 Fk.

F# 8 TV S AR ST Y ] LE SRS (%)

g eit] FRAEFREUNZS P F1 Ace mAP
Faster R-CNN VGG-16 64.32 63.26 83.27 84.47
Faster R-CNN ResNet50 65.01 66.31 86.30 85.61

SSD VGG-16 65.82 67.94 89.46 87.53

YOLOv3 Darknet-53  71.24 73.36 90.97 90.02

udE i Faster R-CNN  JiZIKFRZ M4 74.36 77.61 93.84 91.50

RS TLE FF RS £ L LLE S K Faster R-
CNN K TS BE4RTE T 20 7%, T LA B4 1 3 )
Tk # A L 44 (TP SARAS I 2 1 U i
R FE TSR, s B K B P G e IS R

R ey W FR T 2 PrecisionFIF 1 score 1%
(RIS, 00 B T A8 S B R 0 it LB, L0 HH FF 6
RS 234 5 B A

H9 T HE— 25 4 B AT BT 1 46 0 R ek DA i
SPE, %4 T B ) Faster R-CNN REAL 25 11 T 4700 452
ST S 2 RS P N St 2. 25 R 14, & 15 .

ML 14 g 2 TT DU e, B 7R AR 4 000
step 2 JFHRFEA S, B 15 o iy i 27T DU
WS 1 261 %5 40 epoch 2 JE FEAR UL 8. F7 LUK [
VIRt RE R, Wit B e .

B¢ )5, % T B3 i Faster R-CNN, R 24 78 FHofih
FF AR L AR RCR . B Faster R-CNN 3
K Bl FBL I B A TSR AL O AR B, ) 16 s,
AT DA B, BT AT AR A R 00 PR T 6, O L
ot T AR 25 1 4 S B 2 AR 7, 0 A 0l B W £
fEF.
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3 Mg HRY

BEXT KRR B o BT SRR ) L, $ i T
BBk ) Faster R-CNN: it 1 2K ik 22 W 254 i+
W2, ST T RRURIE SR BRI 8 ESCHERFAE S 7 85 A
2 kAT 2 RZREG, 3270/ BT S i Aer 28R i A
K-means++5H20 T R I FL 530 FAEREAT 22K, Beit i
B B A T IR Bt S A e HE RS AT Soft-
NMS AU NMS, BT NMS ) ZFRIEREN T 5%
K ) s md . 2, B I mAPILF] 91.5%, Hf H.ELsk
B N2 FH -l 7K B RE HRL I I8 4E K B8 T SR 24 B
PO, R A5 T R e /oK.

FE Ve8I SRR W el L, SEBR B v i T4
S5 7 JBE W] RE ™ B A 19 VA% T %, AT S AR AR (T 5%
R EHRFIR A FE, 1 — AT AR BT 2P R

SEH
2/, XS T, R, S5 T 17 2 RE R 0 I R R R
Fi R, E L TR SR, 2015, 35(3): 503-511.
2 Li B, Li T, Xu NW, et al. Stability assessment of the left
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—
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Sciences, 2018, 104: 34—44. [doi: 10.1016/j.ijrmms.2018.02.
016]
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7/s10098-020-01896-x]

4 JE, R, WIE W, & FET NSST K& fil & )2 f b T

FORA IR, = 2%, 2021, 57(10): 50-58.

5 AW, B2, TheE, 5. 5T B L RIIE R 286 55 1 5%
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10.3969/j.issn.1003-0107.2017.04.002]

6 BHHE, HEfRAE, AR, B REAS B B9 B SR A B R  Hr
ik HLEAAR, 2019, 34(5): 498-504.

7 VRV, BAEE, SRF, S B IR R AR 3T 0078 B A AR
PR AR I 5 1R 5 SR TR BH Ik K 2 22 4R 2020, 42(6):
676—680.

8 T, MfE ¢, THS, . — Rl ot (0 5K 8RR A R
SSD %y, Fll 54K, 2021, 58(1): 69-76.
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