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Abstract: Infrared detection can detect the abnormal temperature of power equipment in substations, and reduce the probability of
safety accidents. Therefore, an object detection algorithm model of CenterNet = PRO based on improved CenterNet is proposed. This
algorithm adopts ShuffleNet V1/V2 as a backbone network, and introduces a feature pyramid network (FPN) to extract multi-scale
features. In order to overcome the difficulties of target detections at different scales, the algorithm increases the rotation angle regres-
sion branches, predicts the rotation angle of the target, and optimizes with the improved IoU Loss, further improves the model detec-
tion speed and accuracy. The threshold segmentation method is adopted to extract the surface temperature of power equipment and an-
alyze and calculate the surface temperature, which designs and defines the temperature defect judgment specification and temperature
warning threshold of power equipment. and judges the related defects of power equipment according to the specification. The experi-
mental results show that the average accuracy of the improved CenterNet model reaches up to 90% , compared with the traditional
CenterNet model, the average accuracy improved by 1. 3%, which can meet high requirements for infrared detection of power equip-
ment in actual substation scenarios.

Keywords: centerNet; shuffleNet; power equipment; infrared image temperature defect detection; multi-scale feature extraction

0 31§

PRI HL ) B 4 19 22 4L A 58 AW 002 A7 0 rL A7l 1Y
RIEEREZ, TER B b, R AR IR 2 G E %
FOERAT o ARG A DN T 35 Y Jm) R P 48 8 200 A0 ik B2 A ) 4
ARIEA # 32 GW B BT S SR, i er 52 BLAR X AL g
i P VA e 2 L BE ARG AT SR A7 AE B

UTAEA . WFFE NGB 1 & Bl AT 0 L ) a5 9 20 M LS
Kol 77k . ERUFF AR N T —Fh s FLANEHR I A 1 2
BRI, DASEBUXT IR 1 2 2O D . AR 9 BRI, A

Wi BEHE:2023-07-24; {&EIHHE:2023-08-17,

T35 B P PE S RO P . v B BRI, DA 35 21 X 4 4)
PES BT R T 0 . TEBLIERE B, PRl 7 —FhET
PG BE (R Ak 312 T3 9 - O R0 BT 48 180 K B AR Ak 4 U7
e 0P HBRIERT TRRAE SR IR, R A AR 2 I 4 0 HLE AT
SR E AR — LR A R . SRS AT MAT-
LAB JF% 7 R P s . S8 1 3 B2 (i A 3R i
o SEYGUENT . TR A 7 3 T LS B I R R PR
R B BRI S . B AR LU A N 1 JEL AR O S
W T B AR R AN E N RS . ARG

B S TUE #7148 K5 A B QT I SR G d A 3D 5 H (2023R406019) .

EZ & A SR AEEE (2002 ) B R AR R A,
SI AR IR SR Y

A BT Uk Y CenterNet A2 L 3l Be 4 £0 AN BEAG I 7 i [T 1. 3+ S AL 4 5 4] . 2024.32(7) .50 - 56.

BB MU www. jsjclykz. com



%7

FRAEEE . % FETUGIER CenterNet A48t vl 5 4 £L SNl E A6 T O T4 - 51

VLALLM %0 R C# it SEEL T X5 R A5 5 1) SE i
W ZARGERE XTI T & L R A T AL
Wy JE LA TR A B . U RS B, KRR SRR —
T 0 SR e AR X AR o T 1 A AT IS 2 W O . A
R B, PR T R T e B R IR B A s IRk
T B TR B ARRAE 1 728 W i AR 58, N T T8 W i &R
b, AT AT 5T R K 42 TR X TR 1 HE S AL
B, R T XA A AP, X T AR H s B H R e R e
BITKFRAEEEE L.

BARGRET LRI PR, RAS R CenterNet 535,
T AR v AU A RE RO BEORE L3 ok X T R A AT Rk, K
ShuffleNet V1/V2" YER B T W 4 5 ResNet-18 #47 & #e.
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Layer Output Shape Number of
Parameters
Input (batch_size, H, W, 3) 0
ResNet18 (batch_size, H/32, W/32, 512) | 11,689,512
Conv2D (batch_size, H/32, W/32, 256) | 1,179,904
Conv2D (batch_size, H/32, W/32, 256) 590,080
MaxPooling2D | (batch_size, H/64, W/64, 256) 0
CenterNet (batch_size, H/64, W/64, 80) | 20,513,680
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Layer Input Size Output Size
Input HXW X3 HXW X3
ShuffleNetV1/V2 HXW X3 H/2XW/2XC
Residual Blocks
with Dropout/BN H/2XW/2XC H/4XW/4XC
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WK LIoU, Mgk L, BRBIK L. WLV ISR
ToU J& B K U AR W G ST 00RY X R BE — 5 T2 1 A
AT ToU Ha] BE B4 120 IR DR IR B4 [l AL
2 XBRERSH
2.1 ASAHGHERSE

TEABETE . ] T DS HL 3t 8 8 4l 3R A9 21 1 PO 5
B g . % e R e R AR BTG A& AR FORAY AL
SMIR IR BEUCAR 1 . IxX e AR G Oy AT R A T O T B
BATRAE I E Z AR R A B T U0 T A 0 4 i oK
sl Pk BE )L

TR B B4 R RGE A . AR SR A T OpenCV
OF BRI SE D R4k FX 221 5 48 . OpenCV & —
AR T H . %o EAR AL BRI AL AT 55 5t )
ZHT AR Cob Gk X AR 2. JF I, T Hid
YRR . 45 Python, Java F1 C+ +, ffi H7E
I3 R AT

i A OpenCV, AU R AE B M L0 B R IAAT T —
ZONBAE B AR DAOE A 20 B AR R0 9 2008 . 3 4 it
AL FRERAEALEE . IR B AEAS 4, XA B T 0 5 RS A X A [
Tr 1 ER Bz AL RE 7 s BEBLEL BT . mT LA A 45 Y X Pl 45
JE TR BRI B g L ur AN [ 1 5 X Ja i SRR s e e A
e, M SR AE b PRAGURE P A5 IR 45 M s LA R S AR
JEAE e, X LEHR IR Dy TR AU S Bk B A ob AT RE I8 B 11 4% B AL
FOANBEE . X ATk . RE S S A A0 A 2041 B 1R

Fo AR NG AR Sl U g MEAT W AR AR Y, AT B T i A R AR
YAVERT RN, @A X wERE, TUFERIEN2
FePE, RABAINRIRGE S . HJF2E% A CenterNet _ PRO
YN 78 )2 ME 45 . CenterNet _ PRO J& — /4N 112 B 40 4% 4
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PRO A RE[FI A 00 H AR A 2800, A REM S S HELR
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555 77 TH P g T BC0R .

YIS0 A A8 B sl o T S B 48 — S 1 185 SRR,
G- 6 EBR, EHRPEE 640X 480, Nk 3 FiR.

F3 LD R A B

Class Name Picture Numbers
cablu 235
componenta incalzita 150
legatura 200
Motor 150
puntosub 200
Solar panels 250

B 5 7R TS Wt R 2L A0 R RO 4R B LA 2 3 A
ik - P s g i B 2 5 R BRI AU B A Y 52 Ah
B BEERARE, BRRBMHDN, T EOE BT AR,
[ P it JBE X[ ) 70 St AN 9 2 5 20 AP R TR B0 3 o i S
WoNEROE B s AN, BB P AR 2 MM, H
LR Tk o ISR A L A B 3 ofe TR
ARNEE T ST PN 1

B S IR Bde B 3k o3 e A
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18. 04 BER G IfE T RIS ECH : 22 B E R 0. 001,
AR 100 Y, FH#H Adam PSR HEAT S HCE B .
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UL IR A T A v 3 U A% EAT LTS EAR R 4. XHAR B Y 41 b
ElgiE i OpenCV AR #4705 Fi 4k 22 5

2) CenterNet # K gt ik, 7E CenterNet Ji A5 %I FLff |,
B B2 04 B = RN IR B AR G CenterNet + + 881, Jf 4%
CenterNet++ R v, S A5 U2 F— b4k )=
NERIZHA 256 4y LI

3) CenterNet 21k . ¥ ShuffleNet V1/V2 £ K%
W T R Y, A S 4 A UM E 8 S O 1 4
A HR R IE SR B AR 1 OR R 5

4 ¥ 10U MR 0.7, E 3 FF B0 T 09 % 2k
R IFARYE T 45 2R Bk o i e B R TR I RO 2 A R
B, dEMAE L R O L

5) ToU Loss it & B B B0 . D ToU 1w FIh AR
() I A B 4 /N R R, 3 BB XS wo R 2 1 SR 2 2R IR
AT REST AR KA. B 58 R CenterNet BRI HE

Xof B TR P A BE AT 20 A . A SCHE CenterNet il
AT M, FRNER 4 R,

R4 ZRTH TR TR

Ptk oy e mAP |Epoch| Hm_Loss Loss Time/s

CornerNet 0.723] 400 | 1.2 178 887 |0.995 957 | 0.75
CenterNet+ + |0.711| 400 0.862 970 |1.023 702 1.74

CenterNet+
0.853] 400 0.542 571 |0.871 980 | 0.92

ShuffleNet vl/v2

R 4 AT, BBk S Y CN _ PRO #5281 (Center-
Net+ShuffleNet v1/v2) J5H mAP {HE K, N 0.853, %
WGPk k7 B2 mAP {BAE 0. 73 LI . mAP %4 7 A
R AR TR BE L R LR B X R AP R 0 AL
oy A IR B v e le . S5R N 5 K.

RS BERA[E LA R A A B B AL RE IR Il R R

Type Picture Corréct Average Fall().ut
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