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Bolt defect recognition method for transmission line based on joint struc-
ture-semantic relationship graph knowledge reasoning
ZHAO Zhenbing'**, WANG Rui', WANG Yiheng', MIAO Siyu', ZHAO Wenqing**

(1. School of Electrical and Electronic Engineering, North China Electric Power University, Baoding 071003, China; 2. Engineering
Research Center of Intelligent Computing for Complex Energy Systems, Ministry of Education, North China Electric Power Uni-
versity, Baoding 071003, China; 3. Hebei Key Laboratory of Power Internet of Things Technology, North China Electric Power Uni-
versity, Baoding 071003, China; 4. School of Control and Computer Engineering, North China Electric Power University, Baoding
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Abstract: To tackle the issues of visual inseparability and semantic ambiguity in identifying transmission line bolt de-
fects, a new method using joint structure—semantic relationship graph knowledge reasoning is proposed. Initially, a se-
mantic expression module extracts feature class mappings that highlight the discriminative attributes of each bolt. Sub-
sequently, the structural relationship graph captures contextual bolt information and establishes spatial relationships
across different scales. Utilizing a graph convolutional neural network and cooperative learning, the semantic relation
graph nodes are updated with structural and semantic knowledge derived from the bolt attributes. Finally, the network
employs label co-occurrence information from the bolt training data set to improve the accuracy of defect recognition. In
the experimental stage, 13 types of bolt properties across 3 types of typical fittings were examined. Comparative experi-
ments show that the method proposed in this study outperforms other methods in identifying bolt defects, boosting ac-
curacy by 8.12% over the baseline model.

Keywords: transmission lines; bolts; defects recognition; knowledge representation; knowledge reasoning; graph neural

networks; structural relationships; semantic relationships
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WHEN 0.5, FALHBAIE E K 0.05, BUE K
107, i AR BE T B ik AT Ak -
4.1 THRREIE

1A H T AEHLZE Resnet-101 X 25 X5 A [f]
BEH 7 AT 57, Hoh STRG il SERG e m 25 1)
il X R B, My, 727~ Transformer FAI0, Mgex
KNG LML, 3R 1 iR, RHZm%
PUN IR RE 3 248 bR PPAh - YR FE (AP) R A
J& TP 085 BE O Y E (mAP).

M1 AT DA DL T 4598

1) 534k Resnet-101 #H kb, Jil A Transformer
MG, BB 2 M4 IS, mAP (938 K 0T D B
AR HT N TR A B A A R

2) g5 45 K R KA H Transformer AT #E 5
LR mAP 3275 T 1.14%, d I ATIER B R S0fE
SRR Z JE R P B B R TR
/N E AL EE BT RES T R R,
5 RUBEVE B 1A 5 Transformer BT & J5
RERRITE T 1.97%, FES5H T 08 531
K% 25 B, %% Transformer G HERf R UL 0% A 42
T, ATUE B RORE R O R a1 i R R
Pz LN
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3) 3 gk PR 3 R A 42 I 4% S B SO A AL 7%
AT 2 B U PR AR, R 454 G R B AR L
JEAIFFAE S JSSRnet # STRG it — & T
1.09% By 1PERE . DIJSRnet b JE4E Resnet-101 B4k
TR B T 3.48%, WE K Bl [ 1R 50 o 1
PR T 8.12%, X 7 B &1 45 BHUR 28 1) 4% 1T LA
PRI B2 380 B 000 0 3 SCRRAE, 58 B
74 Rt

SR IR T TR 3R A S B 5 R A JLBE B 1)
H, R H EBARKEE (OP), BAAA BIE (OR), &k
F\ {8 (OF)) M4 KK (CP) . A 2K F [ % (CR).

R F A (CF) 1R — 2D LA, R 2 MLEL
3, All /8 mAP S ER 2K EH . Top3 Enss
BIR 23 2 2 3 (5 5% W A 3 4 i br &, Hor,
OF, 5 CF, B H A48 tx k2 &, T &R H mAP,
OF, 5 CF, WL W & PPk F5 b5 . a0k 2 iF
78, MM Transformer #.0 , &R 2% | 15 X
KRB S S5 R B 5 il SE A S g0 25 2 1 3
PeTt. FIEF, 35 R ERB B EER R R
Ay, 2545 RIE 518 O RE R PMEE S
il A TR X B AR J T R AE 1 0 S BB ) — 2B 4

Table 1 Ablation test %
i HL Mirans STRG Meex SERG JSSRnet DJSSRnet
FF 1 £ 88.7 89.1 89.4 89.8 88.9 89.8 90.2
L 89.3 90.0 90.7 90.1 91.0 91.4 91.6
TF B+ 86.4 87.7 88.0 89.3 89.6 90.7 91.0
FF O+ 88.2 88.6 89.1 89.1 89.8 90.2 90.3
IR B+ 86.2 89.7 90.3 89.3 90.0 90.6 91.1
FF AR B+ 83.8 84.4 85.6 85.6 86.5 86.8 88.2
T3 1] 92.6 93.0 93.8 93.9 94.0 94.8 94.7
U 5 ) 92.5 92.7 93.6 93.5 93.6 94.1 94.6
fRfLk 91.0 91.7 92.5 93.4 93.1 93.2 93.5
15t 91.0 91.4 92.3 92.5 92.9 93.3 94.4
R 91.3 91.5 92.2 93.5 93.8 94.0 94.7
AR TE 89.9 91.7 92.5 91.5 92.6 93.9 93.9
LES ] 85.0 89.4 91.7 91.0 91.6 92.8 93.1
mAP 88.9 90.1 90.9 91.0 91.3 92.0 92.4
%2 HELRIS HMIERR
Table 2 Other indicators of ablation experiments %
All Top3
Tk mAP
OP OR OFl CP CR  CF, oP OR  OF, CP CR  CF,
Bk 889 893 83 857 789 691 737 912 678 778 80.0 52,6 635
Mrans 90.1 904 881 892 848 860 8.4 928 698 797 873  63.0 732
STRG 909 905 8.1 898 838 843 8.1 934 698 799 8.5 61.6 719
Mgex 91.0 875 873 874 857 848 82 923 695 793 908 631 745
SERG 913 878 878 878 8.4 855 89 930 701 800 927 645 763
JSSRnet 920 885 8.1 881 8.2 849 8.5 933 699 797 924 633 751
DJSSRnet 924 920 91.6 91.8 885 864 875 928 703 800 877 652 748
42 FtEESELE FOR N T i AT X LS g . 5 A U0 A

TEAR TR A iR e 2 Jm PE AU 4R b 5 o i ]

FeanEk 3 fim, ML-GCNJ7 U8 AR #8125 4 A
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AR o AR SCOT EEBE N T 0 A (145 vh 45 445G 5
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Table3 Comparison with advanced identification algor-

ithms %

Tk 28 ML-GCN MCAR DJSSRnet
JF 11 £H 88.7 89.0 89.2 90.2
HERE 893 905 90.9 91.6
PAREGERR 3 86.4 875 89.2 91.0
FF O+ 882 895 89.8 90.3
IR Ry 862 902 90.9 91.1
TFOHHRR+ T 838 85.5 86.2 88.2
K] 926  93.0 93.7 94.7
R A ] 925 928 94.0 94.6
PRk 91.0 929 93.1 93.5
et 91.0 92,0 93.1 94.4
Git: 3 913  93.6 94.0 94.7
IBRIE R 89.9 903 92.2 93.9
BRI 850 883 92.0 93.1
mAP 889 904 91.4 92.4

5 HHRiE

SRy SR i PR 2 B MR AR B TR, AR ST e
TEZEH) K R E 5| A Transformer 4244 2% > 12 42
T E R REENIE &R, S ET
SCAF BB R, 38 T B RORE R R RS AT fg
R B ER R R T RS AN A /N BAR R B A
B FIHE X R & JE Hmh & 24 > B A H 5] )
1) 8 PERRAE ; Z 5 A B A 4540 ¢ R R 515 X6
B 28 R A FRp 22 ) 24 2 2] W8S AN () J& 7 22 [A] 1Y)
IR 5 S5 J5 ) FH B8 T PR B0 4R v oRE DG A 58 4 B
FRAEPRZ 0] O R, M4 Jmy A B X R A ik e 15 8
AT A 3 5 3G, DT A DR MR A4 SR B TR B AT 55 v
ARG AS AT 3 5 18 SO SCTR) R

T2 T AR B AR WAL e 5 A ) S5 ds g | A
B WS BSR, RIR AR AR A | 1 R
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