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Abstract: Transmission line inspection is an important means to ensure the stable transportation of electricity ,
and existing hidden danger detection methods are difficult to effectively model global information while ensuring
real-time model performance. This article introduced a state space model based on YOLOvS, and achieved
long-distance hidden danger detection in space through block operation and low rank approximation, and global
information was extracted with lower complexity. In the state space model, cross scanning and dynamic multi-
path activation mechanisms were used to address the direction insensitivity and non-causal characteristics of
the state space model to image data, capture hidden target structure and pattern information, and using spatial
context information to identify local features; In the stage of target classification and localization, a separated
detection head based on spatial alignment was designed to align spatial misalignment through different rep-

resentation methods to enhance the accuracy of classification and localization. Finally, experiments show that
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the new model outperforms mainstream single-stage and two-stage object detection models in terms of average

accuracy and frame rate with an accuracy improvement of 2. 8%.

Key words: state space models; YOLO; Mamba; target detection; hidden dangers in transmission lines
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Fig.4 The specific structure of the Mamba module

EZ XA ST IR 1P = N A 1 o PN

B, B AFPHES 7 A A FEAT AR AR ZS (Rl AR

H, BT RE R B AN S RIE R A i HLEI ]

D3 iR A 72 TRIASE R X Ay v 2 o B AR PR X —

DRI SR 0000 ) RS ), i A v e B B R IR

)4 R PE , R AT A M AR BERRAE .
AR AR 2 [ Al T RoR

y=¢u(T), 7D

K yRaREE RGO HE S, T=

TER"", ¢, O Z AR B AW IR 2 (1]

fltise, BABBIA N o, O RBORIRT

—HE R P SR, DRI AS Lo 47l 08 25 ) 6 B 1

SHIRETT , BRI T X R R R RIE . i, AR

SCH 223k DU T 1l HE VI 50 A YA T4 T AR
B EAGTR, RR N

V=L (T"), (8

FRERE LA AT BB et th BEAT T HE R, 2

B ARHERF FRSIIE B, SRF AR, KRN



512 b R A s CASRBREROD

2025 45 4 )

JA/:AZ‘{ykgk,
g = Softmax (@0 (@ men (@eonea (y)))), (D
K @eonen O FH T L A IR 25 A TTAR
POt S @ e O 0 T U5 1 B2 2 B SR I #21F
Poro OB R IIE G BB R 48 0K Ry 4 1 1) &
Softmax ¥ % PREUH T3R5 B IR RE I e &
IH— AL

2.2 EFZEXNFHSBERRN L

55 2. 1 i R ICT B R ) = B R AE , 98 O
00 M 4% PANet (Path Aggregation Network) 47
FROERLA, HE0R T 2 NUERHIER RIKGe . #EH
PRy b, PANetsli ok @ F i _BA A B
WA, B AT 2R 2 REFHIESETT LG
A B T TR AR KN B AR R aE g, AT B
o R TR  RRS I A R PE . E Z2 RUOEE H ARG IIAT:
%5, PANet 23t 3[R RUBE O REAE , 43 30T
T AR 1/8. 1/16 Fl 1/32 Y U . kg
FENENG 5 53 30326 AN ] (R 4G D S v fAUE T S 24 1 4
RN THE, DA A I 2 5

SR, YOLOVS H e HI % il i D =k B AR g
i1 53 ZE I AT 55 FL SRR AE WL A A [ 43, (H
ZWE T 43 N AT 55 =2 () B LA 1Y) 5 A R A
KF o FERTIN K 3§ P 3 5 0 28 FE AT 55
A S ) SR, I Hh e A R 8 T
HE, S8 5 8 VAT 55 (] B 25 [RDXE 5%, DA 4
PARAER R i

23 [A] % FF AR He 37 Transformer ™ §9J3 & , F4
P2 Z A O R AE N Key, H Key 1458 5E (AT
% Query, $ETF BN S5 R BEN . Query Fll Key
FNE B IALE P& U582 ARTT , Query fRERAIM),
Key U5 . T4 B 4 i B 8 UG b H AR R 1R
AAERRE, »RMESECAHRERER O R
PR E T, P S o 2 TR S AR B B ] 3
S AT S5 ORGE BE, aE— 2D B i SR Y AR A
BiRmymnG I AFmh
[r=f0E DT O £ gl gf) Linear, (£, (10

Lr: £, £ g 4R Query TR R S
AL & £ gl A Key TR & BT A
FULr o< &5 T ) AT ARRUE B9 iR %k s Linear ()
REAEY , T3k 1% Value.

PREL T ()R~ N

TS S gl g )=
Softmax [ T*( f4, /) + T (gt g1, (11

A T O Query FARZE 15 i Fl Key HIR E 15
J AN AR RLEE 5 T O ER Query R & & Al
Key HRZ s j AR 7 B LA 3

WE S5 Prs, Query fREIIAE, JEAR K HX
WX 4, R U] )i A 4, 40RE S B MR R A
T —A~ B bR AAHE . Key & F0 SR AE, IR
R HXWX2, JUaf R 2, B4 Query Fll Key 9
RS, Tk AT AU 1550, IR 3 i 4 R
b 1R Query i HX WX 2 4T )5
et

HXxWx256 HXWxN
vy A
Syt R
HXWx256 HXWx2
L7 V.
HxWx4
o Key 25 [ SR }—1 IR
HXxWx256 HxWx4
A A
o Query

5 A Sk By HAR S

Fig. 5 The specific structure of the detection head

3 XWHERSHM
3.1 HIRE

AR SCEE B A VR T [ 5 H RN A F Ry S
R ARG T R £ 1) %) 46 2% T B0 4 5 7E FLIERE b XF
Ak, JeH, PRI L3 HR, 2 7215k K A &
AT T hRTE

SEFRI A F o JE A LA 4 T B I 25 A
JE RN G R S5 AR Ak, PR I A SCRE BIL A T o A
A, S BIEAT e R B B Bl B G AR e b
B, BLRA B FE P AT REZ B T AR AR L
AL, WAz AL RE 1. ¥ 78 e
B4 5 6 230 5K IR Fr o DA 1 5000 4 v Bk ik
80 A RN ZEE , 1096 4F Rilik4E , 10% 1F R %
UELE , SR FH 40 2 e 0 i 1 54l 2R A7 B AL 4] 4
[v] Bof ¢ 7 I 25 A 3 v AS [ 2000 P 1 A A 43
i, FESLIERE B AT T BRI SR, S H0R e
=2 PN



CEVEE 222 WD

e TOIRAS 23 RIS 1 i R AR B U F ARG 7 1 (B0 55D 513

K2 OHMSHUCE
Tab. 2 Hyperparameter settings

WS B HRL{E
ElRITAIN 32
VIER 28 200

FURGEETE S 0.01

Pefbss SGD

A BRI HER 640X 640

3.2 iFNdEER

AR SO H I B4 R BB 0K E mAP R
TR B PERE , DA (EBS DEWIPERE B , ez
IR

NTP _ N'l‘l”
Pi NTP+NFN ’ Ri N’I‘P"}NFP ’
] S AP,
APZJ plr)dr, mAP:%, (12>

K HRHPECTP) L BHIHECTND | R (FP) AR
BB CEND 2y H s A 0 A5 ARG 0 235 R 17 4 A2
(BT 3F0D, N b EIE M IEFEA S H bR
AR, Nep I AEA SR HARRT R AR IC o 1
FEAEL H AR IR, Nen VAR DR A R BEAS N 3] 1Y) 1
FEA T H AR B , Now 9 E 8 U0 A4
A s POREHE% ; R A W AP VB
FE s mAP RBHE- YRS B, o8 Fir A7 8511 AP
M F-B{H , mAP BY(E 8K, BRI 28 5 Mg i
U5 n MIEREC

3.3 EEHMREIEIE

BTV 40 o =343, 43 il & 1 B RE S 2k |
Oy FEAR RO SR o 0 FEHESS 2% FH 1 g o T
D321 S HE 5 S B A 22 (R A 25 5 . 40 28455
T RO H BRI 5 PR Z B 25 . R
R T B 2 3 o XA 8 BT B SR A AR A
(RABE R 28 B AR A 38 o R 401 2 R AR L
ROH WS AR AU S, S At B LG, DT il
AR M RE A Ak EO0 T AL

Kl 6 iR, ERAIYI R 1T A5, #e H
R, TOE S FUSE 2E RAR K, BRI R a1 L
FITsRAG RS BEAE ORI , I AR i TR B T
FE 112 210 YRR, BRI B 2R T
2%, (B MBS, 21 81114, BISAE RIE,
AR A LA 3 P IR T, b A A8 i A SRS
I SEE . 111 5] 200 %, AR AE RS 201>
BN FEEARFEAAS , AARBA TS, BLrs Al

Gre FERRE A, s 12 .

train/box_loss val/box_loss ——— train/cls_loss

Loss{H

val/dfl_loss

val/cls_loss

train/dfl_loss

1 1121 3141516171 8191101111121131141151161171 181191
PLIEE RS

6 FERIAUTSIU LR

Fig.6 Convergence curve of the model
36 38 AR TR P LV R BRI TR 2 - [T R il £k
(Precision-Recall Curve, PR 1 £k ) 43 #7455 AU X% AN
[F) 24 1) L %) A 00 R 0 s A R BE L AN &1 7 AN
K8 itz , 1. 2. 343 MR Ie | 4 2% 1 Bt ik
o WK, BRI Je H | 40 % Fl R OAER A A
(R 8 18 s R RIS o AR SCASE 78 g e G 8 A 0 A
%, o 4 2% 7 R BRI 1 SRS IR B T
96.8% M195. 1%, Je B J& T8/ BB i) H 45,
FRPRE EERLA, 82, 1%

0.8
- 0.6
104
o)
E -0.2
_;3 0.13 0.02 0.04 0.00
1 2 3 background

7 AR E AL

Fig. 7 Confusion matrix of the model

1.0

10821
0.2F 20968
30951
— all classes 0914 mAP@0.5

0 02 04 06 08 LO
eI

K8 A JB I PR M2k

Fig.8 PR curves for various types of defects



514 b R A s CASRBREROD

2025 4£5 4 1

FERIXS /I H bR B R M RE AR 18 9 Fras, %
R8N I B8 E bR, A8 fr A 0 ' 1 8 A X
BAK, EILP AR Ik s iR AR . Bk, #
Y RE % A7 ORI 21 /N RUBE AR ) 6 B, X715 45
TR A AL BT R 1 42 Jmy RS2 B, AR
REAZ RS 0 b DG H AR X8 R /0 b M ak e
PRIC AR I & SR rh, — ™ E P A 48 2 11T
SRWR TN o AR AR TR Y H AR AT
L bR, (EA AL BIPIR S 28 ()RR AE 53 A, 980558
TR R E RS . HILRIR, 5T A
Xof 551 73 R Sk RS AT S 03 28 5 R AL AT
S5 IR QIR E , 35 B T FURE O RS 2, DA £
TAHE S H AR X A B

3 > ‘ ; ?@@PL& s;fs:tor\:qiﬁx

S T th \
;cure—

/ Secure—the—cl

\
Secure—the—c

\
Stislding=cng ).78ulot
insulator

w ‘ Shielding=Aing’ 0.7

-
. Sk ~fAng 0.76
Secure—tHel clips 0.63-clips 0.4

~ire—tha—rcling 0.4
S-';\sulator 5.4&"5 ‘O; ,5

pe 4 o ] Secure—the—clip} 5
** . insulotor 0.63 [

nsulator 073 §

insulator p 71 di m .69

P9 BRI R ARG 4 R

Fig.9 Detection results of model output
3.4 HEAKIE

TH il S 36 P T s A T G A A RO E . AR
PLYOLOVS Ry i, Ja 70 b B TR 23 A A A 1Y
BT, N T i Mamba (1) R SRR F125 (8] AR
U, SR T 28 A HLE AN B 25 2 B AR O B
il 5% W 2 Mamba. [R5 B3 9 8 et E
AT RS 5

R 3 iR, A SCHE Seks B Al Mamba £
e C20 LB, 1 T Mamba Ji7 A Ay 4b 1 DA 55040 69
B PR MR () m AP AT FAR QUi 1900 . Bl
Ji 38 1 51 A ZE P X Mamba #5817 48
b, i HAERE AR C2f iR T 3. 2%, ik —
Aot , R sl 4 2 148 B0E ML 3 A 243017

Mamba B8 i, W& 2 mAP R,
3 HT ML TE RS

Tab.3 Ablation experiments of backbone networks

RS2 . AL HAZ
e Majfbj) SR mﬁ mAP@O.5
0.882
N/ 0.872
N; N/ 0.904
N N/ NG 0.910

TEH T R4 B AL b, ASCER I Sk b AT
TIHRSEE, W 4 fros , BT A [R5 R 23 B
SR K 38 3 5 4 SRAE B35 4 T FRAE RS E , Al
PR AR AR 5 0. 40

E I Rl PRI
Tab.4  Ablation experiment of detection head

I T35 18] % 5 1) 20 ARG I Sk mAP@0.5
0.910
N/ 0.914

3.5 XfLbsCig

AHIE SR 4 L AT R S Y i S R E
Prfs BB 4T T R G XS b, G A R HE Y
AR B AL YOLOVS, DL R TG HGAE i PRy B A5E 7
SSD. YOLOvS, YOLOv10, BtAh, Xt T ¥ B
Bt HARK I #58Y Cascade R-CNN A i 5 s 455 71
Deformable-DETR. 43 5 (455, A A
SRAETR A5 R I AR Y B8 £F AE AN [A) R B 9 T R 20
S, (B P B A A A T A Al Y R A, R
AR R IPERE . AH b A AS AR, S 5E A g
TS YR R, R T AR H AR A I AR 55
e

#£5 XA
Tab.5 Comparative test
el K TR
YOLOV5 0.872 17
Deformable-DETR! 0.895 5
SSpie 0.709 5
YOLOVS 0.882 9
Cascade-RCNN 0.885 4
YOLOv10 0.905 23
Dino-DETR 0.913 10
ZRSCHRR 0.914 21

AR BRI 25 SR A& 10 B, SSD R
TEHL R TR AR R B S , 17 Deformable-DETR Al
Cascade R-CNN FEK e 2 H bRt g B H A R #2
FERIRRE. YOLOVS B G I A5 AR SCHRE H (1)
J5 AT . YOLOVIO Fil Dino-DETR 4% HL4% 45,



CEVEE 222 WD HFARE

2 [ADASE IR (1 P e B G A8 AR AGHIN 7 12 (B0 45D 515

YOLOVIO ARG AR SCHE HH AR pe, H HOA
FERIRFAREAR, 7N MG 2 5 H PHS . Dino-
DETR BRI R S AR Y, (HAGI R

||
-
7 ' ecure
I
o c
insulator Qmﬁ‘m
1S R RS

insulator 3.78, g Fifeg
—v=oaagure—th p

sUlctor0:8a
=

() YOLOVS ) YOLOVS

ARSI b BRI AE 1 SRE A LR I S S,
FUARANG & BE 4y, BAT B AR, (RBE Tt
TUAENG 5 T2 2 [ ) R 44

|
e re—seture—
L1

insblator 087 -

() YOLOV10 A (h) A SCASERY

BI10 [l i 4520
Fig. 10 Output results of different models

ARSCHRE T — P I R A S R B AR (1) B L 4
P& B AR H ARG, 1 UCKEIRAS S R R R
FIAYOLOVS, I Mambaft#: C2f ok K IF &
SR 4R 5 B BIRE T, X Mamba 8K 4b
PR SR A HLXT ] 1) A3 () A 50 Y [
L, R SCR 28 SCE A PLE , A5 Y B 4 b 2= )
AR 23 (B S5 48, A T T 1) B A i LB
FﬁijJ S22 A G ML 1142 3R G [ 9 4 7 1) 1)

PRS2 ST A 25 5, 388 =R AR A e
M EERERE T, AR R 0 & /P . X F a3k
FE LT 55 B RRAE 5345 22 57, SR FH 28 [R) % 5% 1 43
B R I Sk AT B 43 S RN A Z TR Y G 2R, 3 0 4
58 0 VA 5 B L T T AE S A E 4 R R R
PRI HEE A7 o SCIG IR T 455 Y B A% B 4 b -7
HE BRI, X b R B R A — e L

SE Lk

1 JSEDCIN . T 1) ris o0 i i 2 o P TR0 ) G B3
W RSCBRID ] N AR BT R, 2021.

[ 2 JXIfEHE, R—a . JETIREE A ) i L e i A v s )
Jrk st R [T]. h E LT R SR, 2023, 43
(19): 7423-7446.

LIU Chuanyang, WU Yiquan. Research progress of

vision detection methods based on deep learning for
transmission lines [J]. Proceedings of the CESS,
2023, 43(19): 7423-7446. (in Chinese)

[ 3 1XMEHE, R—%, Xt BT ISR & i 4 B

B Al R I ARG 5 vk F S R R (T ). AR AR A
2024, 45(3): 286-305.
LIU Chuanyang, WU Yiquan, LIU Jingjing. Research
progress of vision-based rust defect detection methods
for metal fittings in transmission lines[ J]. Chinese Jour-
nal of Scientific Instrument, 2024, 45(3) : 286-305.
(in Chinese)

[ 4 ] REAEEL, JRR%, RAET, 5 HA G M 220 kV K&
DL 2 it e e g ik 5 0 A (7). sl R H R,
2016, 42(1): 200-207.

LU Jiazheng, ZHOU Tejun, WU Chuanping, et al.
Fault statistics and analysis of 220 kV and above power

transmission line in province-level power grid[J]. High

Voltage Engineering, 2016, 42 (1) : 200-207. (in
Chinese)
[ 5 JWliRYr, FrBE, o, 4. N TR BEHOR e i

B TP RODETE VI LT ] R R REOR , 2020, 46
(2): 369-383.
PU Tianjiao, QIAO Ji, HAN Xiao, et al. Research
and application of artificial intelligence in operation and
maintenance for power equipment [J]. High Voltage
Engineering, 2020, 46(2): 369-383. (in Chinese)

[ 6 ] ph—i, E34F, B, %5 g o i Wi s o) 22 4
CH BT MRS LT] B RGP SR,



516 b R A s CASRBREROD

2025 45 4 )

2022, 50(16): 170-178.

LIN Yifeng, WANG Zengping, WANG Tong, et al.
Discussion on building a stronger first line of defense
for grid security [J]. Power System Protection and
Control, 2022, 50(16): 170-178. (in Chinese)

[ 7 B Rte, HEME, BB, 45 . 454 KL B AR 2R

Y Faster R-CNN $8 4x BRI 75 2 [T]. 5 B R 4%
A, 2020, 46(9): 3018-3026.
ZHAO Zhenbing, LI Yanxu, ZHEN Zhen, et al. Typi-
cal fittings detection method with faster R-CNN com-
bining KL divergence and shape constraints [J]. High
Voltage Engineering, 2020, 46 (9) : 3018-3026. (in
Chinese)

[ 8 KN, 3T, EHt, 5. ETRAEHEATH Y

B &Y s A A D [T] . e E AL AR R
2023, 43(7): 2867-2877.
ZHAI Yongjie, YANG Ke, WANG Qianming, et al.
Disc insulator defect detection based on mixed sample
transfer learning [J]. Proceedings of the CSEE, 2023,
43(7): 2867-2877. (in Chinese)

(9 125, JRBtEE, ARBTIL, 55 2T 2 RZFRHERS /Y

Y% T HRBEATIN [T ], B T HOR 24, 2023, 38(1):
60-70.
LI Bin, QU Luyao, ZHU Xinshan, et al. Insulator
defect detection based on multi-scale feature fusion[J].
Transactions of China Electrotechnical Society, 2023,
38(1): 60-70. (in Chinese)

[10] 1R 52 . FETHLaR L8 10 B2 /N B B AG I A e i 1R
BITEAEFELD ). BUN - BITTREE, 2022.

(L1 A, fh e, #is 5, 55 JE TR e i Ty
PRI ZE AL A B AR AR [T]. i TEHOR
2024, 50(8): 3757-3768.

ZANG Jiye, QU Zhaoyang, DONG Yunchang, et al.
Target detection model of cascade distillation transmis-
sion line based on bionic visual backbone [J]. High
Voltage Engineering, 2024, 50 (8) : 3757-3768. (in
Chinese)

[12] LT K C, LT X H, WANG Y, et al. VideoMamba:
State space model for efficient video understanding
[DB/OL]. (2024-03-12)[2024-07-07]. https: arxiv.
org/abs/2403. 06977.

[13]GU A, DAO T. Mamba: Linear-time sequence mod-
eling with selective state spaces| DB/OL ]. (2024-05-31)
[2024-07-07]. https: //arxiv. org/abs/2312. 00752.

[14]LIU Y, TIANY, ZHAO Y, et al. Vmamba: Visual
state space model [DB/OL]. (2024-01-18) [ 2024-07-
07]. https://arxiv. org/abs/2401. 10166.

[15] KHAN S, NASEER M, HAYAT M, et al. Trans-
formers in vision: A survey [DB/OL]. (2022-01-19)
[2024-07-07]. https: //arxiv. org/abs/2101. 01169.

(16 AR TR . i a2t 20 1 S FL e B A 174 DG S AR 5%
[D]. Jbnt: edbr Sk, 2023,

[17]17ZHU X, SU W, LU L, et al. Deformable DETR:
Deformable transformers for end-to-end object detec-
tion [DB/OL]. (2021-03-18) [2024-07-07]. https://
arxiv. org/abs/2010. 04159.

[18] LIU W, ANGUELOV D, ERHAN D, et al. SSD:
Single shot multibox detector [C]//Computer Vision-
ECCV, 2016: 21-37.

[19] VU T, JANG H, PHAM T X, et al. Cascade RPN:
Delving into high-quality region proposal network with
adaptive convolution [DB/OL]. (2019-12-04) [2024-
07-07]. https://arxiv. org/abs/1909. 06720.



