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Transmission line small target defect detection based on STDD-YOLO

Luo Yi Han Yitao

(School of Control and Computer Engineering, North China Electric Power University, Beijing 102206, China)

Huang Hui

Abstract: To address the issues of low edge location accuracy, insufficient multi-scale feature extraction capability, and
complex background interference in the detection of small target defects in transmission lines, a target detection
algorithm based on STDD-YOLO is proposed. This algorithm enhances the high-frequency feature extraction capability
by designing an edge-spatial feature enhancement module, improving the positioning accuracy of defect boundaries and
enhancing the perception of high-frequency information such as edges and contours. It replaces the standard convolution
in the original Bottleneck with efficient multi-kernel convolution to enhance the network’s detection performance for
multi-scale small targets and solve the limitations of the C3k2 structure in utilizing detail information. A shared conv
group norm head is designed to suppress background noise interference, enhance the feature expression ability of small
targets, effectively improve the robustness of model detection in complex environments, and avoid false detection and
missed detection caused by the low saliency of defect targets in complex backgrounds. Experiments show that this
algorithm can significantly improve detection accuracy.
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Fig. 1 STDD-YOLO network structure
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Table 2 Improvement strategy comparison
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Table 3 Comparative experiments of different edge enhancement strategies in ESFEM framework
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YOLOv11s-ESFEM-Prewitt 83.7 51.6 9.47 24. 4
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B M RE % A . mAP5S0 35 3 84. 6%, %5 i 4R A5 B 3R T
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AH b T AR T, BB B Rk & 15 300 2 14 A I R 1Y B
e fE .

3)C3k2_EMKC [l {7 & 4 5 SR % Lb S 5

UG AIE A SC R C3k2_ EMKC B 8 75 19 38 22 Kz /)N
A 6 00 K5 BE v (0% B I 8 2B A T o AE 45O [ U2 vk

BEVERR R IR G C3k2 REHRIE 17 X b, 8 98 AR B 30 8 SR g 5
2 RUBE /IS B ARG D 14 R 1) O 106 1 . T B e R Ak M B 3% 25
IR TT R, SRS RAUNGE 4 FTR, SC50 1. UTE M 45
JZ R AE DX 38k X 7 5 4339 2R AR AE T 2B B BE) 1 C3k2 R
Bk C3k2_EMKC, RET R 2 RERHEHIE . L 2.
AU TE 9 4% v 2 R0 AIE 1K 380, OGF I8 R 43 3 3R AR A1E ] A 2 B BB )
[ C3k2 Mk Btk C3k2_EMKC, B T h ] £ R B HEH1E
AlG . SIE 3 ANAE 45 VR 2 R AIE DX 3 R AR 43 B R AR AIE
I FRY BO 1) C3k2 B 4 &y C3k2_EMKC, RE TR
Wi REEE U B3, LW A fEMEE. P R Z A
FRAE XY C3k2 B8y C3k2_EMKC, BiF 42 5 &6
BHGEVR.

R4 C3K2_EMKC A B & R L L5
Table 4 Comparison experiment of C3k2_EMKC substitution effect at different positions

[ERi| mAP50/ % mAP50-95/ % Params/M GFLOPs/G
YOLOvl1s 82. 4 52.1 9.41 21.3
YOLOv11s-C3k2_EMKC-# J2 # # 82.6 51.2 9.81 26. 4
YOLOv11s-C3k2_EMKC-H1 2 # # 83.1 52.5 9. 40 21.3
YOLOv11s-C3k2_EMKC-)Z # #t 83.2 52.8 9.23 21.2
YOLOv11s-C3k2_EMKC-4 Ja) s # 84. 1 54. 6 9. 83 36. 4

H e 4 SemgE ] %0, £ 5 A C3k2_EMKC J& . Fi 7 B i
D7 SR FTBE A A 1 M BB A DR AR A R AR B4R T, B8 IE T C3k2_
EMKC WA RIZ B4R IR R PR A B R 5 A
ZREEBHHNZ RZE UGB BRI R TER
FE/INE BRI DX 43 BE 1 3R TH A B o2 B 4 A R AE 5 B B
R0k T Z REACH A2 T 2R 15 UK A AR g . M fg
WA BR B & R e 4 25 0T A RRAE )2 4, AR
PEAEIS 25 R, B R JE 51 A C3k2_EMKC S8 T # R4
oA B B SR AR R N T 15. 1 G TR IR R R4
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3o R A TR 2 0 SCRR A ) 22 RO AR BE 7, AE 3R THR DU 4 BE 1Y
[ F S 7 B A8 Ak . L mAPS0 35 %) 83. 2%, mAP50-95
IRE] 52. 890 AR AR A i R T EE M, X RN S
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Ty BELRARY AR 5| AT I (A B AT T S B, S 4 R
mF 5 FrR, Hod ey 7 R oR R R AR, AR E
ESFEM, B {3 EMKC, C {3 SCGNH, & 4 Y 3255 45
ST TCie 2 B 5] AR, i R A ] AR, B 4k
PR P R mAP50 . mAP50-95 345 # A [l 1 1 B9 32 T, A7 %%
UERA T 3 ANBEHR T i F 2% B /1N L A BB AG 0 109 B8 5 119 1 5

HEABSRZ AT, A SO om0 275 R
IEHE SR S A 2 G R AL B R GN R 3k 3 N5 T
HATOL AL, 5 HE B A A W] i A9 42 T, PO R mAP50,
mAP50-95 23 B4 T+ T 5. 7%.0.8%.3. 9% .3. 1%, #4581
AT 30 G5 RN %8 I 45 e 30U RN BE 7, 1R T+ T 2 RE /I
E AR a0 1 R e T BT AR S A R EE R A T A

x5 HEXWLER
Table 5 Results of ablation experiments

. A B C AP/ % PIY% R/Y mAP50/ mAP50-95/ Params/  GFLOPs/
ID IF IE PM % % M G
YOLOvll1s 79.6 81.3 82.1 86.8 86.2 76.6 82.4 52.1 9.41 21.3
M1 Vv 82.4 84.7 81.5 89.7 86.9 78.2 84.6 55.3 9.42 21. 8
M2 Vv 82.1 82.5 80.1 87.9 83.3 77.8 83.2 52.8 9.23 21.2
M3 Vv 85.4 82.3 79.3 86.6 87.9 77.4 83.4 53.9 9. 66 22.0
M4 VooV 87.4 84.6 83.0 89.0 91.7 75.6 86.0 54.4 9.24 21.6
M5 Vv Vvo82.2 85.5 80.3 89.9 88.0 78.0 84.5 54.6 9.23 21.2
M6 VoV 837 86.2 77.5 86.1 87.0 76.3 83.4 52.6 9.48 21.9
M7 VoV Vv 87.0 85.7 83.5 89.0 91.9 77.4 86.3 55.2 9.48 22.3

o B UE AR SR I AT B DI 3 Xk A 3o 6% 11 i I 45
HEAT T AT P T AR XS e, A 7 BT L S8 B Y DX AR AR
RN 2% I S TE B H B A3, T LA AR SO 4R 1 Xk

/

FaEB

Original image

TS R
YOLOV11s heat
map visual results

BTSSR
STDD-YOLO heat
map visual results

Fig. 7

3.7 ARAEEX LS

Ry B IEAR S i ke i R 2R N b B ARG T
PE LR B AR A A AR R 3 Y R A AR T X
LAY AT, FEM R L B T AR RS
YOLOvlls, MHAF-YOLO™ | MAF-YOLO™" | Mamba-
YOLO™ | Hyper-YOLO" | RTDETR-18""', RTDETR-
34 3% B A AT X E L BT 5 RhE B O T AR SR T

P 7 oy BT ALAL X L 2

B IS 07 B9 SR JEE L 9D T AR T SR A AL B AR T A R
AR A R 48 T T A8 X i R 2 B /DN B BRI Y ARG
AEJT.

Heat map visual comparison results

YOLO RAME A B A i 5ok, B4 HEm M, 5
2 P JE F IR AY Transformer-based H A6 i 545, 18
R T ARG T PP e B, W] i — 2P I T AR SCAE Ik
TECBIR S R NS 7 TP B g, SCER A RSk 6 BT
7~ o HEIRZE R H, Mamba-YOLO B S8 m & /N T HE
i/, {3 R DU RS A X R K. Hyper-YOLO
mAP50 il mAP50-95 R IEL U, (5 2 B 5 i AR 0 42
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HLoESHESKENTVE EAMASTHE L, BR 6 AREXEMIEIBER
MHAF-YOLO WZ &K T AR CEENSH &, HEE Table 6 Comparison of experimental results with
TR B2 7 AR F A% SCH L A A ORS B, mAPS0 I T 5.8% different algorithms
mAP50-95 fl£ T 5% . RTDETR-18 (¥ £5 & 48 b /& fie 42 35 N mAP50/ mAP50-95/ Params/ GFLOPs/
S SCHE R 0 AELFC S B B R A SO Y A RR % % M G
i ELAFFE IR K O O o BRI =2 A1, 7R SCHIF 92 10 330 2k TR e 2 YOLOvlls 82. 4 52.1 9. 41 21.3
TE mAP50 {5 8 & mAP50-95 {§ F# F M HE T 085 19 MHAF-YOLO  80.5 50. 2 7.42 26. 7
S, Hh 2 X mAPS0 fl mAP50-95 {4y MliAH T MAF-YOLO  82.8 19. 6 8.51 25.2
86.3%.55.2%., Mamba-YOLO  82.2 50. 6 5.66 12.3
[l 8 MR SO LS HAL A O TE 4 1AL 5T 1A Hyper-YOLO  83.6 53.7 13.52 33.8
235 SRR A T B 4 2R I S B 25 SRR AT U R RTDETR-18  84.2 55.0 19. 88 57.0
01 AR 2 R B AR A AT B B bR, BB G R RTDETR-34  82.1 93.7 3111 88. 8
3 55.2 9.48 22.3

ARA S PR B S SR AT R — B BRI Y ik STDD-YOLO _ 86.

YOLOvlls ’

MHAF-YOLO

MAF-YOLO

Mamba-YOLO

Hyper-YOLO

RTDETR-18

RTDETR-34
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(a) Group 1
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K8 AN IRl B T AL 25 2R X L

Fig. 8 Comparison of visualization results of different algorithms

XoF 15 53 720 2 RV B S v AR BERATRE AN L B BB R A
ST NG A TOVE VR B AR A G . A 1 AL A A
B E LA, YOLOv1ls, MHAF-YOLO, MAF-YOLO
VI & Hyper-YOLO 776 I Kz 1915 0, 1 Mamba-YOLO 5
Hyper-YOLO TE 5k F3 A 77 75 224K T HE | X 5k B3 1Y) 320 2% o€
PEABEUERS . A SCHE B B0 09 A 0 U 37 5% (0 Bk, TR
AE 58 322 30T B0 SO (9 7 B L A8 S50 D T Bl o 0 % S A R T
1% < 22 RUEE /1N BB A 00 e J32 K ) [) A

52 20 A RS SR A TR FROEE BB L 8 fk om TE fR 1
BB 51 R AT RN IR H O N S BT ik
GEABR] SN T G ME DL HE R A I, NS 2 4 SR
5B A 1, MHAF-YOLO, Mamba-YOLO, Hyper-YOLO
YIAE 76 U K 19 55 &0, RTDETR-34 77 16 % & 09 55 &l
YOLOvl1s.MAF-YOLO,RTDETR-18 5 74 3¢ % vk fig 1%
OGRS B I SR8 T 547 1) 58 BOARS DUAT: 55 .

5503 4 I b i R R T — A B R L 1
TR HE R, OES 3 4R 25 SR AT LA Y, Hyper-
YOLO.RTDETR-18, RTDETR-34 ¥ 17 1£ i% # 4 1% 10 .
YOLOv1ls, MHAF-YOLO, Mamba-YOLO 7F 7 I # 9
TEOL . R MAF-YOLO 548 SC8E I 7 &8 4330 4 19
BRpE H bR

WAM BB TEREED. ATHERS TE %,
ISR QAT NS o= G oAl - S ) | BN o B = O o1
WA LIE 1, YOLOvlls, MHAF-YOLO, Mamba-YOLO,
Hyper-YOLO.RTDETR-34 ¥4 46 Al R B (9 12 4 | U 4
&80, M MAF-YOLO,RTDETR-18 17 3C 5% v 1 i 19 46
W T B2 5 F UM EG, A RUR UL T B 228 5 T ok
K E b 10 35 M 1K 3000 DR A 0 s 6z ] A,

3.8 =

Ry S8 IE AR R (1 77 Al B8 L AR SCHE 28 T 3 5% B B AR I £
HE4E (remote sensing object detection. RSOD) |5 HiAth 32
Tt A A AR TR X LE S, DA — 25 PPN SR Y A
BE Sy, SCEIRAEIRUNGE 7 Bk, RSOD %l 4 8 458 g it
T B FR RIS, BB SN BAR S 2 RE R 1
4993 B KL AT T 446 sk B & h, sk KR 8 &
11 BE7%HL, B % 5010, 2 80 RBLAE EHG A Al + LR
KR JE T RN B R R, 1 586 AN iAl L 180 JE 7. 52
B B 191 A 7625 A BIE h 5 3B B3R 1) i 3

RUBE 22 5 o [ — 28 H bR i RUBE 5 2 3 = 22 4> Bkt 2, ) A8
TR 22 ROBE IR AE A 5 /08 B RS TR 530 B8 T 48 180 1R 25 565

Fx7 AEHEZXTERSOD HIEE LWL XWER
Table 7 Comparative experimental results of different
algorithms on RSOD dataset

" mAP50/ mAP50-95/ Params/ GFLOPs/
e

% % M G
YOLOvl1s 88.0 56.5 9.41 21.3
MHAF-YOLO  87.2 52.8 7.42 26.7
MAF-YOLO  88.7 54.5 8.51 25.2
Mamba-YOLO  86.7 55.8 5.66 12.3
Hyper YOLO  79.8 55.8 13.52 33.8
RTDETR-18  88.9 60. 3 19. 88 57.0
RTDETR-34  87.6 61.1 31.11 88.8
STDD-YOLO  93.2 59. 2 9.48 22.3

FH 2% 7 IR 25 T A, AR SCEER E RSOD dis 45
X b H A T2 3 AR B A, K mAPS0 . mAP50-95
AEIAE] 93.2%.59. 2%, AR T —MMEF M R &, &5 B r
L7 RSOD A LR 4R b, A SO 38k 5 H i B vk R
5 B E T L R A i e N AL fg

4 & ®

=R

AT G AT X iy R 2 B /DS B SR B R o £ AE Y 3 2%
FENAE AL 2 ROBERRAE SRR 0 AN 2 DL R B 2 5 & Tk
SRR L3RI T — A EE T STDD-YOLO Y H AR A I 5%
T8 BT 2% 7S (R FRAE Y SR A SR T T B A
FE AR BE s 4 R A B B B RUE S Bottleneck AR
WS B B0 T M 45t 22 ROBEE /N B bR 19 FR A 4R BCBE 75 1t
ARG B GN R L B E s T E &R T
P BEAR T A Fe ke %, SEge 45 L R W], STDD-YOLO
TE 4K RS BE mAPS0 Fl mAP50-95 b 43 1) 4 5 ofie A5 78
YOLOvI1s T T 3. 9% M 3. 1%, W E 10 & T A B .
A SO B A G T B H HL 4 B B A 4R L TR AR
PR DR T 5 L RE A S TC A HIL i Fh 28 B A T AR S it ) 3
F5 L HE A SRR L ) RGN R AR E B AT
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