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iMMI-YOLO: Transformer defect detection algorithm
based on residual module

Wu Yuhao Zhu Wenzhong
(School of Computer Science &. Engineering, Sichuan University of Science &. Engineering, Yibin 644000, China)

Abstract: To address the issues of low accuracy and insufficient generalization ability of models in complex scenarios for
current transformer appearance defect detection, this paper leverages the residual structure’s merits to improve YOLOvl1n
with three modules. Firstly, an inverted residual attention mechanism, iEMA, is designed. It can effectively utilize the long-
distance dependency and aims to improve the accuracy of transformer defect detection. Secondly, by leveraging the advantages
of depthwise separable convolution in multi-scale feature extraction and the characteristics of the residual structure, an MSCB
structure is designed to enhance the feature extraction and fusion capabilities of the model. Since, to address missed detections
due to insufficient contextual utilization by YOLOv11's detection head, we design the MR-Detect head. It integrates grouped
convolution and residual concepts, offering rich feature representations for classification. Finally, the non-maximum
suppression algorithm is combined with Inner_ MPDIoU to address the limitations of traditional loss functions in detecting
irregular objects and objects with large size variations. Experimental results show that compared with YOLOvlln. the
improved algorithm in this paper, while ensuring real-time detection, increases the mAP@0. 5 by 5. 9% and the recall rate by
2.8%. It has higher detection accuracy in complex transformer operating condition detection scenarios and can more effectively
detect various types of defects.
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BT 671 slyw SRR F(P) A HF(R) .mAP@0. 5 52 X n
Tk g A5 743 gibs KA ~ Q7)) fros, I 1 & B 12 )7 fiis |/ (giga
ik Jie 1 it 590 gips floating point operations per second, GFLOPs) 5 il Zx i
T 5% 564 ywyc A T BT AR A, A R0 A FE AL (FPS) St BF- A A5 Y ) A5
AR 669 ybs Ak 2%
EE B 832 jyz_pl P TP (b
& B 5 981 jsxs TP +FP

(2) EBEH. RERAT (b) RERAT €, (c) BIRHIS . WM

(a) Metal corrosion. silicone discoloration  (b) Silicone discoloration (c) Leakage of oil stains. oil discoloration

(d) AR WA () BEWH (h BRMTE
(d) Abnormal oil level. oil discoloration (e) Damaged casing (f) Leakage of oil stains
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Fig. 7 Display of various defects
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Table 2 Results of ablation experiment
¥ EMA MSCB MR-Detect 1R % mAP@0.5/%  R/% P/% GFLOPs FPS
Base 76.3 72. 4 83.9 6.4 84.3
1 N 77.5 72.8 88. 1 6.5 76.8
2 N 77.3 72.3 85.6 6.4 77.2
3 N 76.5 73.3 86.7 8.2 68.7
4 N 79.2 73.2 85.7 6.4 82.9
5 N N 78.4 73.4 83.8 6.4 70. 6
6 N, N N/ 79. 4 74.5 85. 4 8.2 61.0
7 N N ~ / 82.4 75.2 86.9 8.2 59.9
M3 2 ATAL R I IEMA JG mAP@O. 5 H b 522 45 %3 ratio Xttt LI
e 1 2%, B A — & LR IE SR BURE Sy 5 78 Table 3 Ratio comparison experiment
IR b (SEE 1), RS2 MSCB AR H (S5 5) i _ P/  mAP@0.5/ R/ mAP@0.5:0.95/
WIS 0.1, 1 mAP @ 0.5 F 4 [R5 BI4L T 0.9% 1 7O o v v %
0. 6 %6, 1X 2% B 2 A5 B 7 L UE 2 £ 1) [R) B 3 A8 2 o A 0 1Y 1.2 84.8 0. 4 74.0 52.9
W, ZJ5 A MR-Detect A 3, 1 T HRH T —& .1 84.9 81.5 75. 4 54.8
BENIMTERRES N S EFEA BB AN Z A & 1.05 84.6 30. 0 74.9 52. 8
F BT AR R A AT — P, R A T AR B AR 0.95 87.5 30. 8 73.6 53.9
T AR TR I . i AE A T Soft_ NMS Bl i i 0.9  86.9 82.4 75.92 54.8
Inner MPDIoU J& . 4 I 452 8 B 1% 7 Yl 25 vh A 20m i & 0.8  82.9 80. 7 75. 2 53. 3
HERY R, i — AR THRS B 0.7 85.1 80. 6 74. 4 54.5

25 LIk, AR SCRF IR 4 A RIH — R sk
A B IMMI-Y OLO A5 7 A A58 58 20 455 78 S 9L TR B
FA 0l R WAL AL .

2) 19 BREL ratio X} L 5256

FERR R  ratio WA O E 2, B W &
B VERE R I, I BFST ratio XA 50 1 5% 08 , 2 B £ 3
B BUE , R SCTE R 2 SE38 7 AYSERE L IR AR IR BE R HAh 2
BAZIEOL T X ratio 43 1% & A [ (49 {6 #F 17 % Lb 56
¥ SN 3 IR

M2 3 A0, Y ratio>1 FI<T1 A, 455 20 1 fiE &2 P H 2R
L AR . 2 ratio>>1 B, BEE HEM 1.2 B
g /INE 1,05, BERIME BE A TS AR B AR B B % B TR T %
Wi, LI mAP@O. 5 A6, ratio=1.1 B ,mAP@0. 5
9 81.5% .1 ratio B 1.2 il 1. 05 B, mAP@0. 5 43 %1 K
80. 4 % H1 80.0% . P.R Al mAP@0. 5:0. 95% 1 & 3 11} #H
RIEAS b, 2 ratio<1 M, 46 B0 i B[R] A 2 B RE Y
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3) 45 RO b S T

A T B Inner. MPDIoU B 3& & K6 ) itk 258 B [ R ~F
2SR B WA 55, 4% SCH HA Inner 51 45 2% oR £ Y
ratio {E[E &4 0.9, 3 R JH Soft_ NMS & ¥k k17 )5 4b B,
SHGZE R MR 4 PR .

M2 4 AT LUE A S0 o — 288 0 ) 3 A 45 2% R
#( DIoU, SloU, MPDIoU %, H 75 5| iy 25 3 58 X, {0 2
Inner_loU By 30 LA K I 55 4% 5401 0% bR BOAH 285 G 19 245 SR B
AR T XA, RPN TR A 452k oR B SR RS AR Ok
AT DLHE A R Y MR RE L X TR O A B oR BB A OR
7] 0 7 T 5 45 5 B ATD AT AR R SR — 45 % BRBS0 Y Sl B AR
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Table 4 Loss function comparison experiment

H % B P/ mAP@0.5/ R/ mAP®@O0.5:0.95/

% % % %

DIoU 84.9 79.2 74.3 53.6
SloU 84.7 79.7 75.0 53. 4
MPDIoU 85.3 80.0 75.1 53.8
Inner IoU  86.4 81.1 73.6 54.0
Inner DIoU  85.2 80. 3 74.7 54.2
Inner SIoU  86. 2 80. 8 75.5 54.0
Shape_lIoU  85.9 79.8 73.7 53.5
Inner MPDIoU 86.9 82.4 75.2 54.8

HAA R T AT Y B bR ek 8 B S TR 5 R 2
PEo AESXFPG LT o (4545 1Y BT A7 b 35 N T AR S5 A K

A4 AN T A T A5 2 X L ST

N T k25 R A SCUE Ty 95 o T s A L foke 56 A6
TR 280 K — 6 B ARG 3 A 2 5 el A7l A 56 1Y
e A A AH ) PR B TC BT AT ISR, S5 mR 5
i

B3R 5 T, SSD A Sy B iy B B B A R T B0
TEAGEERMAE R MG T YOLO R /NI,
Faster-RCNN fE 5 two-stage HFr K& a0/ FE, Bf
MRS Anchor HLHI . A3 T[] 3040 X e $04¢ &, [H A B2 AR
SR mAP@O. 5 A, HIZRiE 4, OF B 2 B A

z5 MHIRER

Table 5 Comparison of experimental results

T Y mAP@0. 5/ % Recall/ % Precision/ % GFLOPs FPS
YOLOv3-tiny 75. 9 70. 2 81.8 13.0 133. 4
YOLOv5n 72.8 70. 2 78.3 4.3 128. 3
SSD 68. 2 60. 2 85.1 82.3 21.1
Faster-RCNN 72.5 78.0 18.6 138.1 22.0
YOLOv8n 76.0 72.4 78.9 8.1 118. 3
YOLOv10n 73.5 66. 4 82.7 8.4 87.2
UDD-YOLO™" 73.2 70. 1 79.8 5.4 67. 4
k[ 25] 77.0 72.7 84.5 16.3 56. 2
k26 76. 2 73.0 83.7 5.1 85.1
YOLOvIln 76. 3 72.4 83.9 6.4 84. 3
AT 82.4 75.2 86.9 8.2 59. 9

KBS . M E AL YOLO &5 RYBLRS, 48 3007 3 1 A 7%
SR TEAR B B8 O T 0 O B DA B R BT Y 2 A AE [
J7 1 o T8 BT A SR R AR I 4% o LA e v 1 A TR B
Fe AR, HA L LB A, mAP@0.5 Fl R 0 S5 1T
5.9% 1 2.8% . UDD-YOLO 5 3CHk[ 26 i £ i #5150 1 4
XF PR T A A% S B A I G A 5 G T AR AR T L il R DL R

L A 5 3 e B 0 A 0 9 1 13
1 2 105 2R R 55 IR L B O 42 45 A
TSI . M S AR S0 3 B 0 I A T
I L2 2 0 0 5 70 5 0 1 42 7 4 1
UK A MR 19 A2 52 A (FPS = 30) BR T, i
5 45 S 1 R HE 1 6 5

K6 ANFAESELRBEHREIHEX L

Table 6 Comparison of defect data between the method and baseline model in this paper

el SR AR mAP@0. 5/ % HL BT Recall/ % BB mAP@0.5/%  BUHBEAE Recall/ %
BIRIHE 66. 8 61.8 71. 9 59. 8
e A o 95. 4 92.5 95. 9 92.7
Tk B B i 98. 4 96. 2 97.5 96. 2
AL SR 87. 4 84.0 94. 8 89.3
AR A, 91. 4 89.9 94. 9 91.9
EE W 54.7 48.9 67.0 53.5
FETH 5 42.3 33.8 54.9 43.2
it 76.3 72. 4 82. 4 75. 2
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Fig. 8 Visualization of test results
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