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Table 1 Insulating gloves data set sample

division description
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badge Wi B 53 M bR 836
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operatingbar BEAEAT 729
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Version N 11. 8, #i A K H & E N 640640 14 % 4t
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1 N
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Table 2 Comparison of CCFM network improvement

PloUv1 4541 2% bR B HE AT 52 50 XF Lb, 45 R 03k 4 FF
N, R 4 A, PloUv2 #8125 bR BH 55 T oAb 41 2
PRETE mAP@ 0.5 F1 53 5044845 ¥ e, i
85, BRI SR B PLoUv2 #1425 R 8% (9 RT-DETR #%
RUFE B ARKE AT 55 h RE X B A 4 7k 52 80 15 B v 1
IR SR G VA

K wrongglove mP@ B % 3 PB_Block IR H AL B X LE
L AP@ FL/% 0.5/% F1/% £/10° Table 3 Comparison of improved position of
0.5/% PB_Block module
F LR AR A 77.5 80.0 88.4 87.1 19.89
wrongglove 1P@ BH
FLLHIAILSTFM  80.6  81.3 89.1 88.4  20.16 750 AP@ " /%
0y =N 6
AR LSTPFM  82.8  83.1 90.4 88.7 21.14 0.5/% F17% 0.5/% H/1o
LRI +STPFM 82.8  83.1 90.4 88.7 21.14
2.3.2 PB_Block 3 B ut41 B A A I IE ST 1 81.8 82.8 89.3 88.2 15.27
NEGAE PB_Block BT+ M 2% A ) 2 9k £ o) 82.8 83.0 89.4 88.2 15.33
S 3 83.2 83.3 89.8 88.4 15.61
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ek, R R 3 iR, MR 3 AL, M T
STPFM it gk A 528 1 i S50 0 T 27.8%,
H mAP@O0.5 F1 738 RFEA % T-EN AP@O0. 5
HF1 53504 Db BT RRAIR; S50 2 19 S50 0
BT 27.5% ,mAP@ 0.5  F1 43 BUA FT BEAR, 10 A& 2F
W% FER AP@O0. 5 Il F1 0B AR K 525 3
B ER T 26.2% ,mAP@ 0.5  F1 43 500 (%
R, HAFHAL L FER AP@0.5 il F1 505053 5
PET 0.4 HASEMO0.2 EHA A, MHAH 3 4L
AR AT A SE 0 3 BMARTES B R ALy TR 25 T
I BTE mAP@ 0.5 1 F1 43 %0 b 0k R 6 2k &
N, HIERFHALA L% T ER AP@0.5 1 F1 4% ik
RV T, £ G 5 R BT T Y P4
P5 BT Rt
2.3.3 MA DHKBBA AL E

JEUE PloUv2 8126 sR B A 20t i H
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R4 MERTHXLE

Table 4 Comparison of loss functions

LR mAP@0.5/%  F1L/%  WIE/(W-s")
GIoU 88. 4 87. 1 99. 4
DIoU™! 88.8 88.2 102.7
CIoU ™" 88.9 88.2 102. 1
Focal_EloU" 88.6 87. 8 108.6
SloU 89.5 88. 3 94.0
PloUvl 89. 4 88.3 104.7
PloUv2 89.9 88.5 105.3

2.4 5HMEBKMEEEITLE

g B R AS SO SR M RE R A R 0y B bR
0 SR VR AR HEAT X S DR AR IR — S AR A OT
KR E I BB S BT X LS8 g5 gk 5
JRo B S I[N, AR SCH) RT-GLV 5 R4 4% T RT-
DETR-R18 Z (& 187> 21.5% ,mAP@ 0.5 &5 2. 1
HAM P8BS 1.6 Ham, FRLe%TEN
AP@O.5 #1514 B s KR FHL % TEMN AP@
0.5 ¥ = 6.4 H 7 si; MHE T Faster-RCNN |
YOLOv8m fl YOLOvI1m %55 K#E A RT-GLV # 5
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Table 5 Test results of RT-GLV compared with other algorithms

AP@0.5/% mAP@ S8 iR/
BER F1/%
worker supervisor glove wrongglove badge powerchecker operatingbar 0.5/% /100 (Wi -s™")

Faster-RCNN ~ 71.2 64.9 72.2 57.3 87.6 62.1 57. 4 67.5 64.9 41.38 28. 4
YOLOv8n 93.3 93.8 87.0 61.7 89.9 73.4 80.9 82.8 81.7 3.19 142.4
Wear-YOLO™™ 94.2 93.0 87.4 71.4 91.7 73. 4 84.0 85.0 82.9 3.21 138.6
YOLOv8m 95.5 95.9 90.5 72.8 92.4 81.0 84.9 87.6 86. 6 25.84 120. 3
YOLOvIIm 94.6 96.3 89.2 73.6 93.5 76.5 82.0 86.5 85.3 20.04 126.1
RT-DETR-R18 93.8 92.3 89.5 77.5 95.3 84.3 85.9 88.4 87.1 19. 89 99.4
RT-GLV 93.3 92.7 90.9 83.9 95.3 87.5 90. 2 90.5 88.7 15.61 91.3
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Bk PloUv2 J& ,mAP@ 0.5 F1 43 KU Ry R 43 1) $i
0.7 A 0.3 B R 6% ; B4 1) RT-GLV #&
RIAH4E T HE EAC B RT-DETR-R18, mAP@ 0.5 F1 F1
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Table 6 Ablation experiments of RT-GLV model

mAP@ S8 Wi/
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A Detection Method for Insulating Gloves Wearing of Power Personnel in
Substations Based on RT-GLV

YUAN Jie', WAN Zhongyuan®, JIA Erkenbieke', YANG Yicheng’, QI Pengcheng’, CHEN Zhirun®

(1. School of Intelligence Science and Technology, Xinjiang University, Urumqi 830017, China; 2. School of Electrical Engineering,
Xinjiang University, Urumqi 830017, China)

Abstract; The insulating gloves worn by power personnel in substations were small target in size and were easily
obscured. Aiming at the problem that general feature fusion networks often lost small target information, a multi-
scale small target feature fusion network named STPFM was constructed. The RT-DETR-R18 model was improved,
and the RT-GLV model was designed for detecting whether power personnel were wearing insulating gloves. Firstly,
the STPFM network was used to replace the CCFM network. The SSFF module and TFE module of the network were
utilized to fuse multi-scale feature information. In addition, a small target detection layer with the SSFF module as
the core was added to enhance the model’s ability to learn small target information. Secondly, to address the issue
of excessive model parameters after replacing the STPFM network, a lightweight PB_Block module was constructed.
Only the modules in the P4 and P5 layers of the Backbone network,, which contained less small target information,
were replaced. It not only lightened the model but also reduced the loss of small target information. Finally, the PI-
oUv2 loss function was adopted to enhance the model’s learning ability for both easy and difficult samples. The ex-
perimental results showed that the RT-GLV model performed excellently in the detection of whether power personnel
were wearing insulating gloves. Compared with the RT-DETR-R18, the mAP@ 0.5 was increased by 2.1 percent-
age points, the F1 score was increased by 1. 6 percentage points, and the number of model parameters was reduced
by 21.5%. In terms of small target detection, the AP@ 0.5 of wearing insulating gloves was increased by 1. 4 per-
centage points, and the AP@ 0.5 of not wearing insulating gloves was increased by 6. 4 percentage points. Moreo-
ver, the model’s detection speed reached 91. 3 frame per second, meeting the requirements of accuracy and real-
time performance for detecting whether power personnel were wearing insulating gloves.

Keywords: insulating gloves; RT-DETR ; multi-scale fusion; lightweight; Powerful-ToU





