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Edge-enhanced Power Operation Wearable Detection Based on Lightweight
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Abstract: To solve the wearable detection of complex backgrounds and diverse target sizes in power operation environ-
ments, a lightweight edge-aware detection algorithm is proposed. A multi-scale edge information enhancement method is em-
ployed to efficiently fuse edge features at shallow layers, suppressing background noise. A ShiftRepC3 module is designed
within the hybrid encoder to effectively extract and fuse local features, and a DySample method is utilized to improve upsam-
pling for the capability of enhanced reconstruction. An attention mechanism-based pruning method is introduced to reduce the
parameters and computational costs of the model, meeting the deployment requirement of edge devices. Experimental results
demonstrate that, compared with the baseline real-time detection transformer (RT-DETR) model on two datasets, the pro-
posed method improves the mAP50 by 2. 8% and 2. 1% , and the mAP50-95 by 2. 6% and 1. 5%, respectively, and main-
tains a low computational cost.
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mAP50/ % mAP50-95/ %
Model - - - - Parameters/M FLOPs/G
insulation glove workwear insulation glove workwear
RT-DETR-R18" 84.8 96. 1 59. 6 82.4 19.9 57.0
YOLOv8m 80. 8 94. 3 59.0 81.6 25.8 78.7
YOLOv10m'! 80. 2 94.0 58.3 81.2 16. 5 63. 4
YOLOvI1lm 82. 4 94.9 59.3 82.0 20.0 67.7
Faster R-CNN-" 81.5 94.7 58.9 81.4 41.4 206. 7
Mask R-CNN"! 82.1 94. 6 58.3 81.1 44.0 236. 2
RT-DETR-L™ 85.9 96. 5 60.5 82.7 28.0 100. 6
SSD 78.7 93.5 57.6 80. 6 12. 3 63. 2
RetinaNet™) 82.2 94. 4 59. 6 81.5 35.4 204. 0
Ours 87.6 98.2 62.2 83.9 7.1 31. 1
# 4 ARG X
mAP50/ % mAP50-95/ %
Methods - - - - Parameters/M FLOPs/G
insulation glove workwear insulation glove workwear

R 9y A T 87.9 98.5 62. 4 84.3 21.7 62.2
L, 85.5 97.3 60.8 83.7 7.5 31.1
Taylor-FO-BN!! 86.3 98.0 62.0 83.8 12.8 31.1
Slimming'?! 86.1 97. 4 61. 4 83. 4 8.2 31. 1
DepGraph'*! 87.0 97.5 61.1 82.9 6.8 31.1
Ours 87.6 98. 2 62.2 83.9 7.1 31.1
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#5 AT ERIRAE LAY Al S K 5 R

Baseline MEIE ShiftRepC3 DySample SAL mAP50/ % mAP50-95/ % Parameters/M FLOPs/G
N 84.8 59. 6 19.9 57.0
/ / 86.1 61.0 21.8 63.2
N Ni 85. 6 60. 5 19.8 56.0
N N 85.3 59.9 19.9 57.0
N N N 86. 4 61.7 21.7 62.2
N N N 86. 3 61.2 21.8 63.2
N/ N N 85.7 60. 9 19.7 56.0
N/ N N N 87.9 62.4 21.7 62.2
N N N N N 87.6 62.2 7.1 31. 1

Bimk. 555 i ] RT-DETR-R18" 4% 7 fF Sy i 2k 48
B, NEEZE R AT LIAE W, % MEIE, ShiftRepC3,
DySample B8 A0 51 A, B 1 K5 0 P G A W7 75 21 $2
Th GEB] T AR A s

TE4 % T £ JUiE 46 1 & BRL Y mAP50 Al
mAP50-95 4% 84. 8% Fl 59. 6%, {Hit& & H 57.0 G,
SRR 19.9 M, BB A MEIE 5. mAP50 fil
mAP50-95 23 MR T 86. 1% F 61. 0%, X FEH| MEIE
JrEFIH MSEE #EH5 EFF 5 Jus i il 42 H Ar il % .
REAIG TS oM s 40, v A5 TR G DNOKS BE. HR A
ShiftRepC3 #ie B, mAP50 F1 mAP50-95 43 51 Jy 85. 6 %
M 60.5% , SHCE AT R SRR AN Y,
DB G BRERE R G, FEARINEEEERNRE T,
REA AHh R R Az BF . R TH AR AR FR AR 1. BRG] A
DySample f#t, mAP50 Fl mAP50-95 43 B4 F+ & 85. 3%
59.9% . X W] DySample £ 5 il i 46 bR #E 2
P, REA SCHL R B B ACRRAE 4l 15 B .

ih bk 3 AL, BB mAPS0 Fl mAP50-
95 4y A EETFE 87. 9% A1 62. 4 % , 5L (1 K M BE A B
Feflt. #—4. Bl A SAL k. BERA S5 it
BEARIGEZE 7.1 M A 311 G, [F BRI E e 4 15
B A K E . X B SAL J5 3k 38 1 Bh A5 2 o S A %,
B G G SN Z ., S TR R R, [
R e R B R B TR UK
2.6 FAULSH

AT, X IELRA S LERT-DETR # A
M A T A A LS. R TEMITE R IR 5T
BRLE A AT 45 B rERE2E . 1B 6 IR T R4 &
. BRI DL J LERT-DETR 7 76 4 2% F £ 50 4%
EMTAEMREEE LR, B 6 () W I,
R TEREE L B 1~3 %) LB A X T/E
NG FERBT UKD HE 0] &, BRI [R — B b5 4=
B A H & WU HE 5 ORI B A A B RS
TR, thE 6 (b) AL, 78 TAEMRBHE 4R 1. L4
RUTESE 1 50 P AR TE IR K1 B0 BF 75 55 P i 20 R Ao

PEME N s R AESE 2 51 rp SR 2 R A7 7 s A [ R
V23 AR DR HE 5 A0 RORE AR AR A 2R . AT
ik ) LERT-DETR #& B 58 i 5] A MEIE J5 3%

ShiftRepC3 BLHR A Bh &5 LR AR T7 ik, WA 1 3 A6 A i
RGN TR AR, R ISR TREE
SR PR R . O A A MLV o A0 R RE b A PR A
TR AR ST

<L

I

RT-DETR

LERT-DETR

-,‘ el 2
-
Tl { .
" -
r § N 1
A

(b) TAE o 4

(a) T EH IS
K6 ASCTriES RT-DETR Jr ik i 6 00 25 58 i ] BAL X L

3 HRIE

ARSCER T — b A A A 0 Sk R ALE 1 5 A I 5
(LERT-DETR, lightweight edge-enhanced RT-DETR)
FHT R S VR 37 55 AR AN AR S 0L, B TE R
R IEN G R HARR T Z2FE, R RF K.
LERT-DETR i o fb 5 W46 . 1R £ 2 B o 0 i 1 2%
gt $ETE TR AN A RUOBE H AR R AL 2R 5 0 RE
Jio ET MR ResNetl8, 42 —Fh 2 RE %
RIS SRR RS B, DA S
AT, BG5S & 5 8ot 1 ShiftRepC3 #2 3,
BRAAGGRZ Y RIERZ I, A R T FRAE 48 B
Ry MAShA EREE T RSB BUNRFAE - oRFE, B3R
T XA RAE B A BB Sy . UE4h. LERT-DETR %
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TZHRAT R, LRAPR KW, LERT-DETR £/
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M5 MR PE A SE R . Rk . LERT-DETR 835 £ 11
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