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Real-time Edge End Defect Detection Method for Transmission Line Based on LEE-YOLOv7
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Abstract: Edge computing devices have been widely used in unmanned aerial vehicle (UAV) power transmission line
inspections. However, the limited power and computational capabilities of edge devices hinder the detection speed and
accuracy. To address these challenges, we improve the YOLOV7 target detection algorithm and propose an edge-end de-
fect detection method for transmission lines based on the LEE-YOLOV?7. Firstly, the Mosaic-9 data enhancement method
is used to improve the inputs in the training phase to improve the generalization ability of the network. Then, the LCnet
network is introduced to transform the backbone network part, to reduce the redundant parameters and to lighten the net-
work. Subsequently, the Meta-ACON activation function and Wise-IoU loss function are applied to optimize the network.
Finally, during the inference process, the Deepstream technology is utilized to invoke the TensorRT module, achieving
model reconstruction, optimization, and acceleration. The experimental results demonstrate that the LEE-YOLOv7
achieves an average accuracy of 92.3% in identifying ten common types of power transmission line defects with varying
sizes. Compared to the original YOLOV7 algorithm, the proposed approach improves accuracy by 2.8% and increases de-
tection speed by 38 frames per second, reaching 53 frames per second. After optimizing the inference process using
Deepstream and TensorRT on the Nvidia Jetson Xavier NX edge module, the approach achieves an average accuracy of
91.2% and 79 frames per second for defect detection, satisfying the requirements of accurate real-time transmission line
defect detection at the edge end.
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Fig.2 Mosaic-9 schematic diagram
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Fig.4 Principle of memory reuse technology
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Fig.5 Comprehensive data set of digital power lines

EBUE CIR2 5 PR {6 S

Table 1 Comprehensive data set of digital power lines
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Table 2  Algorithm training environment and edge-side

deployment environment

TR AT R85/ ) . UL STYEEER
TiH 2% RS B (Jetson Xavier NX)
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Python 3.9.0 Python 3.8.10

®3 MEIILGESH
Table 3 Network training hyperparameters

I ZR % H(epochs) 300
Lk K 7N (batch-size) 64
¥k > % (learn-rate) 0.000 1
2% 2] Z 5y (momentum) 0.937
U IR R EL 0.000 5
0.091
0.08F ——LEE-YOLOvV7
--------- JR fRYOLOV7
0.07f
0.06
&
& 0.05r
&
E 0.04F
0.031
0.02F
0.01F

R X
B 6 Loss MiZk&
Fig.6 Loss graph
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DR 28 23 ) o B[] B 20 P R VB iy BRI 1R R 2

SHR ) 6 AN R T M AT
zh, MR i Zrum A Tetson Xavier NX.

H3 4 AT50, %F YOLOVT #4T 3T M 4% B
R S Fil g B AR AR R A LT R AR YOLOV7 A5 84
WERE T RT RS HRE e R R E R
i, HE LB 4T Ak L,
EfficientNetv2 A B3 % fe/hh, (HHEHEEE .
GFLOPs. R EBA KNGS HI i T HAl 4 Ff
BREAMLE, WA 17, R LRI S om0 S
FHRAT SRS 75 3R 5 17 LCNet SRR FE BN
83.3%, (HMURIAF| 47, T HAh 4 KR ELM
“%, I L SRR R R

SEIGEE R, K LCNet Xf YOLOv7 #A4T
ook, ATERSFEFERA R S GLR, SEIUBLAY )
R A M SIS 7R 30 S5t 0 B B AE 30 5 1A T 52
A, S ah BRI 1 AR SChE AR AL S T H
2R W% 10 S AT S S R AS I (A R

X1 3T 48 5 i LCNet 75 SR fr R 7R RS 7k
M B B, AR RS2 5]\ Meta-ACON 3535
PR, Wise-ToU #5125 BRI Mosic-9 £ #1555 77
EHHATAME,

2.5 LEE-YOLOV7 jHRSEL8

NIGAE LEE-YOLOV7 H &5 (7 L IE B A

SR TV S SR F Mosic-9 255 i HE s A RS R (1)

AR, BT T IHRRSER, 7R AR S K
WZRRARRITES T, AKIUMA Mosic-9 £l 1458 77
7%+ LCNet 4 T M4 . Meta-ACON i b6 5 &%
Wise-loU $1 2K BREL, SB6 45 Ransk 5 Fis:

1)K H LCNet & £ F M 4%, /> T Backbone
B AN ZH K FLOPs, 5[4 1 PR P 137 fr 4
£, SEEAE mAP@O0.5 R 6.4%, {HHEFEHE
KlEE s, RS T 32 Wi/s, HARRIREH
/1>29.6 MB, R T HIEMIZITIEE

2) N\ Mosic-9 #3658 77705, 3T /NH
PREINECEL, fRUL T AN RS H BRSSP ]
P /N BARRER R, IEVER mAP@O.5 M
83.1%32 =5 84.9%, &1 1.8%.

3) 5|\ Meta-ACON 45 43 Wi bR AU, A
M mAP@O0.5 ETHT 3.2%, e T 8, Bk A
PRES (A0 3.1 ms, iXs& T Meta-ACON {514
AT DA REANRAAE B 2 S A A S L, T
R M B RE

4) KH Wise-IoU #i#: CloU Hi2k ik, BT
DT XY SR T0,  A S ERT TRz Ak
RE), TEORUEAEFLE A 2 RSO T, fi
PRI mAP $2TF 4.2%, B IR AILE T R K HE
P IR T AR YOLOVT #5848,
2.6 HMEEXTEL S0

AR ) LEE-YOLOVT 7E [R5 7712

L4 FT ML LB sz

Table 4 Backbone Network Replacement Comparison test

Tk mAP@0.5/% mAP@0.95/% 05 /(-1 GFLOPs FLRUALE K /N/MB
Tosit 89.5 514 15 104.7 715
MobileNetv2 85.1 497 29 67.3 65.2
MobileNetv3 85.6 50.5 26 70.2 63.1
ShuffleNetv2 83.7 489 38 56.2 479
EfficientNetv2 88.6 512 17 98.9 69.6
LCNet 83.1 48.4 47 48.1 419
#* 5 LEE-YOLOV7 JHflsEI6 2 R
Table 5 Results of LEE-YOLOV7 ablation experiments
LCNet Mosic-9 Meta-ACON Wise-IoU  mAP@0.5/% mAP@0.95/%  Kuill#E/(i-s')  GFLOPs  EAUR & K/MMB
89.5 51.4 15 104.7 71.5
v 83.1 48.4 47 48.1 41.9
\ \ 84.9 50.1 47 489 419
x/ \ \ 88.1 50.9 55 452 39.7
\ \ \ \ 92.3 52.9 53 463 40.1
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YOLOV6. YOLOVS, Faster RCNN, DETR., YOLOv7
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% 6 .

H# 6 W LLE H, Faster RCNN 7E &I 2% |-
BB FHABRE, ReRR R A WRAK, JF
AT Fia G % 45 E: YOLOVS Sk iiifT
[ H bR L —, TERS R JORE FIs 3] TR
45 ;s DETR %72 5 T TransFormer < 7£ Backbone
REAIE P 34T AN 5 7 (Self-Attention), #OG i HL
2R K H AR ERPE IR ORI, B YOLOVS #2
THURE, AR 2R /I A Sl P U S v A 2R A
XA . YOLOV6 fE YOLOVS HIZEaf AT
anchor free M3k, FE%H T SloU loss, fEFS)E M
W FAHEET YOLOVS $2FHIA . SCHR[29142 Hi
YOLOVS-Lite HiESEIL T 7R %0 1 DL 62 Mi/s (1738
FE AT SRIEA I, AEAS IR FE UK, mAP@O.5 K
71.1%, XF/N HARFIEG AN 46.9%, ABEiH 2R
HESEF RN A 75 2, SCHR[30]3 H I YOLOVS
NSEILHE /N B ARRTIIRS FE K N 4 2 Ak H ARidk AT
S B H AR RTINS B AR AR DU ZE A R T R R
YOLOVS #2511 6.54%, iK% 65.67%; TMiASCHEH
[f) LEE-YOLOV7 $i%, £ mAP fm I F, S
LT AEID S v e b 53 Wi/s ARSI B, ize T 5
ARSI BRI, R DAY R L v SR PR

R D S A M ) 7 3R
2.7 1REIMEEL R K IERLSIE

K 43 436 R K W AE B R BORSREARL E47 1
S FEAE I Sty 1 2% HEAT AR 904 fk S 96 45 TR fn
7 HR.

2 7 /%0, RS RAERXT LEE-YOLOVT i
1T, mAP AR RS, T RE 1.6%, X7
THHEREER—HIFHHEE, NNSFEREE T
R, (BRI R 68 Wis, #7115, RN
[/ 4.2 ms, HAER GFLOPs J§/b 0.4, HEAUAFR
RE/)N; B NAFEHEARG, LEE-YOLOVT 7E4
FERBURHIEDL T, R ELE] 79 Wi/s.

SAE U SR ATRI, SR HER LN E
FHEAR X LEE-YOLOVT BTG » SVEAE 10 2 ity
W& DR R = T 25.9%, X F] 1.5 ms/3K,
FSr DU TH IR R 79 Wit/s, AT DASE I 10 S5 vy S B AT
o, BT DA A2 TG AL H 7 38k o S i PR A 75 5K

3 HHig

ASCHEH T —MIET LEE-YOLOvT7 % Hi 2k
PRI G %, Gl 2RSS AT, R ELS R
WR:

1) $2HH LEE-YOLOV7 HiEseil 1R iRk
YOLOV7 B RIUSICE B, HEFE LS = 1 253%,
H mAP@O.5 #2717 2.8%, iK% 92.3%, LT %

Ak = A S

MR IR Ak e S A DI CR

R 6 FPRXHS

Table 6 Algorithm comparison test

Hik NEBEE mAP@O0.5/% K HFRE mAP@0.5/% mAP@0.5/% mAP@0.95/% Kyl BE/(i-s 1) GFLOPs HEFRLE K /NMMB
YOLOV5 59.13 93.51 83.2 46.3 27 49.0 70.2
YOLOv6 65.27 95.74 86.5 49.6 19 85.8 130.1

DETR 60.43 96.67 85.8 492 8 101.21 159
Faster RCNN 53.27 85.03 75.1 419 4 792 65.1
YOLOV7 73.74 96.26 89.5 51.4 15 104.7 715
YOLOV5-Lite?] 46.90 81.47 711 37.2 62 3.6 25.1
ik YOLOvSE0 65.67 94.86 86.1 49.6 38 10.8 30.7
LEE-YOLOV7 79.64 97.73 92.3 52.9 53 46.3 40.1
%% 7 Deepstream FARAALTH fib 5236
Table 7 Deepstream technology optimized ablation experiments
zﬁ gg mAP@0.5/% mAP@0.95/% & DN /(i -s 1) GFLOPs
923 52.9 53 23
v 912 52.3 68 1.9
v x/ 91.2 523 79 1.9




5056 i LR AR

2024, 50(11)

2) #2Hiff) LEE-YOLOV7 HyEAHIK T2 Fh 4 g
SR T R St L 2 s R P I T, S T AR 4%
Uiy fge ey FRVASE DR B2 2 ik 53 Moi/s FRDASE N Tk B

3) $EH AR Deepstream 5 A F] TensorRT
TR 5 ) HE P 5] 8 B A Ao A SRR A Y A 10 i 150 4%
RIS B R R, SIEIL T AEASIRE AR AR
FITEOL T, R SRR TSR TE T 49%, i
KRBT 79, BHARBARERA T 17%, LW 7 AED
o a g SN e FRZR B R A I, R T
LR A S uEe SUY A Y &

B 3% D0 AS 1) 9 2% il (http://hve.epri.sgee.com.cn).o
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