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Abstract: The use of unmanned aerial vehicles equipped with lightweight models for high-voltage power transmission
line inspections is crucial for ensuring the safe operation of power transmission systems. Currently, insufficient feature
extraction in lightweight models may lead to inferior effectiveness in high-voltage power transmission line inspections,
thus this paper proposes a multi-scale lightweight convolution (MSLConv). MSLConv fuses features at different scales
and depths while achieving network lightweight. In the shuffle attention (SA) module, a novel and more adaptive channel
shuffling method is introduced. The MSLConv is combined with SA to design two feature extraction modules, MSLCon-
vSA1 and MSLConvSA2, thereby enhancing the channel utilization of MSLConv. When processing sample output, this
paper proposes a combined method based on sample-based dual normalization and activation. This method allows for fin-
er adjustments of channel features in lightweight models with fewer channels and a better establishment of feature
relationships between samples. Finally, this paper conducts a series of improvements based on the YOLOvS5n baseline,
resulting in two models: MSV1 and MSV2. The experimental results demonstrate that, compared to the baseline, MSV1
and MSV2 can reduce parameter quantities by 43.8% and 28.6%, and reduce computational loads by 38.1% and 23.8%,
respectively. Additionally, mAP@.5(average detection accuracy value at an IoU threshold of 0.5) is improved by 5.2%
and 5.4%, and mAP@.5:.95(average detection accuracy value when the IoU threshold is 0.5~0.95 and the step size is 0.05)
is improved by 3.3% and 4.7% for MSV1 and MSV2, respectively.
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PR 5. A%AE MADGRAD 44k 2% 45 3
AR A RN, AXEH 7 SGD. Adam, AdamW
J MADGRAD iX 4 Fiflifbds, 7RIS
ok N7 0 LS. SR st R 1 PR,
MADGRAD 14k 28 76 ToU=0.5 51 2 FBF 218
(mAP@.5)LL % ToU B{EM 0.5 F] 0955 0.05) 1
IR EE B (mAP@.5:. 95) 447 K L5 Tt

M 2 ATLLREL, BT MADGRAD X 2446
FE 5Bt FE R S8 7 AN, HEAR R 2 A% 1
ERARBDI S E . B RN 27 A2 A mAP@.5
YIEHEERE. & 2 F a—f {KIXFIM Insulator.
defect. Shielding Ring. Vibration Damper. Safety
Clamp 5 Nest(J5 3 & KX FRIEHL ).

14 515 J@oR T 4 A 2 5k 312K iR
ot &l Mg th 4 EIn] k3, #HEET SGD. Adam
I AdamW Tfi %, MADGRAD 1 AY, 28 78 1| 5 M B 5
K, Aohild BEMUaIR, HAEMZ
MADGRAD LAt 3 S% #h 451, AR E
L3l R, 276 7% RIX SR bR, 1] 15 MADGRAD
etk g e A SCE PR AR SGD Adam 5 AdamW
AR R
322 BUEREC EESEES

AT B EvoNorm-S 05 BRI A 20, A
¥4 Conv I8 1) SILU B0 eR 45053 71 5 #24 Mish,
Haradswish. FReLU } EvoNorm-S J5, 7EJi1f
YOLOvSn 58 R AT 7% e SEge

Eid#E 3 R, R EvoNorm-S &% 44
FTHE—T, (HEE BN 4568, 7 mAP@.5
5 mAP@.5:.95 WL TH KA S5 BN 4405
KW, HLTHMBERESE BN (46, 7®
EvoNorm-S £%15 BN 454, EvoNorm-S2+BN
LI B AEPERE, H mAP@.5 )9 83.0%, mAP@.5:.95
N 42.2%, WALTF % EvoNorm-SO+BN f A4 & .
AR ST REAR W E I — L S8 44,

RAIE T BMIA—IERR A, 3R TR R .
3.2.3 MSLConvSA i tt 525t

NEGUE MSLConvSA HIA &, Ak Fikek
#) YOLOvSn W& 451 7 5¢T MSLConv [#] %
F%t b sz Hodr %t MSLConvSA2 5 MSLConvSALl
B TFAZ KN kv ke 53 BITEAS IR 1 O 2047
TR B s E,  PAAR 9T i £ ) MSLCovnSA2 Al
MSLConvSAl 4 & . [ B, & & X & 4
MSLBottleneck H ) MSLCovnSA 43 H4s B — Vi
PRI 7R EE A #2333 Ry MSLCovnSAL Fl
MSLCovnSAL. S5 H 428 MADGRAD, ¥
PRECFNA— 1k 7 VR Ri%E$ A EvoNorm-S2 5 BN Hj

AN
gl:ll:lo

® 45K S5 HH S5 S2 55N

MSLConvSAl & MSLConvSA2. # 1 17 %R 546

ff) YOLOvSn ARSI EE R . R 5 “3-1%27 Foi
F1 RABHLL

Table 1 Optimizer comparison

A& mAP@.5/% mAP@.5:.95/%
SGD 81.1 41.9
Adam 81.7 415
AdamW 81.3 412
MADGRAD 84.0 447

R 2 AFFEARIGAS IR EE(mAP@.S)

Table 2 Comparison of optimizers for different sample cate-

gories (MAP@.5)
‘ mAP@.5/%
e
a b c d e f
SGD 85.9 78.9 95.7 71.7 77.2 77.4
Adam 85.2 75.9 95.9 71.8 78.9 82.4
AdamW 85.5 76.5 96.5 69.1 75.6 84.6
MADGRAD 88.7 77.2 95.9 75.4 81.0 85.7
0.11
—— SGD
0.101 —— Adam
0.09F AdamW
0.08" MADGRAD
o
K 0.07F
X
™ 0.06F
0.05
0.04F o ,‘_\Mvmm
0.03 1 1 ]

1 31 61 91 121 151 181 211 241 271
IRk A5 %

& 14 Bounding box 1515k Loox 12K

Fig.14 Bounding box Loss Lyox curve
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0.11

[ —— SGD

0.101 —— Adam

0.09F AdamW

0.08F MADGRAD
2

0.07F 0
asla

0.06

0.05r ' . M\/“\ﬁ— ala

& e A A P, SN Mo
0.04r e 2, o
0.03 1 1 1 1 1 1 1 1 ]

I 31 61 91 121 151 181 211 241 27
W ZREHE 5

KIS EARAS IR Lob; H£EE]

Fig.15 Object detection loss Lob; curve

R3 PamERET T

Table 3  Activation function comparison

% 4 MSLBottleneck H MSLConvSA1 & 1 B % bt Sz 56
Table 4 Comparison experiment of MSLConvSA1 quantity in
MSLBottleneck with repetition count of 1

S2 S1  mAP@.5/% mAP@.5:.95/% ZH&/105 FHHU10°
— — 85.2 455 1.777 42
3-1 3-1 85.5 453 0.913 24
3-1 33 85.2 45.0 0.941 24
3-1 3-5 86.3 452 0.998 2.6
33 3-1 84.9 44.4 0.967 2.5
33 33 85.5 443 0.995 2.5
33 3-5 85.0 44.8 1.052 2.7
3-5 3-1 85.4 452 1.072 2.7
3-5 33 84.5 44.6 1.103 2.8
3-5 3-5 84.2 443 1.159 2.9

b SRR A mAP@.5/% mAP@.5:.95/%
SiLU+BN 81.1 419
Haradswish+ BN 81.2 40.6
Mish+BN 81.3 41.3
FReLU+BN 77.2 38.6
EvoNorm-S0 79.5 40.2
EvoNorm-S0+BN 81.6 424
EvoNorm-S1 81.2 40.9
EvoNorm-S1+BN 81.8 413
EvoNorm-S2 80.3 40.5
EvoNorm-S2+BN 83.0 422

T BRI N k=3 k=1 FIERPIR,
HoAth R A

MEER 4 7RI, MSLConvSAIG-5) 45
MSLConvSA2(3-1) I & (A L HHF MSVTES 4L
S E =AM YOLOvSn A 81K K sk i1 il N A
MRS FE B, MSVI fES U ANE s 5 &) -
FHEL YOLOVSn #8153 7l 1 43.8%A1 38.1%,
mAP@.5 $2T+ 7 1.1%, 1] mAP@.5:.95 1 K % 0.3%.

% 5 F£B MSLConvSA1(3-5*2)5 MSLConvSA2
(3-3)HAE R MSV2)EIR TR,
H MSV2 X MSV1 BA T ks FE, BN A A
MHEEMSHESITEE,

KK MSVI1 5 MSV2 5 YOLOVSn #5711 4%
HKAH mAP@.5 5 mAP@.5:.95 4T T SRS 4H %
b, &6 5% 7 a—f RAFFK 2.

£ mAP@.5 J5Tf, MSVI FAUF X TR 7E
Insulator. Defect #1 Nest HJiR 51 _E AT+ T 0.6%-
3.3%AH1 3.9%, RILHAERE . SR1T, 7EFHAD S5 1)
o, MSV1 B 534 AHLURE A T %, MSV2
B AT T R AE A KA R B3 AT, wf

# 5 MSLBottleneck #1 MSLConvSA1 %y 2 i %} Lk 556
Table 5 Comparison experiment of MSLConvSA1 quantity in

MSLBottleneck with repetition count of 2

S2 S1  mAP@.5/% mAP@.5:95/%  SHE/10° FAK/10°0
- - 85.2 455 1.777 42
3-1 3-1%2 85.2 44.7 1.046 2.7
3-1 3-3%2 85.3 454 1.012 2.8
3-1 3-5%2 85.9 46.3 1216 3.1
3-3 3-1%2 85.1 452 1.100 2.8
33 3-3%2 85.1 453 1.156 3.0
3-3 3-5%2 86.5 46.6 1.269 3.2
3-5 3-1%2 85.8 46.0 1207 3.0
3-5 3-3%2 85.6 454 1264 3.2
3-5 3-5%2 85.9 46.5 1377 3.5

R 6 HHRERFAISN mAP@.5 X HLSL:
Table 6 Comparison experiment of mAP@.5 for different

sample categories of the dataset

N mAP@.5/%
Ll
all a b c d e f
YOLOvV5n 85.2 88.8 828 971 776 81.7 835
MSV1 86.3 894 861 967 773 812 874
MSV2 86.5 89.6 846 972 786 825 863

£ 7 HIRESFEARZER mAP@.5:.95 X LL s
Table 7 Comparison experiment of mAP@.5:.95 for different

sample categories of the dataset

mAP@.5:.95/%

R
all a b c d e f
YOLOV5n 455 553 303 733 36.1 373 409
MSV1 452 554 279 730 356 360 436
MSV2 46.6 574 304 723 353 394 451

PL& IR, MSV1 7 7E Defect A1 Nest 15 51 _FAH %
U, 1 MSV2 A 22 R A _E I BRI .
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£ mAP@.5:.95 J5 i, MSV2 BRFXTF MSV1 5
SR 4 R HFRIRI AR A, HAE Nest
R PR e, B T 4.2%.

R bR, MXT TSR, MSVI 5 MSV2
YIS R FE T O N S HCR AF s BRI, RFE T
TSR AT SR, TR AS [F] S5 7R R, RPN
PR AT I 4
3.2.4 EIEVRPER LI

2.3 ER|, SA KiEE S N g HIFATIRGE A LA
FIBLIBIE Y, fif e 2 i MSLConv Bt
AT IEIE R AR )8 PR 5T 38 38 73 XS 9 2%
R REFISE I, A SCH o A AN TR 5 AT T 5%
EEskdt . AWM RTT: — K2 Rl E A4
BEAT R4, AE SCHR[10] 0 1 2 K 2 2 T e e B
g=2, RXHAMRIET g=4 T g=8 HIBiFh oI5
HATRT LTS ) — SRR g 2 ] il TE 04T
S AEARRIEL BI g=C/8. g=C/16 5 g=C/32,
FLARSy 21 R L SE 6 25 R LR 8 Fim o

MF 8 TIRI, SA H I HEON LR
HERm, AT S, BefHiEE
iy 7 407 ey R R s, £ HECh /16
I, 2% R IR . DA e g s TE H ) 5 Xy
AT DLSRIAE IR Z I 2% i oy D, TR = 2%
IR 2, B ORI R GRS R, PRt
T TR RE
33 JHRLSCIG
33.1 MSV2 sz

SNEGUE Channel Shuffle X 3 18 51 FH %% % 11 5
Wi, LAK MSLConv H SA VER AIHLHI B L4
V) A 7 5% 22 R 3 3 AR i O R AT 5 SR () s, AR
SO LS ] MSLConvSA2 [ MSV2 #H7 T il fl

X 9 PR, FATEIEREE mAP@.5 5
mAP@.5:.95 7 BT T 1.7%H1 0.3%. £ MSLConv
M SA JERSINLEG, MR AT EE R
mAP@.5 5 mAP@.5:.95 $&F+ T 0.5%F1 0.9%. £
Frik, ASC%F MSLConvSA ik it& B 25 .

332 HEARRN L% A o

RIS IE AR SC ek 7 v A P DA R % 2 A
BRI, AR SO T RVITH RS,
BRI RAE R IR I AR IR AT oo,
SEAPERE. NfEfLRE, F+ A ¥ MADGRAD
flifb s, B F7~ EvoNorm-S2 U HK# 5 BN f4h

#, CHR/R MSVI, D R MSV2, TR
HER B BT [ 5 TS K. 3R 10 a] KRB, AU
PR 28 O E mAP@.5 5 mAP@.5:.95 YA & TH1E
BUF, KR FERIR D T 288 A

34 AEIMLEXTEL 3258

NBGAEAR SO R A, A SO H AT G
B YOLOv6n., YOLOv7-Tiny A1 YOLOv8n H#x
R W 9% DA R AR SC I FE 28 YOLOvSn Al A ST
MSV1., MSV2, 7EHBAIHER S A ikas Filt
175 He s ae 23],

R 11, B, N mAP@.5 $8Fr K&, MSVI
AIMSV2 73518 86.3%15 86.5%, T HAhEIEGE
BN 79.0%~85.4%). M\ mAP@.5:.95 fabrKHAE,
MSV1 Fl MSV2 (R IMBAXTELLTF, 53790 45.2%
F146.6%, =T HADFIEGEEA 41.9%~44.6%,
i MSV1 £ T YOLOvSn). Xt MSVI Fl
MSV2 fEREARRGI R B M. FN, MSVI
A MSV2 IS8 RABRKEE L, 558
0.998 M 1 1.269 M. V% miBUKIREEREAL, 20N
2.6 G f13.2G. MELFHABEE, MSVI Fil MSV2 f5

# 8 RS ABORIN G, R

Table 8 Impact of different number of groups on detection

results
g mAP@.5/% mAP@.5:.95/%
2 83.9 453
4 85.5 45.6
8 84.8 44.7
C/8 85.5 45.8
C/16 86.5 46.6
C/32 85.3 45.5
#9 MSV2HRSEE:
Table 9 MSV?2 ablation experiment
[ mAP@.5/%  mAP@.5:.95/%
MSLConv 84.1 454
MSLConv +Channel_shuffle 85.8 45.7
MSLConv+SA(MSLConv+SA) 86.3 46.6

10 BB RS R

Table 10 Comprehensive network ablation experiment

A B C D mAP@.5/% mAP@.5:.95/% ZHE/106 FFA%50/100

81.1 419 1.777 4.2
v 84.0 44.7 1.777 4.2
v 85.2 455 1.777 4.2
v v v 86.3 452 0.998 2.6
v v 86.5 46.6 1.269 32
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Table 11 Comparative experiments of different networks

mAP@.5/ mAP@.5:95/ ¥t VR BATH

Sk % % /100 %/10° [8]/ms
YOLOV5n 81.1 419 1.777  4.20 4.1
YOLOV6n 79.0 433 4300 11.07 3.6

YOLOV7-Tiny 85.4 44.6 6.020  13.10 34
YOLOV&n 83.1 46.1 3.068 8.10 35
MSV1 86.3 452 0.998  2.60 43
MSV2 86.5 46.6 1269  3.20 4.6

BUR/NEEZIN, o5 TRV BE R/, R ARSI
HUMRE E 2T XEWE MSVI fl MSV2 7578
ALK F8 Bl il 2 b 5 BAR 3 . BAEIB AT R (A
b, B MSVI 5 MSV2 I TR ZHm L, &
SO HESE N [A]AH T HA P 5 B RS 1 0, (HH
A T8 /K, 5 J2 SRS ARSI 5 3K

4 Eig

D RGN T —FhaH 2 ER s
MSLConv ., #H tt Tl &, B4 d— 1k MSLConv
AbERFER AT LAAF 2 3 AN R FE AR IR AE (S 2.
PRUE 7 ASIN RS B2, RIS B T E R g, K
W@ FEIR D | SRR R

2) AR SA fith 5 MSLConv £54, Wit T
MSLConvSA1 5 MSLConvSA2 P, F42H
T LA E R TE R Oy AT L, BUIE AR
TR FE IR 285 3047 AN [F) VR BLRE FE B I VR

3) BT AR S R ONREA A AR S, A
HINT MAGRAD Ab#S, HATMEiE S5 %4
BEEE AR B TT 50, 3T T FEARRE B> F 1)
WA FE ol B i R e i A R 2 3R 47 U — A
FEARTEHIBR R, ASCHEH TR TREA I AE 15—k
S5Eis A Tk, S AR — I E IR 5L
BRI T PERE .

4) AR ISR MSV1 5 MSV2 fEA
e e A FL 2 B R E s 2 B mAP@.5 i
86.3% 1 86.5%, mAP@.5:95 43 Ny 45.2% A
46.6%, WFLEERIMMT HATESEHER) YOLOVG,
YOLOv7-Tiny #1 YOLOv8n(mAP@.5:95 1 T
MSVI) LA K 34 YOLOvSn 25 H ARkl &%, H
MSV1 5 MSV2 Z4&77 74 0.998 M A1 1.269 M,
TF BN 2.60 G F13.20 G, ESHE 5% A
RN T HABBLRY, TERT7E T ANLEFE B 28 iy
I

ARA, e M By LR 1) JAS S AR A IR > 3
I A B ks EE KT R R, (B
e, AU T e TAEN IS A B, JUHAE
BRI AT I Al dE AR ik /it —2ite, HASCOS
T AR AE A H ARAS A A b AT VAR AT TR
o RORIIBIE TORE 4k S AE DRofp b DIAS FE 1R 2l |5
DU EAL, IRt — D B P HERE I 1E], O
vy L i FEL R 1K) T A AL e % v PR Y FoAt H
PRASTI TSR AR SRR, RIS Ay AR AR
e IR L GA TTVE NI -
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