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FEE BT X AT AL L ORI 2RI, S U R A T 30 28 7 W U 52 B 11 30 5 1R 4 55 ) AL, 4D —
Ak YOLOv1 In( you only look once version 11 nano) [45 5 2% BF 92 4 4% -G K6 I 3 15 , 18 i il ShuffleNetV2
B 5 5 NEE Rl B A ( cross-scale fusion module, CCFM) , #4# Shuffle-CCFM £544), £ 5 22 JUBERHAE 1 il fiE
F1 AR SRR R 5 3 )RR 43 (8] 73 7 /7 ( cross-channel partial spatial attention, C2PSA)AEH 5] A (R &
W= Bt 2 1L (inverted residual mobile block with attention, iRMB) ,JE i C2PSA-iRMB #ik , $2 5 B kw2
F LT PN RE T , JT 1G5 [F) — ZLEE LAY DX P 25 (A1 B B R IE 09 DGR A AR 77 5 76 C3K2 e 4R i/l
4 FH (wavelet transform convolution, WTConv) , £ i, C3k2-WTConv Fi3t | $2 m A AUAE A [R] R B R B4R AF S B R
775 R3S FRFERS DySample {URBE S FRAA Y ARYEAFE BN A B S I R R AL E 428 FRAEH B
1728 (8] A3 R S 20T IR IR R T o T R T Ml g % L g R AT AL A A R B 0 S0 G YOLOv 1 In B 11
K pEfe 45 R0 AHE T YOLOvl1n 3535, 5] A Shuffle-CCFM %544 .C2PSA-iRMB 3  C3k2-WTConv £
LA DySample #EHU5 (1 20 YOLOvIIn B S 80 N, iR & N AE SO RN T 23 518/ 27.5%
23.8% .32. 7% , 33T FLBE Ky SO BF-HPAE LA E,\ps0 SCTF HEBIE A 50 1 52 95 V- 245 FE I E E,pso.05 1
A R 5354 1. 6% 3. 8% 0. 4% Sz AL AR IRS B2 B W 42 s BiilE YOLOv1 In B0y R 4 4 R 15
PR DU B AN 1 B AR W] AL T YOLOvSn \ YOLOv6n , YOLOv8n , YOLOv1O0n &4 9 Bk, 36 G 3058 Tt %t
RS2 MR 30 2% % 5 G YOLOV T In B335 A5 AR R SR 4% PR ARSI B 0 o X A 00 425 RO B 25 B o 1) 715 B, X
ROFUN JEAE AR S5 A0 T PR RE I #0ik  TE S 28 5t T B SR ML TIRRE 1 o
S48 P25 A ; YOLOv1 1n ; ShuffleNetV2 ; CCFM ; iRMB ; WTConv ; DySample
hE 4 K5 . U446.2;TP183 HERARAEFRD : A XEHE:1672-0032(2025) 06-0095-11
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96 LLIZR 2 3 2 e 2 4 2025 4F 11 7 4533 4%
B, BATAERCR A 2 2 B > o BEE AL SE R 27 ) BRIE 1 T 8 | 25 TR I 27 o) BEIE i 8
TG B bR EShR AR ) 2 B T 28R I 450 o MR AL G N TAR I, e PSR H AR E S I B £
T BAY ER UL BEAD IR, Al 70 T 2L8E R AL, 42 e ARG B AR

AITAE K, YOLO (you only look once ) FR BRI 77 ] {5 Ab BE A5 358 Ji2 B 125 A 4G IUDKS 182 A SCRH4E ), A7
AU I U2 )32 S o XA E S SR i 4% 2 MobileNetv2 ¥ £ /5 BLYR ZZHE G T 4% ( single
shot multibox detector, SSD) Bk (1) H T M 4%, 51 AGH I8 {3 & S HLHI SENet Z544 , £ 55 SSD 53 78 L PR T
PR A B Th BRI 3 % v A A 2R B BE T R RS 3 A i, AT D) T — i B L A 0 B
YOLOv5 (you only look once version 5) , 7F Convolution ,Batch Normalization ,SiLU fE 3k A gl A AR 2 J1HL
TSR L a0 Xof P GCRAE H2 IR 52 0, 78 BT 00 48 A s 45 M0 Al A T2 38 1 B RA v8 oE (KS B2 2 e/
IS PG A T RIS v, o bl 40 4 ORI 1 B0 AN A o RS $R T = e 28 R 1Y
Bt A shil ks 7 v, il it 51 A Lion LAk a5 FIALAL 151 2K R Bk #E YOLOV8 (you only look once version
8) Tk , K I My B AL A RN i A L 1207 I S B T R T ) = v LA AN A A (B AR A I R e A
A RAR v S A R B e N T [RS8 5 A0 ) ok A A K T8 5 G D0 58 e L SHe oot 1
TR, 7 S A IR B 2 20 7 T e BN AL , o LA o S B 2 2 3 B R R A R A T 45

FEM AR PR, oA )z, HAGINAT 55 B, aRR — iR AR REU N ARG DA 2 v R Ak 348 i 2 e iy
PRGN B3k, S I o AP 4 (M 22 S AL o S ST X A 2 284 5% PRI I 19 52 PR oK 4 e — b ket
YOLOv11In(you only look once version 11 nano) FrJ4% e 25 RS AGINELL: , il 15 il ShuffleNet V2 FRibk 5 K EF
il &R (cross-scale fusion module, CCFM) , LUEE &5 2 RUEARFERYRL G B8 ) - BRI R 280 s R T
LRI 5T 1B SR S [B) TE 7 7 (cross-channel partial spatial attention, C2PSA) fRt 5| AR E R 2ZEH0F 2 18
#i] (inverted residual mobile block with attention, iRMB) , LA HH$2 S 55 8 ) & 22 4 2% 4057 (iR 0 BE o, I 10k
[Fi] — e 25 g DXl PR 25 [ B B AR ) DB AR ) 5
TESE ) 25 1 C3k2 A B v 48 18/ )N 3 45 FR ((wavelet
transform convolution, WTConv) , L 5} 42 155 4% 2 76 R[]
JUE N B AE SR BBE 775 R 3 248 FoRAE4R (dynamic
sample, DySample ) UGS FRAGT, LU B i 24 4%
W RE T, I R BEE EUR R IS 2
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Concat ] ( Conv ]

1 YOLOvlin &%

(Upsample) Concat J

YOLOVIIX'")5 A% 32 AEHUR S HOILAE 45
VRHERIHSEALASE 176 25 5, 30 A [ P 9
BEPEP-A T R . A BB A, 5 1 5, (L
FERLVEIR R 2 . YOLOVIIn e LA, 25
R TR 3PS RO R FE 15+ S AR, B XA

PRRABERTIAT 55 5 2K, AS S0 ] YOLOv1 In B :AE N
Fefif A AL, YOLOvIn 83kt 3 F M 4% ( Backbone
C2PSA

|
|
|
|
|
|
YOLOvllin, YOLOvlls, YOLOvlIm, YOLOvI1l #1 |
|
|
|
|
|
|
l

Network ) FERN 2% ( Neck Network ) F13k 34F % 2% ( Head
Network ) 215, it HE 1 PR Y +Input S P ABE B Cony S48 BUBLH; C3K2
Mrig 24 A 0/ B X HEBEAIR AR AR, 764K T4 a2 59 25 [ Rl A GE AR e s SPPF Sy et 25 ]
e PG v T o5 TR R /DN, A G G TR 760 e L v i ) IR Coneat Sy DRZEASEHR s Upsample 28 1R £ 5L
L:j/_\r‘é,fjﬁ%ﬁyﬁd\ E 1;/]4: , % H_,I Iﬂﬁ*ﬁ*ﬂﬁ*ﬁIﬂ%g Tﬁﬁ% th{;DEtECt SRS B A AR T H ARAG 25 51
. . N, , . B 1 YOLOvlln fikz:# A
SUBE PG P b 4 235 BP0, IR R 803 e R AR '



%6 MG, 55 BT EGHE YOLOVI In [ ik S0 R 244 P (GG 3 97
M TS Y21 BB R HE AR B (5 S0 25 7 TR AR B, 52 0 S 4 RS AE 42 ORI, S BUR RS JE
W SR RAEIX /N FARAGEINAE 55, 5 B E AT YOLOVT In B00% 48 i HUARAE 4R I AE

Ve AL R YOLOvI In B9k i il AU AL S8 e A B0 N L AR S Bk (EL B 0 2 25
A AE SR 2 IR A S ), 7E SR AR i, DG S a0 G 265 XF S5 A R 5 28 3R 5
TR R R AR SRR R e S R ARG U A, A 3 5 % 5 R Bl 240 0 45 W U5
32 FRIAEE T ek PO BRI 75 oK, 75 ik — P et 5 04 YOLOv In B3k, $ i HaH 3 A

2 i YOLOvlin &%

N R R S A R DS 2 W/ N R S MO A B, X YOLOv ] In B33k HEAT 40 T ke ik

1) M 2 54 4 G 3 S 30 RGT U N OB A2 AR 5385 S0 B EEAR, R 55 %) 22 ROBEFRRAE 2L A RN
FARIRIIAE I ER Hm . ad il A ShuffleNetV2 #Ek' ™ 5 CCFM #5e ™ #g ¢k Shuffle-CCFM 4544, 32 5
2 REAG B T NA45E BARIRLIN B8 7 , A3 2080 MR T S8 i, (i Sk B i A (8 T R 32 PR (1)
NG LEBE

2) BE X SR S Al NSO R SR 2T A RIS B 28 A B2 M, E 32 T 4% 19 C2PSA b 5] A iRMB
B! I pE C2PSA-IRMB B {fi 5 RE AN W24 4% (1 52 Z 4 11, 410 PRI 15 v A el e ae FL g T [l — 4%
ZALE NN TR FRRIE R ZR Ak, T v b U0 S A P S AT AR, 18 X S A YT R B B ) RIS DA

3) Wi R4 7 ] — R4 A R B 1 RN 22 RO 3 A HRAE , YOLOV L In By Mk L I 4% 2 2445 AR 1F 1Y
AR BN K TE SR 45 9 C3k2 e s i WTConv' ™ i C3k2-WTConv KB | 38 o 22 451 3 0l )i
PR B FURAZ BT WA R F IR RE T, A A R AR B A T I AE N S AT S B RL

4)5| A DySample' " #i b, ¥k #ME S 1
SRAE AR B AE 40 9 R 2R T 7 AN R
DySample #5808 285 55 8 R AE SRS , A4l
FRAE T N2 38 N R FE R AR, A AR
L RAERY B2 (8] 43 B R 5 0 A R BE
et YOLOv1 In BEyEZ5A an &l 2 B
2.1 Shuffle-CCFM %&#4

2554 TP 25 X 24 5302 R FH N IR I 4%
ZEA NS B W T R A R I R (.
DR £ 85 Ky Jim R B 2 00 1 0 = BUR R TR
J3E i, Mk DL TE BRI 2 IR S A B
ShuffleNetV2 3R H 3 18 53 %1 5 8 18 1R Uk
BLA , T 54 T30 38 (R 5 B A B B ARG
L TUARRRAEAS S, 32 = RRAE i 3R A%
B IR /NSHCE ; COFM RBEHR F R 2 (8] B RN 52 AL, SEBUA ) ROBE RRAE (R i R B8 il 6, o0 3t 155
RS BREX SRS . T M4 ShuffleNetV2 KL 7e I MG ERAE I 4y 4% 2 40 2 R 4T
B A5 3% 2 3R 45 CCFM Bidk , i CCFM Bt BHRRRAE 2E 1 7 it RO AR Bl & S AL, SEaEE
FRE RS 5 2 RER 5, JE A Shuffle-CCFM 2544 . Shuffle-CCFM Z5 4 BEA R 28 /N R R GE R 1IE 1Y
FERAE S ARG A, HLAE R R Ak, SRS R IR

ShuffleNetV2 FHk (1) X 25 44 F bR il TS TR oRFERCHAS 15, I 4R W&l 3 i o FEdn Tt
SR AR REAR A BT HE T 2 R 38 55 4 Ao e A S AN T T AR BRER AR, A I 43 SR
SABE AR AE TSR U 1x1 2 FH 3X3 IRE LA 1x 1 R, 20040 52 00 ok 4y AR 4 435 1L 5 4R
TEA, ANPATAL AT A8 e BV, B9 43 32 00 B HB AR5 A1 5K & 76 38 18 2 5 T 8 17 PF B 48 R0 3 18 TR Ve B AR

2 ik YOLOvIIn Sk 4 A



98 L ZR B30 2 e 2 4 2025 4 11 J] 4333 %
(Channel Shuffle) o 7£F RARBLI b ay A5 AE 5K G 7 HCE 38 4 88 i 249 25 2331, A5 0007 SO68 73 TE B9 8 i
TARARYE N 1x1 B 3x3 RBEEBBUR 11 B AURAE , S B as [ 4E BE A T SRAE , Z2 0053 SO0 3 BE R4
AEFHARUENN 3x3 TREEA AN 11 B BURAE , PR P ) 25 18] 70 B3, 1 23 S B0 i 1 AR5 A 5 i 7 3
IEYERE AT DR AE IR VR A 5 2 ) U RS ST e g 11 A AR AR SR 50

CCFM MBS, Gl 5 23 M AL LA (5 B3R 0K, ES 2R T 4 Jir7is o eS0T I 265 B9 Rl 15 A2

, CCFM W28 454 51 AR LA R 1x 1 BRRAE , ReA AP O L& 00 46 B BEAY Rk 15 8L 1
RN IS 0E  FEAFAERL B B, S I A A B AL A M Ix T B AR, SCBUAS [R) ROBE Rk
P TR] FO S [m i, 394 DR SR ) S E LM R AR RE ) o

1x1 Conv J: Input

Y

A
UpSample

BN-ReLU
[ Fusion } [DownSample] v
P (e
1x1 Conv A

BN-ReLU

UpSample

Fusion

DownSample

a) bRUETH IR b) TORFERIR
{4 : Channel Split il JEHF 43 B4 s DWConv T £ 45 FUERAE ; BN 7 : Fusion iy #% 7] fill & # /F ; DownSample Jy
(batch normalization ) Ay#t & )3 —14k ; ReLU ( rectified linear unit) A {& T RFERAE
TEZAE B0 ; Output Sy b FREE 4 H 4 CCFM #23: M &2 1A

3 ShuffleNetV2 ££3 W 24 22 #1 H

2.2 C2PSA-iRMB #&iR

PR AR ALIE 7 R BN A/ Pl (B 2R 79 5T WL S5 A, 2R BRI Ak el I
RS IEARIIOC R o AL Ge s RS M J) B T JR 366 23 1) A2 B , Mk A AT A A K B s ORI SC R T e =
T2 AR ) C2PSA FEH 5 A IRMB KB, JE i, C2PSA-IRMB A58 , 33 56 55032 X {30055 A AiE (o ¢ 4 2
) ABURBE AR 7 , 5 W0 45 52 % B2 i v 3 B0 05 KUK . iRMB ARk 7K Transformer 2244 [ 11
RSP 5 B R 2 A RO, B TR AL S AT s 18] 3 B ) A4 R i 52 39 50 303 ) 4 Ry AR
HHARAE S 5 (2 5k 22 25 M R RS TR T P, DR £ 57 X 4% v SR A A Ak A B 3 2

iRMB FEEREFH AN 5 7 o IRMB BEBROM Rl 1x1 5 .3x3 WEERE A EEIPLH IR A2
o AR 11 RN T 4 0 R 4 5 98, REOL AU B i3 5l . 3x3 TRIE B RN
TR R 23 [AIRFAE , 11 308 S AL N T S ARRAE ) A R B e S RO %

@

\_ Attn Mat )

-— 3 x 3 DWConv

7 Attn Mat iR MR Q KV 20 B 1ML AY 2516 (Query) Vi ( Key) FI{E ( Value) o
B 5 iRMB #3424 H




%6 MG, 55 BT EGHE YOLOVI In [ ik S0 R 244 P (GG 3 99
2.3 (C3k2-WTConv #&#R

LR [R50 W 1 22 UL 2 [A) N SR B R A R] R R A AT R 23 [V A1 , A G AR T 23 ) SR A T4 AT
RIS 5 AN DA SR A 245 AR HE I E AT B, S SIORUE I AR 20, /NS B WTConw ) A5 B
BTN BE i 22 AR T3 A RAM R BAE AR RN SR RAE o /N AR e REAE AR 4k
PURHAR 500 Ak 2UAN TR AU, HE iR SRR AR Rt vy AU 1Y (SRR T ZR R AL ) 5 M AS A R (ZREEAS A X )
A BEST o RO, /NS P ) 2 BR PRV R S v 88 M) P 22 IOBE A0 15 I8, i v SR A R A P 2 A P R 5
PRE . FESTRIM 4 1 C3K2 A rh 2 L WTConv Y, C3k2-WTConv Fib , BUARSRAE 78 C3k2 LU
HUZHICH LL WTConv AL I 25 18] BURA | SIS0 A% A5 5 HH i 1 50— 2o, WTConv FIAE 3
BRUR , S ARHIE Y 2 ROBE/ N i S 25 1R B, BT O AR C3K2 Rk (il A PR i i
BB G WTConv , 1 5 5300 22 RUBE R B2 4R AIE ) 22 1K BE

WTConv HEERZEFIUNE 6 fT7i , WTConv FREBUR HI/NE AL HA B Wavelet Conv) #84F UL Z K 2
W EE B il SR R M AA R AV RHIE SRR BE T o B A RR AR 18] 28 /NI AR AR A [ RUBE A 4t
Ay R AR 73 ) 0 S A 7 LA B SR BB Z S Ak, A 232046 L ( Group Conv) ] 1x 1 B BRI
BRI, Bl G CINBRRE SR ) AS TR ROBE B AR, SE B 22 ]OREAR R A B 5, l ad b /) 9 AR
(Inverse Wavelet Transform , IW'T )R Filt5 (% Z2 WU F AE £ 4T 28 (W) FE A, PRAFHFAE S BAY 25 1] — Btk b
PRAUE/ N A RS RS AR (Base Conv) i HH AO4FAE 181 25 18] RO — 2, 2R ] — 4B 2431k ( AvgPool2d )
I RAE LA A BRI (145 S ol i R P 2 1 4 — 2

[ Input Wavelet Conv AcgPool2d Output ]

Base Conv H Base Scale ]

4 : Base Scale SRR RIS LG, 2 22 RUBE b BRAE SR i A% 0 S8
B 6 WTConv #32# B

2.4 DySample &R

TEREERTIAE 55, FoRFERT B e /R R R AR T 2 it ARS8 FoRARASEER 22 [ 5 ML
VU FRA7R {1 77 3 , 2 i) T A IR P 22, B T R AT ARRAE, SR 2 I PR fE' ™ . DySample BT 8h 2%
FERRE 3T RAAE N A IS N R R SR AR A RRIE 1 JR AR Ak T N v 2 (R R A B
I V&1 2 [ R AR B 32, S A T R AR IR S RICR,

Dysample FHR R RAF 5 AR RS EE A ANIET 7 FT7R o SRAE s A i X i AR AE SRR 4R X i 2 17
i (Linear) AR R VEMHAR (Pixel Shuffle ) , 4550 Bl K (G DA 7 5 gh 25598 B PR ) 98035 I B Rk
KIS it O, 5 1F FHBURAE B U 0R WA AL B G AR NS 346 HHRRAE R RAE L X7,

e G =
2gs?
W
v 2
Pixel Shuffel 0o H= $¢
2gs? w W,
W

TE:CH W 53 50 iy AL 1T Fo 38 TR i3 BE R S8 L 5 ¢ S SR X N Bt s g B SR LA K] F 5
o i Sigmoid pREL, FITA: s B K 75 O A MBS FAE K B 1t 5 H W, 43500 D 3% 10 1k P 1) 2 BE D
GLRE 5 G AR FHSSURRLE I JL A A (3L 85 5 Hy W 2033 o /R SR P £ g E R 92
7 Dysample B3 R4 5 A R B4 H A



100 I ZR A8 i 2 e 24 20254F 11 H %533 4%

3 ABREERDH

3.1 AR

IS AT PR B PR AR T AL ERAE R 48y Ubuntu22. 04, CPU Z JE #L#L 10vCPU, GPU Y
RTX3090, N7k 60 GB, A7 M 24 GB; J-4T1 B4y CUDAL2. 4, TR %= M HESE Jy PyTorch2. 1. 0; 5 f#
A python3. 10. 14, B8 5 2R 08 R 300, 25400 64 HLUK, %~ %5 0. 01, fEfL 4% 4 SGD
( Stochastic Gradient Descent) , % A B F 70350 640 {2 £ %640 2%

RIS E I HE R U5 T Roboflow B 5 W3 (https : //roboflow. com ) 23 FF A& Aii i B2 54 4% MG B 4R |, E 2ok
At Labellmg FRif: 2 934 SkAr G248 KR b Y 2245% , SR FHREALI 70 00 7 Bt Bl 6 4% 6 = 2 = 2 Rl 53 41l
g AR IR IESE
3.2 iRfHIEER

TENT G248 RUGAG NS0 b, JEIORS A 28 P A7 013 R SP-HPKE I . AU SCHFE RN T SR N,
W N AR R

GRS

P=Nyp/ (Nyp+Nyp ) x100%
T Ny S SEEAI TE A 1 HAREL, Nep SRS R0 H AR AL
FEICES
R=N,p/ (Nyp+Npy) X100% ,
X Ny AR B R

PR E 0 A REASK IS 1 28 - (8, Ep B, 5005 O G DU P BE B, 38 R I 52
Ff: k. (intersection over union, loU) [R{EH A 50 B B9 EI94E EII(E K \pso 22 ToU BI{E M 50 3 Z= 95 I {)5F1y
KEREE E apso-0s VE R BEAIN S S IRIRE BE QI VEMAGHR L E apso T E apso-os BRI, FTEAGH TN 25 S Tl I A
S SR N, ORI R R S 2R R SRR BOR , SEIE Y R IKRE B, BHS T 4 B A AR
FHEG R, SEEER TR 48 W05 R RHE FE R TR ] B . 1153 N, 25 CPU GPU S5
P TEAL BRI AR 2 ) B A PERE TR AR , S WA T3 G4 TH B BB, SR A 1 45 1Y
P AUBERE S BGR . BRSO RN T TR BE 5 2 S S B A A 25 ], R WA BB (R A A T 8, T
F TSRO B MR SRR 5
3.3 HRERIE

Y UERGEE YOLOVT In 53075 6 5% 24 4% (%) 6 I M B8, 8 5% Shuffle-CCFM 2544 C2PSA-iIRMB #E3t |
C3k2-WTConv i F1 DySample FHe Xt YOLOv In 2 A ek #e R, DL YOLOv] In B3k Sy B a0k FF
5 AR RS A R AR 1 s,

&1 HBREER

HEE T Shuffle-CCFM  C2PSA<RMB  C3k2-WTConv  DySample  Eonpso/% Epapso-ss’% R/%  Np/10°  Ni/10°  T/MB

x x x x 94.3 68.3 90.1  2.18 6.3 5.2
vV x x x 94.0 66.7 88.6 1.73 4.8 3.7
YOLOvl1n vV Y% x x 95.0 68. 1 90.5 1.75 4.9 3.7
Vv v VvV x 94. 8 70. 0 90.7  1.58 4.7 3.5
2 v VvV Vv 95.8 70.9 9.5 1.58 4.8 3.5

T+ VO TE LRI PR RS H BRI, >l 7E SERIFE I TP AR HZ S5 e o

3% 1 a] 0 A% T YOLOvIIn 53:, 5] A Shuffle-CCFM 2544 5, N, N, . T 53 5108/ 20. 6% .23. 8% .



5% 6 M, %5 T Bk YOLOVI In (%8 H A R 24 4 PR GR  5 k 101
28. 8% ARV EALRCR IR H E, ypso JE apsoos 1R T BL/INIEBEW/N, KBAGI A Shuffle-CCFM Z514)
J& i N A R R T S R s ] B B R R IR BE T, JU A 5 RUBE Rl 0 30 AT e 2%
FRoT AN A5 B 4k 2k 5] A C2PSA-IRMB 3L f5, N, Ny Fe5| A Shuffle-CCFM Z5 4 {38 K 1. 2% 2. 1%,
E apso vEspso-os AR W SEEE 435425 1. 1% 2. 1% 2. 1% , & W8] 5 5% 2 1 38 00 L9 AR 4 B 8 44 it
FRIEAS BRI, BE R A O 38 A 448 401 5 KB 28 25 (B G5 8 4k 2k 5] A C3k2-WTConv 53R
J& Ny N, . T B A Shuffle-CCFM £544 .C2PSA-iRMB #id 23 51Uk /N 9. 7% 4. 1% .5. 4% ,E, pso-0s <R 535
P21 2. 8% 0. 2% , E, \pso [LFFAR 0. 2% , F W/ N A5 BB HGE o 30 32 3 1Y) 22 RUBE 53 B A 30003 B AN [R) RUBE 1Y
SLHERRAE R IR 5 2 RO AR AR R M FNZ AL RE T, TPAE AR E apsoos PR 3R 5 4R E25| A
DySample £ 5, N, T AR FEAAE N, 5] A Shuffle-CCFM 4544 . C2PSA-iRMB #iHt  C3k2-WTConv 5%t
K 2. 1% E \pso E rpso-os 535S 1. 1% (1. 3% , R ALFFAR 0. 2% , R WSS b oRAE Rl i 38 W R A 3
9 FEEREAE A AT YR, R URAS RS B W 0 5, R TR AR o B B XS R AR R A, B 43 i 2
ROXT LU BE A N 2 B AR ], T 350A [l Semg e . 5 AR MESL YOLOvIn A EE, 5] A Shuffle-CCFM 4
4 ,C2PSA-iRMB &1k  C3k2-WTConv #it fil DySample #HJ5 A9 2CIE YOLOv In BEEHY N, (N, T 4351k
/N27.5% 23. 8% 32. 7% , A AR S s E ypso Eapsoos A1 R 5353 1. 6% 3. 8% ,0. 4% , 5.3k
A A R Y R e
3.4 tbbikEE

Sy it — 2 RIECH FE BY YOLOV T In B35S 705 318 i M7 SR S4B A0 A 3 S Sk i e AR RO, SR AR [k
BT AR B B AR AR X B AT 2 A Y YOLOvSn [ YOLOv6n ,YOLOv8n ,YOLOv10n %542 5 {L 3745 53
AT R 4% FRUGAS IR , %o L e 45 A an 3k 2 IR o

%2 FREETHRREERRN AT ER

Bk E apso/ % E\spso-0s/ % R/% Np/10° N/10° T/MB
YOLOv5n 90. 3 60. 8 88.5 2.18 5.8 4.7
YOLOv6n 93.6 68.7 89.5 4.16 11.5 8.6
YOLOv8n 93.9 66. 4 91.0 2.68 6.8 5.7
YOLOv10n 88.8 62.3 84.2 2.69 8.2 5.8
i3 YOLOvI In 95.8 70.9 90.5 1.58 4.8 3.5

FH 2 2 AT BCHE YOLOVI In B3: M B, yps0 o YOLOVSn YOLOv6n  YOLOv8n , YOLOv1On #3543 il
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Lightweight bridge crack image detection algorithm based on
improved YOLOvI1n

SUN Wei', LIU Wenjiang”"

1. School of Rail Transportation, Shandong Jiaotong University, Jinan 250357, China;
2. School of Aeronautics, Shandong Jiaotong University, Jinan 250357, China

Abstract: To address the problems of low accuracy in current bridge crack image detection and large algorithm
scale that is inconvenient for deployment on resource-constrained edge devices, a lightweight bridge crack image
detection algorithm based on improved YOLOvlln (you only look once version 11 nano) is proposed. By
integrating the ShuffleNetV2 module with CCFM ( cross-scale fusion module ), a Shuffle-CCFM structure is
constructed to enhance multi-scale feature fusion capability while reducing algorithm parameters. The iRMB
(inverted residual mobile block with attention) is introduced into the C2PSA ( cross-channel partial spatial
attention) module to form the C2PSA-iRMB module, which improves the algorithm’s recognition capability for
complex crack details and enhances the correlation modeling capability of spatially distant features within the
same crack structure region. WTConv (wavelet transform convolution) is integrated into the C3k2 module to
form the C3k2-WTConv module, improving the model’ s feature extraction capability at different scales.
DySample is adopted to replace the traditional upsampling module, adaptively adjusting sampling positions
according to feature map content to enhance spatial resolution and detail restoration capability during the
upsampling stage. Ablation experiments, comparative experiments, and visualization detection effect
experiments are conducted to evaluate the detection performance of the improved YOLOv11n algorithm. The
experimental results show that; compared with the YOLOvI1n algorithm, after introducing the Shuffle-CCFM
structure, C2PSA-iRMB module, C3k2-WTConv module, and DySample module, the improved YOLOvlln
algorithm’s params N, computation cost N;, and weight file size T are reduced by 27.5%, 23.8%, and
32.7% , respectively, while mean average precision at intersection over union threshold of 50 E | ,.5,, mean
average precision at intersection over union threshold from 50 to 95 E ;5005 , and recall R increase by 1. 6%,
3.8%,0.4% respectively, demonstrating significant improvements in algorithm lightweighting and detection
accuracy. The improved YOLOv11n algorithm’s detection accuracy and performance indicators for bridge crack
images are significantly superior to lightweight algorithms such as YOLOvS5n, YOLOv6n, YOLOv8n, and
YOLOv10n, making it suitable for deployment on edge devices with limited computational resources. The
improved YOLOvI1n algorithm demonstrates higher confidence in detection result precision in bridge crack
visualization detection experiments, exhibits stronger capability in capturing details of minute-sized and
morphologically complex cracks, and possesses stronger anti-interference capability in complex backgrounds.
Keywords: bridge crack image detection; YOLOv11n; ShuffleNetV2; CCFM; iRMB; WTConv; DySample
(PTG 30 3CHR)



