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Lightweight Road Crack Detection Algorithm
Based on Improved YOLOv8n

Yang Ye"?, Xu Pei’, Xu Feng’

(1. The Key Laboratory of Road and Traffic Engineering, Ministry of Education, Tongji University, Shanghai 201804, China;
2. China Merchants Chongging Communications Technology Research & Design Institute Co., LTD., Chongqing 400067, China)

Abstract: To address the limitations in detection accuracy and inference speed in current road crack detection
models, this paper proposes a novel YOLOv8-Crack network model. Based on YOLOvV8n, this model incorpo-
rates multiple key structural optimizations, including the introduction of the NWD loss function to reduce depen-
dency on aspect ratios of bounding boxes, thus improving detection capability for irregularly shaped cracks. The
Slimneck lightweight structure is used to significantly reduce the number of parameters and computational com-
plexity of the model, and accelerate the inference speed. The model also integrates a CA module to enhance the
capture of critical feature information. Experimental results on the open-source dataset RDD2022 demonstrate
that the YOLOvV8-Crack model achieves improvements over the original YOLOv8n, with precision, recall, and
mean average precision increased by 1.8%, 3.7%, and 2.6%; respectively, while parameters and computation are
reduced by 6.7% and 11.0%.
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Tab.1 Results of comparison experiments
LAY KRG %  AER% P PR %  IHREZRE(x107)  BISHCE/(x10°%)
SSD 91.6 89.9 90.7 94.3 62.7 23.8
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YOLOVS5 91.9 84.8 88.2 91.9 7.1 2.5
YOLOV6 79.0 72.6 75.7 78.2 11.8 4.2
YOLOv8n 94.9 88.3 91.5 93.8 8.2 3.0
YOLOV9s 92.2 88.3 90.2 94.2 27.6 7.3
YOLOv10n 94.3 89.9 92 95.7 6.5 2.3
YOLOv8-Crack 96.7 92.0 943 96.4 7.3 2.8
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Fig.7 Change in evaluation index in comparison experiments

IR . 5SRO E , YOLOVS-Crack
AFAEE T Al S 75 ) 2 | AR A IR 88 S 2 Ak T
A ek
3.3 HEZIAH

9T BAIE Y OLOVS-Crack 6 ¥ 2% 4 5 A 45
JE 4 YOLOVSn [ 45 114 24 R0 | I PF AT 25 - B e
() DTk , A AIF 5T 5 8 21 T Al S 5 R T ISR Y
3P T e A R . T R SIS v SR R 4 5
TSN WA I 1 o 28 M R X L 45 S an 3 2 Jr
N, Hh @ KRR Z M, O KRR AR LR
o AN A RERL ABCRIFR G| A CA RN
BUH S (BABETRY ) | A6r AS B2 BT 28 95.5% , - 240 KG B
&+ & 94.3% , 1M A Bl Z WK T B 2 88.1% ,
GFLOPs 5 25U AR 548 s B A BT ) 451 % bR 5k
MCHE S NWD J5 (C L) | RS B ifE— 2P 4 7 &
96.6% , 1 M R FF A (88.3% ) , FHHE R [T+ =
94.8% ; 7E A 7 5] A Slimneck A& B (D 50 )
WA T 38 5 4% 8, GFLOPs [£ & 7.3%10°, 2 4 i
/N EE 2.8%10° 5 2 A BEAY [R] R F CA 5 NWD

PR AR AR SR (B B ) B, 45 T34 A Lo fiff FH B — ke
R I SO A 5 2 ABEAY[F] AR CA 5 Slim-
neck 9 Ffr e 2 S ek BF (F AR ) | B TRORS B 53143042
FRPERRN T — Ty 5 24 A BRI [R] ISR I NWD 5
Slimneck P i Be 1 SR (G ALY ) ), 4% T 46 b HE il
FH A — S SR M B A5CR A o IR 2, 3 AR ] B
SIARF (R ) A5 A6 A B2 35 5 96.7% , 44 1] %
992.0% , V- Y4k FE K 96.4% , GFLOPs Fl & 5t 4y
BIR 7.3%10°F1 2.8 % 10°4> , 35 Bl 5 o M BE AR 1Y
VA, 2k TR, JEIR R ] A CA R I HLHI
L BB 2% BRI NWD 34 i) — E R RE | 4 T
RURS B, 1M Slimneck 9 I A (A5 U 7E PR s G
P8 [ B SHfe st A
34 KiNERATRLS

T B3F YOLOV8-Crack 1 52 bR A6 4 g , %
DAk 5 A RN 4G 455 7 (Y OLOv8n) #ff88 FH AH ]
(A B4R AT AT RIRAL 20 AT, R 45 2R an 181 8 7, DA
F ] LA ) YOLOVS-Crack 75 24 4% 46 Ao ks 15 A1
o Y0 _EERAE T YOLOV8n, TE& % J7 1 , YO-



124 R S K ¥R 20254
R2 HELWHER
Tab.2 Results of ablation experiments
%% CA  NWD Slimneck MiKGEEE/% A% TR %  HHREZRE/(x10°) BASHE/(x10°4)
A O O O 94.9 88.3 93.8 8.2 3.0
B [ O O 95.5 88.1 94.3 8.2 3.0
C O [ O 96.6 88.3 94.8 8.2 3.0
D O O [ 94.8 86.2 93.8 7.3 2.8
E [ [ O 96.0 90.1 94.5 8.2 3.0
F [ O ([ 95.3 89.3 94.5 7.3 2.8
G @) [ [ 95.5 90.9 95.2 7.3 2.8
H [ [ [ 96.7 92.0 96.4 7.3 2.8
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Fig. 8 Comparison of detection results visualization
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