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6 Convolutional Neural Networks

7 Attention

8 Convolutional Block Attention Module
 Channel Attention Module

10 Spatial Attention Module
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"' World Health Organization

2 Advanced driver-assistance system
3 Intelligent Transportation System
4 Adaptive cruise control

3 Region of interest
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! Spatial Convolutional Neural Networks
2 Recurrent Feature-Shift Aggregator

V64 CBAMA}-}:J‘})“LAJJJ.L.AQ))»_{..\AL;)LMAJ‘QJLQLA‘LGJB- .19}12:-9,.4.:2-..;5




Journal of D~
APy,
mie N
Machine ~O
Intelligence Research (ABMIR)
© bt ol S e Gledle G S5 O son
Sl as Wl 5L bl ey S 6ln e 251
e g3y Slslos
b 5l ey Gl e p e slea S0,
Lsls 58 508 ot la malyl 5 e powe DUslee |
Al g S5 e S w1y ghmss bt asis
S e fs OLL gars bla lls b oo
oles e Sl bl 5l Glas semme Doy soas Lot 4 pad
st b bnbl glabs [FE] LSTR 1558 ool
B L I T e
o il S sl bl dils gny o i gl
Ans o ol s 1 b (S
Flb s esle s Sk W s xS LB
O3l Aol 3 s tasn 5l S e slagslens
by dialy cpl oo lanils S 5a8 bt jasils glaesid
G Sl o O G oS el 0l b xe [TFO] SADY 0l e
gl a0t Bt jasis claaSs s il
slag Ul sddzl gl ar g galld gy onl o el
et sl sl S5 Gl I Ol pea 4 SGres
ol 5 liies Slelbl JEl b S e 13 o3linls 5o
(Lol I8 5L O 3l al b 5 e dies
3 elal o ol pl ks kayl s s 1) dde 5 Ses
S St 51 (5 S OIS 5 A3 o ) s b has
Slade 48 s o DL 25 gl 35l o bl 3 1 UL 33
S 5 S el 3had L5 e e (a4 eme S
Gl fedamy lafss b oanglie 5o 26, (60 Ses GUL
Lol 6,550 53 placussdew i) ol gl L duss
Sl s e g gaald LS @ el 5 3ol ek Sl
il gla i, Sl Glanalie (V) Jodor ol (53555 gloesl
B Jold oSy p Gl Gl Shy s Lokt el

.M)L;e 45\)‘ WJde ;J"‘?‘:i E) ujh..ﬂtz.a L’J_\)S

4 Focus on local
5 End-to-End
6 Self-Attention Distillation
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! Cross Layer Refinement Network
2 Ultra-Fast Structure Aware Deep Lane Detection
3 Lane detection by conditional convolution
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Abstract

Lane detection is a critical perception task in intelligent vehicle systems,
playing a fundamental role in ensuring safe navigation for autonomous
driving and advanced driver-assistance systems (ADAS). However,
achieving high detection accuracy under challenging conditions—such as
shadows, traffic congestion, and faded lane markings—while maintaining
real-time performance remains a significant challenge. In this study, a
lightweight architecture is proposed to enhance lane detection performance
in complex environments through the integration of innovative strategies.
The core of the proposed framework lies in the targeted incorporation of the
Convolutional Block Attention Module (CBAM) into the intermediate layers
of ResNet, enabling effective refinement of discriminative feature
representations. Furthermore, by leveraging an advanced knowledge
distillation strategy, the model achieves both high detection accuracy and
real-time computational efficiency. Experimental evaluation on the CULane
dataset demonstrates that the proposed method achieves an F1-score of
80.20% with a processing speed of 407 frames per second, representing
improvements of 0.54% in accuracy and 1.79% in speed compared to
CLRKDNet and ECBAM_ASPP, respectively. Furthermore, on the
TuSimple dataset, the proposed model attains an accuracy of 96.96% while
achieving the lowest false-negative rate of 1.57% among the compared
methods. Compared with attention-based approaches such as
ECBAM_ASPP and high-speed architectures such as UFLD, the proposed
method achieves a superior balance between detection accuracy and
computational efficiency, making it more suitable for real-time deployment
in autonomous vehicles.
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