Opto-Electronic Engineering Art|C|e

% ¢ x 4

20194 , 5546 % , 55248

DOI: 10.12086/0ee.2019.180274

%%@%%&Eﬁ?zﬂéﬁ’ﬁ 1
BEHLIAR ZEIR B 75 0E

TR, G417, ERE L2 =

! 230009
2 230009

FCN
il —

TE: AXAEREERA kAL BT QAL Z04F5, %%@%h\gda‘iﬂiﬁﬁ T A A FaERME
W 265 AL 09 £ B85 k. B R A K EHIENI %, AP ZMAAHERTGRA B £8, FAFES &M
FEAGIEIF 2 R F BB E O RRFED LA I T &, R, I\X:b?fﬁaw}&m:i/ FE A S AR I 2 B b 3
%k FHT AL EBRNE R, ZRNSEMEE, RA 13 TR, FAME T = 8k £ BN £%R5
%02 AR ) RO SR T, A T LeakyReLU & B3 BK T — AL A 69 relu KA sigmoid 7% &3k, KA
Nadam 1§ 5 W - 69 At 484517 W & LA AF69- 800, RAEHMAIGE AN En L R E AL RAHE
KT EEREEAR. REALA T MRRIRT B AN P EIIASET 2269 B A, A FCN-16s M &ALR o Z4H ALY
85 L B I T B AT A 356075, FIRER, E@ﬁmﬁ/%%mﬁﬁi&@$ﬂﬁT AR 8 W AL R
LA A B BT F 09 R5 . A B IR TS E R IR, FCN-16s ARA! An S AL F AR #0312 5
£, F KITTI A R EIRIF 4R 04 £,
KA FHEAN; 2ARNERLE, LAY, ME&RL
FE DS TP301.6 XEktRERE: A
SIARN: =t F&, ML, 255 ATAARNEMAE L S8 45875 5k [J]. Le 142, 2019, 46(2):
180274

Lane recognition method based on fully
convolution neural network and
conditional random fields

Ye Zihao'?, Sun Ruil2*, Wang Huihuil2

!School of Computer and Information, Hefei University of Technology, Hefei, Anhui 230009, China;
?Anhui Province Key Laboratory of Industry Safety and Emergency Technology, Hefei, Anhui 230009, China

Abstract: Aiming at the poor adaptability of traditional lane recognition method in complex pavement, this paper
proposes a lane recognition method based on full convolutional neural network and conditional random field, ac-
cording to image segmentation technology. The method can make the neural network model identify the lanes by
training a large amount of data, and then make the segmentation of the lanes' coverage and the lane edges more
perfect through the conditional random field. At the same time, in order to solve the high requirement of real-time
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detection in expressway, a fully convolution neural network is designed in this paper. The network structure is simple
with only 130000 parameters and three improvements are made as follows: BN algorithm is used to improve network
generalization ability and convergence rate; LeakyRelLU activation function is used to replace the commonly used
relu or sigmoid activation function, and using Nadam as the network optimizer makes the network have better ro-
bustness; Conditional random field is used as the back-end processing solution insufficient lane segmentation and
further to increase lane coverage. Finally, in order to solve the problem of complex road environment in urban road
testing, this paper uses the back-end processing of FCN-16s network model and conditional random field to realize
the recognition of complex urban roads. Experiments show that the network model designed in this paper is more
real-time and sulfficient for lane identification in the face of high-speed expressways and simple lanes. In the complex
environment of urban road, FCN-16s model plus conditional random field can identify lane more accurately and get
good results on KITTI road test benchmarks.

Keywords: lane detection; image segmentation; full convolution neural network; condition random field; network
optimization
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Table 1 Comparison of performance of FP indicators among lane line detection methods

Baseline ReNet??”! DenseCRF?"
Normal 83.1 83.3 81.3
Crowded 61.0 60.5 58.8
Night 56.9 56.3 54.2
No line 34.0 34.5 31.9
Shadow 54.7 55.0 56.3
Arrow 74.0 741 71.2
Dazzle light 49.9 48.2 46.2
Curve 61.0 59.9 57.8
Crossroad 2060 2296 2253
Total 63.2 62.9 61.0

180274-8



DOI: 10.12086/0ee.2019.180274

B8 FHELMEETHFERTE

Fig. 8 Lane line labeling under the lane line data set
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Fig. 9 UU_ROAD_000020 detection comparison. (a) FCN-LC; (b) ANN; (c) BM; (d) FCN+CRF
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Fig. 10 Detection comparison of 10 UU_ROAD_000082. (a) FCN-LC; (b) ANN; (c) BM; (d) FCN+CRF
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Table 4 Comparison among algorithms under the UU test set

MaxF/% AP/% PRE/% REC/% FPR/% FNR/% Runtime/s
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FCN+CRF 89.87 82.96 88.93 90.11 4.22 9.04 0.08
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Table 5 Comparison among results of different test sets
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Overview: In recent years, with the rapid development of smart cars, autonomous driving has attracted great attention
from industry and academia. Lane recognition is a fundamental work for achieving automatic driving. Specifically, ac-
curate lane recognition not only allows the vehicle to travel on the correct road but also alerts the control system with
other information such as lane markings, pedestrians and other anomalous events. The traditional lane detection me-
thod generally adopts the steps of preprocessing, edge detection, Hough transform, lane matching, lane segmentation,
etc. These methods interact with each other, and it is difficult to achieve global optimization and real-time optimization
simultaneously. Furthermore, the lane change adaptation is obviously insufficient. Deep neural network is a powerful
visual analysis tool. Compared with the traditional shallow computing structure, its main advantage lies in its
self-learning ability according to input data and its end-to-end unified structure. Aiming at the poor adaptability of tra-
ditional lane recognition method in complex pavement, this paper proposes a lane recognition method based on full
convolutional neural network and conditional random field, according to image segmentation technology. The method
can make the neural network model identify the lanes by training a large amount of data, and then make the segmenta-
tion of the lanes' coverage and the lane edges more perfect through the conditional random field. At the same time, in
order to solve the high requirement of real-time detection in expressway, a fully convolution neural network is designed
in this paper. The network structure is simple with only 130000 parameters and three improvements are made as follows:
BN algorithm is used to improve network generalization Ability and convergence rate; LeakyReLU activation function is
used to replace the commonly used relu or sigmoid activation function, and using Nadam as the network optimizer
makes the network have better robustness. Conditional random field is used as the back-end processing solution insuf-
ficient lane segmentation and further to increase lane coverage. Finally, in order to solve the problem of complex road
environment in urban road testing, this paper uses the back-end processing of FCN-16s network model and conditional
random field to realize the recognition of complex urban roads. Experiments show that the network model designed in
this paper is more real-time and sufficient for lane identification in the face of high-speed expressways and simple lanes.
In the complex environment of urban road, FCN-16s model plus conditional random field can identify lane more accu-
rately and get good result on KITTI road test benchmarks.

Citation: Ye Z H, Sun R, Wang H H. Lane recognition method based on fully convolution neural network and condi-
tional random fields[]]. Opto-Electronic Engineering, 2019, 46(2): 180274
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