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Abstract:

adaptability of intelligent vehicles to application scenarios

In order to improve the driving safety and

under extreme conditions such as high speed and large
lateral slipping state, the technology of tire-road peak
adhesion coefficient (TRPAC) estimation (hereinafter
referred to as road estimation) has aroused more and
more attention in the field of active safety control. A road
estimation method based on lidar is proposed. Based on
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theory of maximum likelihood, laser intensity distribution
model parameters of several typical kinds of structured
road surfaces are solved, based on which, the database of
typical road surfaces is established. By using Kullback-
Leibler Divergence (KLD) to represent the similarity of
intensity distributions, road surfaces can be classified
according to the established database, and the estimated
value of TRPAC can then be mapped. The experiment
results show that the proposed method can estimate
TRPAC with an accuracy of more than 90%, that the
sudden change of road condition can be sensitively
detected, and that the proposed method has robustness to
different illumination conditions in the day and at night.
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Fig.1 Laser intensity distribution of road surfaces

under different illumination conditions
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Tab.1 KLD value of laser intensity distribution of road surfaces under different illumination conditions
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Fig.4 Estimation results under long-term operating conditions

*2 KESTIATREEGITERZE

Tab.2 Road estimation accuracy under long-term
operating condition
T — e —
TWiE FiREE+ BIE MIHEE+
EBN 98. 28 98. 34 96. 35 94. 35
B 96.91 95. 35 98.01 92.69

A ="t s 100% (13)

n
ULV TR — PR AL 4R A B T A
795 AT DAAE BRI [ A AR A5 H Al B9 A 4
R MEFRFREIAR 9026 DL L.
/R B AR B R T Bk A A R AR
AU T FITR I - i 10 22 [, JH D PR 2 3K A R A Jo



146 6] 5% K 2 2 (A 4K BE 2 B 55 49

(O TIOULZE R R A7 A — 5 BARMULE , SO S S 5t

. N N N N N =) izg . ' I ' : : S 4
E 1 ST AT H BB , AT A 5 O T 3 0 %09 1 ot
IRPEA e, HeAh, R RIS [F] I B 45 2 Tl 2071 ]
X o e e g . . . . .
Fof B TR A R A 2R B v ELAR R 43 I i 0.5 0 : 5 5 . s p
T AN R ERE S5 1 1 S R et INF 181/
BT 272 T R 5 R Q0 PR 5 s #08 | it
=07r
£06 L/
_______ =05 : s
et 0 1 2 3 4 5 6
- = FREE 1) /s
mp——-. 1 d TR SRR BT
« 1.0 =
3 4 s 6 o L
I 18] /s ,:7? 05 WE
s - = SRR
= 1.1 " *"‘ﬁ E - o o e
. FUSE 5
N 1.0 R
ool A it fi 0 I 2 3 4 5 6
E os | B 1] /s
g
=07 : : : : : =1 - ' ' ' -
0 1 2 3 4 5 6 W 1.0 FUSA
I 16 /s 52 0.9 hiHE
=08 | 1
a T BT IR LB 207t
=06 : : : : :
s 10 =" — 0 1 2 3 4 5 6
RN S
f—:'i os - - 'f?ﬁé?iij: i 1] /s
2 W e TR ERRIIT BT
= S = = iR
8 il 5 1.0 .
0 1 2 3 4 5 6 = T n
I i) = - =Rk
; R0 Wi
o 11 : : : ; , g ~ —— X LR, -
h (1)'8 I [] o 0 12 3 4 5 6
% 0:8 [ okl i 1) /s
@ . . . . . 1.1
0.7 &=
0 1 2 3 4 5 6 we 1O
il s oSl / ’ N
e i
b I B g 07 R
s 1.0 — 0 1 2 3 4 5 6
£ 4 Fi i il /s
= - = PR . .
205 . R RS U B
B L - = R
I 18] /s Fig.5 Estimation results under sudden change of
= 1.0 : road conditions
sl | AT LA i, 45 A A D A A B T 5
= v ] N 2 oy N w
b 8'2 .\ AT T Y REA A T (A R R A s
e S e N -
S0s, : . . TE T A GBI Al 25 R TR R AU N, )
B 5] /s NEEFEZ90. 2 s, AN[a] T30 A A9 X A AT fig 23 R ok 58

¢ MR SNLIREE L T A28 A S TR SS9 568 P2 A PR AR BE AN [ i A5 gz



% S1 1

BRI , 45 36 THOB R S5 B IR 1R BV IR T A 7 1 147

g TERSHIZEHTIS 2 3 s Z N, BTN T 045 2R
PR Y, OB B SR T B W 1T 2
6] F S BRER PR, e M 1 A3t 30k T LURSE A
(5  1A 149 B 58k BE R ME R o BEA T 1

4 H5iE

ARSCHE T — PP 2R T 06 2k 04 8% A 7
5o MR ABLSR A4 REARAL Tt 25 M A T o W2
TR T AR VO B T8 S o B 3 A A R S8, A KIL
BIURE AT A H KRR AN [ ' B 2 06 e 1 B A
IR JEE 313 B2 M o T S T S TR R TR AT L 22, I
I e v A ST 6 o N S B i ]
FERLE F) i v il 7 325 , )P KL BRURE AR S i J
O BIARALLEE | IR H S B o T Y 2 TR i RS 1 e
{ERFE R B THE.

KaAT TLUMUE I 22 T 00 T iitIe i )R 3~
B, F B B 8% 1A 75 0 B A THAERR BE A 31 90 06
PAE X R ARG A ]G B2 AT B e
HLAEAS R A A BRI R AR R . AEARR IS
AR R 25 I T DI IR AR A AL (AN fR A 8
B, FE AR EALR Y R, PR R
T G750k 3 FVE L o

SE WK

(1] B, TWebk, sk . muatst s MRS b s R IRk sh By i

P BB AR LR [T]. HLAR TR 24, 2019, 55(12) : 99.
DOI: 10.3901/JIME.2019.12.099.
WANG Zhenpo, DING Xiaolin, ZHANG Lei. Summary of
key technologies for driving anti-skid control of four-wheel hub
motor driven by electric vehicle [J]. Journal of Mechanical
Engineering, 2019, 55(12) : 99. DOI: 10.3901/JME. 2019.
12.099.

(2] =i, sk, Mo . B A REGRGI T e & IR LA

R[] HUtliE 5 B aifl, 2018(2): 1. DOL: 10.19344/
j.cnki.issn1671-5276.2018.02.001.
YUAN Chaochun, ZHANG Longfei, CHEN Long. Summary
and prospect of development of road coefficient identification
methods [J]. Machine Building and Automation, 2018(2) : 1.
DOI: 10.19344/j.cnki.issn1671-5276.2018.02.001.

(3] Wasal, 24, sk, 4. JET R REE R AT 44 1
T8 NPT BT ST [T]. o R TR 240, 2018, 42(4)
466. DOT: 10.14177/j.cnki.32-1397n.2018.42.04.012.

YANG Xiujian, LI Jinyu, ZHANG Kun, ez al. Vehicular
adaptive cruise control based on road adhesive coefficient

estimation [J]. Journal of Nanjing University of Science and

(5]

(6]

(7]

[10]

[11]

[12]

[13]

Technology, 2018, 42 (4) : 466. DOI: 10.14177/j. cnki. 32-
1397n.2018.42.04.012.

SHAO L, JINC, LEX C, et al. Robust road friction estimation
during vehicle steering[ J]. Vehicle System Dynamics, 2019, 57
(4): 493. DOI: 10.1080/00423114.2018.1475678.

NOLTE M, KISTER N, MAURER M. Assessment of deep
convolutional neural networks for road surface classification
[C]// 2018 2lst International Conference on Intelligent
Transportation Systems (ITSC), Maui Hawaii: IEEE, 2018:
381. DOI: 10.1109/1TSC.2018.8569396.

DUY C, LIU CL, SONG Y, ez al. Rapid estimation of road
friction for anti-skid autonomous driving[ J]. IEEE Transactions
on Intelligent Transportation Systems, 2020, 21(6): 2461. DOI:
10.1109/TITS.2019.2918567.

CHENG L S, ZHANG X, SHEN J. Road surface condition
classification using deep learning [J]. Journal of Visual
Communication and Image Representation, 2019, 24. 205.
DOI: 10.1016/j.jvcir.2019.102638.

SUN L, WANG K W, YANG K L, er al. See clearer at
night: Towards robust night-time semantic segmentation
through day-night image conversion [C]// Proceedings of
SPIE. Strashourg: EPIE, 2019. 11169. https://doi. org/
10.1117/12.2532477.

R, IRACER, R, L B ANE S B0 IR R R AL
i (7). 2235 5830 2 B 2% i, 2017, 19(10) : 85. DOI: 10.
16807/j.cnki.12-1372/€.2017.10.020.

HAN Dongbin, XU Youchun, LI Hua, e al. Reflection
intensity calibration of three-dimensional lidar on unmanned
vehicle [J]. Journal of Military Transportation University,
2017, 19 (10) : 85. DOI: 10.16807/j. cnki. 12-1372/¢. 2017.
10.020.

KASHANI A G, OLSEN M J, PARRISH C E, ez al. A
review of lidar radiometric processing: from ad hoc intensity
correction to rigorous radiometric calibration [J]. Sensors,
2015, 15(11): 28099. DOI: 10.3390/s151128099.

WL, R VRERGE S IE ML 2. JEET AL T AR
#,2017.

YU Fan, LIN Yi. Automotive system dynamics [M]. 2nd ed.
Beijing: Mechanical Industry Press, 2017.

ST A . 3 TR GE T R A A e g R RS R I A 5
[D]. WK RIS K, 2019.

KANG Kenan. Research on vision-based judgement of road
adhesion state for intelligent vehicle [D]. Chongqing:
Chongqing Jiaotong University, 2019.

BER 4, TERKES , SR8, 45 FIZEB LIDAR = B f
T RLT]. 2R, 2021(2) : 64. DOI: 10.13474/j.
cnki.11-2246.2021.0045.

XIE Hongquan, WANG Qiuling, CAI Dongjian, ez al.
Extraction of urban road boundary based on vehicle-mounted
LiDAR point cloud data [J]. Bulletin of Surveying and
Mapping, 2021(2) : 64. DOI: 10.13474/j.cnki. 11-2246.2021.
0045.



