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Rating algorithm for open test road of intelligent connected

vehicle based on random forest

WANG Dong', LI Yu-xuan®, WU Huan”,ZONG Fang’
(1. China Academy of Transportation Science, Beijing 100029, China; 2. Transportation College, Jilin University,
Changchun 130022, China.)

Abstract: To investigate the effectiveness of open roads in the ICV driving safety test, a rating algorithm
for open road in ICV test according to the theory of random forest was proposed. A rating index system for
open testing roads of intelligent connected vehicles was constructed from five aspects: road complexity,
safety assurance, scene diversity, facility comprehensiveness, and scene typicality. Then a random forest
model for the rating of open road is built and calibrated with the data of the existing open roads in ICV test.
The rating algorithm is then applied in rating of open roads in Changchun City, the results of which
demonstrates the feasibility and effectiveness of the model. The results indicate that the proposed intelligent
connected vehicle (ICV) open test road rating algorithm can accurately perform road rating, providing
model support for the selection, planning, and construction of open test roads for ICV.
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Table 1 Summary of independent variables for road rating of intelligent connected vehicle open test
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Table 2 Relevant conditions of test roads in some domestic cities
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Fig. 3 Sketch map of changchun test road scope and signal lamp layout
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Table 4 Facilities of test road in Changchun

¥ E T ST
- 5 R

e Wi i P
2 RATE KR T
3 MM Bk RmER R TEEO
I A KA TEE
5 WA W A SR
6 g R KR YRR
R R ki R

8 WewE AW ABE T
9 BEs Wi Wi RO
0 WK ERRME AR R FFES
1 CE T ISR T SRR RS 38
12 FAE AR AR —

13 REH WEE K6 KRG T
4 EEH WEE KGR KRG TFHC
15 U KRR R KRG TFH
16 el BEE  kER KRR TR
7 EAH afil RmR R RO
18 KRR RBR RAR K8

19 AR R kR —

20 RAEMIMTLEE ki ki —

K 1238 % R OC KO8 X B 1 59 AN HE AR AR N 4
E X, i A E A2 0 25 R RE I V4 T
BUIE BT R BEHLAR AR b, AT 23026, 159 30008 B 45

SRR N R 9.5% . Ry 25.2% L Ry
34.4% Ry:18.2% R;: 12. 7%, &5 R F£M %M
% R R B ME e de K o 3R TR R R A Y I AT
b 7] 45 2 sl B A5 00 4 R IO I ¥R R e A
JIT LA Bt ML 2% R ) S A i 2 45 S R 1% T8 % T AL R,
B VLT A5 2010 88 il 000 306 7 2 3 4 1

(R A T 2 B O DK 7 24 e 0 3 3 (— 1))
FIAT P VA 2 25 ) 45 G T 0 I T B X ) L il
Z A, X 3 B O A8 3 I e B A8 T R i
by A2 3 Rt i 0 52 it R e AL KT (R 5
WA AT AR R AT 4T AR g el
T % B A5 W L Ly S DU R B N B VR 4 TRl R
65 00 1 R DG SR 0k K L AR MR e R —
HUEM T AR AT AT

4 LEWRIE

R SCBE XA B8 I B 7 O A B K A
TERI AL GEFT 23 07 sC AR R G BB L = 4 —
M B TR AN BRI T — B 2 TR HL 2R
MBI o TR0 75 JE A [R] 45 2R RE M BRI
U B BE A L, DI B A B A
5 00 Z2 AR R S B0t 1Y) 4 TR | S T 2 A ) i
A DL e 8 5 0 ) /N A D5 T 81 H B e
T DT G0 R AR AL A )T T P9 22 A A TR Y



% 9 k2

RL,F T AU ARG F AL W BEA F T A 9K 8 TR R 5

3005 -

1M T R DI 2 P BE AL AR MK ol e X
7 TR AE I A4S T s T B ) SR 48 0 A, B
HE T I7 BRI AT R o AS SCHR Y B ARAIE AR B R R
PG BB AR AR R 6T T 155 sl AU Al A T i 3K
IE B F G HA e R 5 8 S, A R TR T RE X
BRI A KIS BRI o AR SO 42 Y A RE 1
R VA T I 1 T B 8 O O vk AR R A O i
AR HEAL S 5, AN E AL 15 5 193 B0 2CiE
B J7 T A 46 AR, 107 EL iR 55 R RE 00 % {7 0 [R]
REJT o EAL, PFH 45 AR A A B E R B T % ULE
AR T e T DU R ST AR U TR £
B u L R AT B IR . A L T AR SRR Z R B
LR MAE Tk BT BEHL AR AR B0 BE IR A
IE BT 905 1 RE B B R M T A T I it
I S

S E Wk

[1] B, BEZ, X8, 5. BRMKFE TFE 52X
P14 300 o F A AR [T]. TG Pl 32 38 R 24 2 4, 2024,
59(5): 1148-1157.

Yang Tao, Ma Yu-qin, Liu Meng, et al. Vehicle tra-
jectory reconstruction model of signalized intersection

Journal of
Southwest Jiaotong University, 2024, 59(5): 1148~
1157.

[2] ¥, X0, ERE, & B T HI0AR M e M
I 23R 45 5 18 il L3 AR [T]. Y R S8 R 2 A
2021, 56(6): 1135-1142.

Jiang Yang-sheng, Liu Meng, Wang Si—chen, et al.

in connected automated environments[J].

Trajectory reconstruction for traffic flow mixed with
connected automated vehicles based on car—following
characteristics[J]. Journal of Southwest Jiaotong Uni-
versity, 2021, 56(6): 1135-1142.

[3] Z=esh, MR, FRAERI, 45 . T w8 Ak I A2 5l &
R B AL A B 5 [T]. A B AR, 2019,
32(6): 137-146.

Li Xiao—chi, Zhao Xiang—-mo, Xu Zhi-gang, et al.
Modular flexible test bed for intelligent and connected
transportation system[J].

and Transport, 2019, 32(6): 137-146.

China Journal of Highway

[ 4] Connected automated driving roadmap [R]. Brussels:
European Road Transport Research Advisory Coun-
cil, 2019.

[5] MR, AlE, ZBALaE. SN RE I IR A JLE
A BUR AN A R I T [T]. P A, 2018(12):
28-33.

[10]

He Fu-jian, Shi Juan, Qin Kong-jian. Research on
the current situation and future development of domes-
tic and foreign intelligent and connected vehicle public
road testing[J]. China Auto, 2018(12): 28-33.
TREBE, BRiede, 427%, . BN eI 4 0E
IR XT FEAFFE[T]. 34 30, 2020(2): 29-36.

Yu Sheng-bo, Chen Gui-hua, Li Qiao, et al. Com-
parative research on intelligent and connected vehicle
road tests at home and abroad[J]. Automotive Di-
gest, 2020(2): 29-36.

et B 32 Bk A 0 i BOE B R GRUATIR].
AU AR G % B 2y, 2018,

SRR, THARE, Bl . AT R R I VR 4 T
Bl SRR 5 iR ] R LR B AR
2%, 2023(4): 105-114.

Zong Chen-hong, Ma Jian-xiao, Lu Tao. Reliability
evaluation method of closed test fields for intelligent
connected vehicles[J]. Journal of Chongqing Univer-
sity of Technology (Natural Science), 2023(4): 105~
114.

ARG, X ar, AR, S5 RE I VR A T
A B 2 S oy SRR IELT]. Sl TAR , 2019(5): 74-78.
Li Xiao—qing, Liu Qi, Li Bing-lin, et al. Research
on selection and classification of intelligent connected
vehicle public testing roads[J]. Journal of Transporta-
tion Engineering, 2019(5): 74-78.

T . AR A S WK e K S PR P e (D]
R HRE R TR, 2018.

Huang Li. Study on the field test and evaluation meth-
ods of partial automated vehicles[D]. Chongging: Col-
lege of Vehicle Engineering, Chongqing University,
2018.

JBg i AE IR 4 T N 103 B 52 2 A TN
WF5EID]. BAR: PO 4R 58 il 2 B , 2022,

Teng Jin—run. Research on traffic safety evaluation of
open test roads for intelligent connected vehicles[D].
Chengdu: College of Transportation , Xihua Univer-
sity, 2022.

Avery D J. System and method for testing the integ-
rity of a vehicle testing/ diagnostic system[P]. United
States Patent: 20110185115, 2011-07-28.

Daniel L. Research of the stopping distance for differ-
ent road conditions[J]. Transport Problems, 2011,
6(4): 119-126.

RS, E3CA, AT, AF L R RERBR LA B S S g
DIREMAo Hr (7], WHAQICA, 2021 (23): 38-40, 46.
Ma Ya-fang, Wang Wen-jie, Gu Ke, et al. Test and

analysis of autonomous driving function of intelligent



3006 THRXRFFROD FR) % 55 %
and connected vehicles[J]. Auto Time, 2021 (23): 38~ (217 b TiT H 8h 25 5 424938 B BE 1 PR A N B 5 Ok
40, 46. (EADR]L de:- bt hi & s Al fg B AL % B4,

[15] Breiman L. Random forests[J]. Netherlands: Ma- 2019.
chine Learning, 2001, 45(1): 5-32. [22] bt A 22 5l 42 400 1 BOH B 25k GAAT)IR]. b

[16] Strobl C, Boulesteix A L, Kneib T, et al. Condi- Tdb T s Z& i 4y, 2019.
tional variable importance for random forests[J]. Eng- (23] &M, WA 2 . 55 B8 IV 42 T 0 X 16 B 2 U F
land: BMC Bioinformatics, 2008, 9(1): 1-11. FEIT]. BT IEM 5B, 2021(1): 24-28, 48.

[17] Reif D M, Motsinger A A, McKinney B A, et al. Cai Yue, Pan Yi-hong. Study on open test road con-
Feature selection using a random forests classifier for struction of intelligent connected vehicle[J]. Urban
the integrated analysis of multiple data types[C]//Pro- Roads Bridges &. Flood Control, 2021(1): 24-28,48.
ceedings of the 2006 IEEE Symposium on Computa- [24] %255, 275 3C. F AR MBI 4 I TN R R A5 [T,
tional Intelligence in Bioinformatics and Computa- EVR 4, 2018(10): 27-33.
tional Biology, Toronto, Canada, 2006: 171-178. Cai Yong, Li Xiu-wen. Research on test and assess-

[18] Mohammed K, Sounak C, Mihail P. Predicting dis- ment system of intelligent &. connected vehicle (ICV)
ease risks from highly imbalanced data using random [J]. China Auto, 2018(10): 27-33.
forest[J]. England: BMC Medical Informatics and De- [25] sksr . A8 K2 & R4 iy &8 iz (J]. 7
cision Making, 2011, 11(7): 51-58. KEEAR: AL SR, 2018, 17(4): 50-56.

[19] Verikas A, Gelzinis A, Bacauskiene M. Mining data Zhang Li-jian. A new interpretation of people’s pur-
with random forests: a survey and results of new suit of utility maximization[J]. Journal of Guangzhou
tests[J]. England: Pattern Recognition, 2011, 44(2): University (Social Science Edition), 2018, 17(4): 50~
330-349. 56.

[20] & B I 106 B K R G0 4 G S5 R AR (RE SR DL [26] K 7w % fie B VA 42 I ik DU 4k 3 3% (— 89 Wl 47 PR 3T

FOR]L JEA0: HE A2 A TR R &,
2019.

flifhe 5 (R]. K&: KEMTRUGEEHEARBMARA
"), 2018.



