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Abstract: This paper addresses energy-efficient driving

strategies for autonomous connected vehicles on
ecological roads under mixed traffic flow conditions. A
wildlife passage scenario, which significantly impacts
energy-saving driving, is extracted, and an application
framework for wildlife passages within the Internet of

Vehicles (IoV) is developed. A driving model for vehicles

Wik H 1. 2023-10-21

HAWH . FRTRREE AR B 25305 H (22DZ1208505 ., 19DZ1204200 ., 20DZ1202900)
AR BN, O AR R, T A BT Oy 10 sl ] S 2 4

E-mail : zengxq@tongji. edu. cn

SAFVER . THRGE, TARIW, TAAR L, E BT )5 10 8 TAR H A&, E-mail : fdlgzkm2007@126. com

on ecological roads under the IoV environment is also
constructed,  utilizing dynamic programming for
discretized analysis and state division. An energy-efficient
driving model for vehicles within mixed traffic flow is
optimized and established. The Q-learning algorithm is
applied to optimize and solve the energy-saving driving
model for a single vehicle. Based on the ecological roads
in Shanghai, a simulation scenario considering the risk of
wildlife crossing is created to validate the energy-saving
driving strategies in the IoV environment. The results
show that the proposed energy-saving strategy can reduce
vehicle fuel consumption by 6 % to 11 %. Additionally, the
energy-saving effect improves with increasing traffic
density of vehicles, verifying both the reasonableness of

the model and the effectiveness of the algorithm.

Key words: traffic engineering; ecological roads; Internet

of Vehicles; energy-saving driving; reinforcement learning
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Fig. 1 Application framework of ecological road IoV driving
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Fig. 5 Results of minimum fuel consumption under different driving environments in Scenario 1
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Tab. 2 Simulation results in Scenario 1
CAV LR/ %
0 20 40 60 80 100
W/ (peus s WEEE/ R hEEE/ & WdERE/ & EER/ A iR/ A WhiEEER/ X
km ™) ml R/ % mlL  H#/% mL /% mL R/ % ml R/ % mlL  H#/%
0 & 107.94  4.83  107.94 4.83 107.94 4.83 107.94 4.83 107.94 4.83 107.94  4.83
A 107.18 5.5 107.18 5.5 107.18 5.5 107.18 5.5 107.18 5.5 107.18 5.5
5 SR 119.27  5.05 117.68 5.5  116.67 5.31 114.93 543 113.74 507 112.65 4.82
A 118.54  5.64  117.72  5.47 116.45 5.49 115.28 5.14 113.87 4.96 112.45 4.99
10 S 128.67  6.72  126.17  6.01 124.21 6.15 121.65 6.34 120.53 5.53 119.83 4.66
A 127.21  7.78 12549 6.52 124.05 6.27 121.83 6.2  120.71 5.38 119.03 5.3
5 SR 135.56  9.13  134.26 8.87 131.48 9.18 128.92 8.06 127.35 6.94 125.67 6.43
A 135.95  8.87 133.37 9.48 130.76 9.68 128.07 8.67 126.74 7.38 125.17 6.8l
20 S 146.45  8.72  143.66 8.43  140.23 8.52 135.41 9.64 134.16 7.64 132.82 6.81
A 145.39  9.38 142,74 9.02  139.45 9.03 136.24 9.08 134.59 7.35 132.15 7.28
o5 SR 152.15 11 148.91 10.2  146.04 10.21 143.37 9.53 141.59 9.01 140.17 7.98
A 152.67  10.7  148.29 10.58 145.37 10.62 143.21 9.63 141.73 8.92 140.83 7.54
S 159.36  11.16  155.67 11.81 152.26 11.85 149.21 11.31 146.04 11.68 143.57 11.63
30
A 158.02 119  154.82 12.28 152.07 11.96 148.08 11.98 145.31 12.12 142.97 11.99
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Fig. 6 Results of minimum fuel consumption under different driving environments in Scenario 2
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Tab. 3 Simulation results in Scenario 2
CAV LR/ %
0 20 40 60 80 100
KW HEE/ (peus —_ WAER/ sk WRER/ AL WhRERY/ 2 kR &L WRER/ 2 kR &
km ™) ml  ®/% mL /Y% mL  H/% mL B/ % mL  H/% mL /Y%
0 YIHE 125.69  6.04  125.69  6.04 125.69 6.04 125.69 6.04 125.69 6.04 125.69  6.04
A 123.97  7.32  123.97  7.32  123.97 7.32  123.97 7.32 123.97 7.32 123.97 7.32
5 SRR 136.72  8.24  134.56  8.08 133.23 7.78 131.7 7.72 130.56 7.19 128.82 6.97
AL 136.9 811  134.08  8.41 133.45 7.63 132.3 7.3 130.26 7.4 128.24 7.39
1o IR 147.09  8.61  144.09  8.32 142.21 8.67 140.44 7.61 139.79 6.75 137.83  6.12
A 146.26 9.13  143.59  8.65 141.29 9.26  139.97 7.92 139.42 6.99 136.12 7.27
15 SR 156.01  10.26  152.13  10.47 149.82 10.79 147.61 8.9  144.14 9.78 142.07 8.35
ASC 155.78 104 151.7  10.72  148.61 11.51 146.42 9.63 143.21 10.35 142.05 8.36
20 YIHE 166.33  7.94  162.41  8.58  158.1  9.75 153.97 10.44 150.69 10.79 148.91 9.7
A 165.16  8.59 161.45 9.12  157.06 10.34 153.82 10.53 151.02 10.59 148.06 10.21
- SR 172.06  10.65 168.57 11.64 164.76 10.95 162.37 10.32 159.33 9.4  156.01 9.3
ASC 171.74 0 10.81  168.05 11.91 164.24 11.23 161.54 10.78 158.87 9.66 156.55  8.98
30 YRR 177.28  11.4  174.97 11.12 170.39 11.86 168.86 10.49 164.35 11.83 162.78 11.63
A 175.16  12.46  174.52  11.34  169.54 12.29 167.78 11.06 164.57 11.71 162.62 11.72
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Fig. 7 Speed of model solution

5 2 BE XN SE A B B R R SR A e 0, X E A
BRI PREE CIRES BRI T T Q-
learning 5 Ak 2 2] SEVE I FEARMELL . IF5 | A T2 T

50 I, B SR TV R R

160} - AR M e (4) MR- TEp T A A BT P L T
2 1‘2*8 _______ JEST B R i AR SR (5 ELAIE . AR I
= 100t Yl FUAS SR AT AS SO 1 RS £ 4K P 3R
= gg == BE N RENSME AR S TA RS E AT A FRERTE6 Yo~11 %
Lo Z I8, JF HLT RERCR e Rt 5 TR A 4 A B A 3 o i 5
20 ! . ! | ! oo WERA T AR SCREERINT TR 4T RE S B LA RCR It
0 400 800 1200 1600 20002200  HAEA[EIFEEE ARSI AT Th A RE R AEVE R, A AT
L s ST , % T2 A 1 1 RE 2 5 A —
E8 itz S 2R R AT S TS
Fig. 8 Cumulative fuel consumption B N B ET &, fReA B T e 24 ) i

. R A A 253 2 g 22 4> 5 R AR HE I n) A

4 Z5ig

(DASCIARG T AR B 5t 48 O AR A5 TE
i LN IR/ BERENPI &/ Y DI KBS SN LR 7 N
ey sl W 5 A U BOR S55 BT R B8, T
T ARG B f5 B A2 T7 30, JFM A T 2Rk )
TEAE AT 1Y RE 2 B FHEZE 5

{EE STk A -
W/ING BT T SN E BB ISR G B
KRB A, Sk B SUEIT
BIF Ty SR BL, BT I SUEIT .
T2EH AESCHIE ST .
ORGP R PR 1RSI



1918

6] 5% K 2 2 (A 4K BE 2 B

%52 %

Sk

[1]

[9]

[10]

[11]

ANDERSON ] L.

engineering: Development, testing and implementation of the

Measuring  sustainability in  civil
Green roads rating system [M]. Washington: University of
Washington, 2012.

MU, IR, o, S T E AR E SRRy
BEAIAT LT ). [RIGE R4l (A SRR , 2020, 50(1): 1.
ZENG Xiaoqing, LIN Haixiang, FANG Yungen, ez al. Safety
target assignment analysis method based on complexity
algorithm [J]. Journal of Tongji University (Natural Science) ,
2020, 50(1): 1.
PR RS
%, 2021.

HE Junxiang. Study on comprehensive evaluation index system

TR IA RIS (D], i [WHER

of ecological road[ D ]. Shanghai: Tongji University, 2021.
MRTKA J, BORKOVCOVA M. Estimated mortality of
mammals and the costs associated with animal—vehicle
the Czech Republic [J].
Transportation Research Part D: Transport and Environment,
2013, 18: 51.

VIANI F, POLO A,
of a smart road management system for the wireless detection of
wildlife road-crossing [C]// 2016 IEEE International Smart
Cities Conference (ISC2). Trento: IEEE, 2016: 1-6.
CAPRAZ A G, OZEL P, SEVKLI M,
consumption models applied to automobiles using real-time

[J].

collisions  on roads in the

GIAROLA E. Performance assessment

et al. Fuel
data: Procedia
Computer Science, 2016, 83: 774.

GASPAR P, NEMETH B. Design of adaptive cruise control
for road vehicles using topographic and traffic information [J].
TFAC Proceedings Volumes, 2014, 47(3): 4184.

QI X, LUO Y, WU G, et al. Deep reinforcement learning

enabled self-learning control for energy efficient driving [J].

A comparison of statistical models

Transportation Research Part C: Emerging Technologies,

2019, 99: 67.

/J\‘Zﬁ, B, BiPH, 4F . 35T DEMATEL-ISM AU i 2
T8 234 VP A 98 B 0 R (7], 3 AR S Bk, 2022,

10: 187.

ZENG Xiaoging, HE Junxiang, LU Yang, ez al. Screening of

comprehensive evaluation indexes of ecological road based on

DEMATEL-ISM model [J]. Urban Roads Bridges &. Flood

Control, 2022, 10: 187.

IGONDOVA E, PAVLICKOVA K, MAJZLAN O. The

ecological impact assessment of a proposed road development

(the Slovak approach) [J]. Environmental Impact Assessment

Review, 2016, 59: 43.

AR . AN BB B A S IR I BT AE (D ). 5% vt

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

K, 2011

HOU Xiang. Study on wildlife protection measures in highway
construction[ D]. Xian: Northwest University, 2011.

AHN K, RAKHA H, TRANI A. Estimating vehicle fuel
consumption and emissions based on instantaneous speed and
acceleration levels [J]. Journal of Transportation Engineering,
2002, 128(2): 182.

TN . B R IS B PR i = I AL
Kb iRk, 2019.

YANG Qiaoli. Research on three-lane traffic flow model for
Changsha:

WIS [D ).

intelligent connected driving environment [D].
Hunan University, 2019.
Iy, R L LT R A 2 g A T o B[ C1// 2016

PEVR A TRV SESR S Bhk: MRS TS,
2016: 1996-2001.
MA Li, SHI Shuming. Simulation of driving game behavior

based on vehicular Ad-hoc network [C]// Proceedings of 2016

SAE-China Congress. Jilin: SAE-China Congress, 2016:
1996-2001.

GIPPS P G. A model for the structure of lane-changing
decisions  [J].  Transportation — Research ~ Part  B:

Methodological, 1986, 20(5): 403.

JEU VAR FHE . IR TR PR E T i e A R A5 B R 5 LT Y
(D] Fat: KBRS, 2017.

GU Haiyan. Research on freeway car-following modeling and
simulation in connected vehicle environment [D].
Southeast University, 2017.

YING P, ZENG X, SONG H, ez al. Energy-efficient train

operation with steep track and speed limits: A novel Pontryagin’

Nanjing:

s maximum principle-based approach for adjoint variable
discontinuity cases [J]. IET Intelligent Transport Systems,
2021, 15(9): 1183.

BiEE, W, . WAIE A 3l T3 MR 4R G 2l
VIR TR T]. RGET R, 2018, 36(11): 21.

WEI Xiujian, HU Rongxin, SU Hang. Mixed traffic flow game

model and simulation of automatic and manual driving vehicle in

two-lane condition [J]. Systems Engineering, 2018, 36
(11): 21.
IhEE s . FETICHE F SHLAY A S gl 3 A R R

FE[D]. AR PIRIscim Ry, 2017.

MA Lina. Research on characteristics analysis of Automated-
manual vehicles traffic based on the cellular automata model
[D]. Chengdu: Southwest Jiaotong University, 2017.

e N RILANE SGE IS4 . A TR RE: JTG BO1—
2014[S]. dbat: ARAGE T RRA:, 2014

Ministry of Transport of the People’ s Republic of China.
Technical standard of highway engineering: JTG B01—2014
[S]. Beijing: People’s Communications Press, 2014.



