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Abstract: This paper aims to explore the impacts of
connected and automated vehicles (CAV) on traffic flow
efficiency based on in-depth microscopic simulation studies
using cooperative gaming method. First, the Gipps car-
following models were integrated into an improved cellular
automata model to mimic the regular vehicle’ s driving
behavior. Then, cooperative gaming method integrated with

enhanced Q-learning was employed as the modeling platform
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for CAV, to strengthen the capability of the simulation system
in realistically reproducing CAV lane changing and car
following behavior. Finally, a 2-lane freeway stretch was
applied to our simulations, and with extensive simulation
studies we obtained some promising results. The study results
suggest that the impacts of CAV are quite positive. The
inclusion of CAV considerably improves traffic flow, mean
speed, and traffic capacity. Such understanding is essential
for research concerning CAV as well as the CAV implication

for future traffic management and control.
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automata; reinforcement learning
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Fig.1 The schematic diagram of safe car-following gap

1.2 EXEHFMN

Wl RV ARER CA 157 (%38 FH R U AE Ze 4
AT e+ 1 THT. B — FU IR B T R Y
BfE.

(DFEHN. BT HRERES EEBEAET
WL . T SCHRTY rp i e AL, 2
M 2 B R ()~ (6) FREE I 23 DL — & AT R
Detange FATHRITEERAE , BI

d, << min(v, (1) + 1, Vpax) €Y
dn,other > dn (5)
drr#l,olher > Unt2 (t) —|—8 (6)

T 2 doother » o1, omer 53 ) 27 55 3B I 7 K5 7 BE
B v, ORFEBR T E ¢ BRI R, & =W
n BIRIEERAEAKTH 0 R, RN AR AR Hl e 18
B7EZ% R 4B B A5 2238 J5 J7 350 0 1B] BE A o B
B SR IR
QBN EWFEATR SRR, 258 n 45
TEB I 1R] 25 T 0 B i S E A 7 4 #m 2 B 3R A 7
BATIEAG T, 1220 TR R e B B i PR AR 5
HATHA R B TR TZ R R A,
HAVE R AR .
Uy —> MIN(Vinax » U + @) D
OB MW FEI. 258 NaSch AL & )=
AR A 2B ORAIE T 258 ] 7 DR AR 1 22 A B
5 n L S HATT EWZ A RN TR AT
AT T BRI R 2B d e BUZ AT R 1
SRR S5 AL TR vte, B s IR E 2
o ) 5 B A T R T R
Uy —> MIN(Vy » Vgate,n s A s Asatesn) &
(DO FENLIETT. Z BRI RE TS R ]
FETE 1972 B AT S TR E M FE AL BN 5 A BEAL
MBAHER D random (O Prandom << 1) 173013 72 H B 423
¥ BB AR AT B AL LI TR B Sl
BB A TR E F R,
v, = max(0,v, — 1) €©))
()7 B BB, 7 3 B v B ML ) f B A |-
AT A E R

aom

T, —> X, + v,
2 CAVITHER

WETETIR , CAV M 3047 R 1T g e RV
O R 1 BR Ot R B 3E SRS 1T B AT K ZEUW CAV 47
SRR R AR R 2 AT UL A R A& KR
BAn A% 8T R B LW s . A
CAV BEZEIRE,CAV 5 RV.CAV 5 CAV 2
1) B B AR AT BT BB = A R 2R 52 A .
2.1 BEFQEIMIINEGHE

FERALYE ST I, Q % 3] R G R — FP LR B
AT RE. ALTHEMINATEARM
TEOL T B DA ) RIR CH RO NB %2, EEIE
B—E RS AR BRI, B AT B F CAV #Y
TR, Q %3 R%ih 3 M m4s™ b
EZh1ERE A FIRh{E . B RRIARTERAS S Tk #4e
FESMEA BB N R 7, B 7. S>A. R, 7E ¢
B ZI B R TE RS s, P B Je B BB VE RIS o, B
JE AR 44 T2 R, A BR AR RSO Jih 3T VAR A
PETF—SEFHAT KR s BEERMEV
RFRFLTTIL, HIRIrInE R y0<y<D. 8
BB RIK 55 B R (8 W i KAk, 6T B R ML 5
T A 2B ] R U BRI BIE. ¥ Q G,
QRN s IR IEREE « MHAT o SIERE R
Bfhit, )

Vi(S) = 237 Ve (1D
7" = argmax, V™ (s) a2

Q@ (ssa) = r(s,a) +ymax,Q3(s,a) a’) =
E"[Eioy’rt | so = s,a0 = a] (13

K MM T T2 ¢ B9 AR FREFR] 450 CsH a) FIR
SEBEE. & (s, a) BEFH E Bellman 5 &
Wr.

Q(Sz’a;) == ZSerlI:p(Sp’a;’Serl) . T(S; [yem ,Sz+1):| +

72 5ot 01 [ 2G5 2 @ s5e1) * Q@ (s sai) ] as
K pGsirars o) IR s B, B BB R BUBIE a,
AR s RS IER 57 (5o ar s 500 RN @, A
R s, BB s W EIHRAE. Q 2% 3 X DL 1 AL 30
YEAEH Q* Csoa) FNIBRARHEWE n* ()R

Q" (s,a) = max,Q"(s,a) (15
n* (s) = argmax,[r(s,a) +yV* (8(s5,a)) ] =
argmax,Q(s,a) (16)

LT, AT LLBEE R T QF I CAV 4



ETH

TRERK, 4 E TR EME B R 7k B U IR B S WA 979

SR B AR B E R BRE S,
MR R PR A FI SR BE B2 A 10 — 48 Q =5 HOK,
¥ CAV A EREEEAT  FHIR LA ] HL ] B 38
i, 4 AD~KAOBREH Q £, IERE
W RHPRAS-BIEMLS ;s & e AEIE R B B,
B A SO » G it WA .
2.2 FEWREENX

HEI7E CAV [ R0 H5E 0 , R T 45
B — 5 1Y B 0 8 8 BN e 1 K B I BB A
I A REE CAV RiA (1975 RB/K T, 76 B Ot A1 46 3E 2
BHBREEA SITHRES . BREL EARERESR
R T BOL 228 »n— 1 AR A28 Rl 5 7 5 425
n—2.n+2 PR TBORE . IR L 4 T TR
REYE TA CAV WITHRNS. B 2 L8% R0 L
AP R EE LT TSR DRI M )
A, B T B AR SR, E n B EFES
B TR RS S B SRR
F 25 R P e T — B IA] 25 1A T B SR s

CAVHEZEQR
CAV FIEA

RV

Q(S,a)

ARASS

SEREIRID [V, 12 Pss

3 dpyys other; v dos dy, other; vy, _ii 15 Vi_0s Pyoad

nt2 n=2

g2 ;

EiN1:0)

ntl n n=1
le REEE |

B2 CAVRE
Fig.2 CAV’s state

YR RS E LTI H QR Q FE
RE-SHERM MM ER, P K EF T RESEE,
KR4 TahERcR. % CAV 45 B BR8N %
B n Y\I8) J7 A BTS2 20ma I EETE L I, 56 7 3
CAV ZERT Z ¢ BFRRAS S AT R I UL T B 10 4
rﬂﬁ‘:

8. (1) = [Vut25 Put2 3 At other 3 Un 3 5 Aryotber 3 Ut 5 Pt 5
Uy 5 Prs | an

Ho,p, B BNENNPERHRRBGC
{n—1,n—2,m1+2},p; E{CAV,RV,None}). & i 5
B TCE4, W) p, = None,v;=0. 8] LIF H , 75 W4
EIFE T, 45 n i CAV EHFEIRI CAV I RV

s T pos BUE S [, RO BT X5 AR 25 3R AE o R
[f] , 452 T DAASCHS A T ) S .
2.3 REEEEF

—RIEOLT , W SIEE R Aaf 6 DARSD
B AN REBREF—" REBRFER
“F=" AKREEMEF+7 HEEBEC—" 4
ERFFERC=" H Z B MEC+7. J o 44
) TCRE A8 36 R4 h R A A TR EXT CAV ¥R — &
(0 SE T AR, DU B 2 & B M B DL 72 DT 2
EREYIPOR. Y d,=0 BT 45 n AATRERE
ARLE IR A “F 4", WER » 7RSS W47
HIAEZ B VEZ B A Asasvles (S) s B Ateasipten (S) €
A AT IR QR S B R TEL T M,
R e SUEE SR L HR BN B ZhAE , B4 n 4b L e FROMEE
FPAT QRPRE S WV EME R KX B I 1R,
PL(1—e) BEARBEL AT B0 , B

{argmaxaQ (S Ateasible,n (S)) 5
x(S) =
F(Agasiblen (S)) 5

rand() <Ce
HoAty
as
Hrr, rand ORRL0, 1 —AFEHLEL FC - DR
7R FEAIL e R 5. S I8 AT LIAT 3 H A A v .
TR L A RO B 3 173 AR
i, Wit Q % PRI 515 CAV 22 g #
BAE. REHEIT
r=10,(8) —,(S) a9
KA 0, (O BAREW n RS SHEH, B S
SXn(S).
2.4 BEiIlZ
CAVE RVEHERGHHIIGLBEINE 3
. HFRA @R Y CAV 5§ RV 77, lifp &
BefRM A Q2 CA M, R % X Q 242
HATEOE . BUH Q 2= Ry R, IR Q 20 b
A5 CA B R B I R AL SR W AR R 5. [R] I
RGEHTA CAV L2 Q 3R, LB E m# R L2 >
L.

3 ESHESH

3.1 (HEEt

FEEH H python IBEF WE , IIEBEKEL=3
km ¥ XU 1 0 0 BRI A 5 40 S0 I 1 4=
WiFEZE LR TR B, Ot UK La BN 1
m, EWEGKE 15 m, BIBZ L 5 P~ EELET
M. ZEAF R RAT I v R 25 JOME © 571 (90 km



980 B k2% ROH R B2 B

EEVE

TR0 R e A A
BHUE ARG
J?Sl)\‘?@ﬁ—iﬁﬁ

BB )20 R,
BN QR

4
%u”gﬁ | Eﬁiiﬁ%ﬁs | |ﬁﬁ#&;ﬁfﬁﬁ|
e g2k i

MRS Ea

v e MERE
WATE R, 15

Al — RSS!
Y

Q(S,a)—Q(S,ay+a
[rvmaxQ(S,a)Q(S,a")]a’

CATEHT RIS
REHSEFES'
Q51 R

B3 EEMEETEE

Fig.3 Schematic diagram of the simulation process

h™)) BRI o S5HEKWEE 0 451K 5 76
Jil e s77.10 JUHE » s2. RV MR ERIEK T 0=
{—2,—1,0,1,2} , BEHLIBF THEZE Prangorn =0. 05. K13
4317 4 BE B R BE 148 7 T o 2 R[] £ o0k
TR BRI B AR R TEMEZE P =1,
BV 24 4 JE 43 A 1 BB R BB B AR, 1R N &
R EEL BN CAV EIBER, T WAMM A
B, U 22 35 51 ¥4 5 BE S By BT 9 BT 4 0 R
B TFHE, EREHEE NG AR BEETY
AR 2B T g A s ] PR 3 o e — 3 B R R T
UKL

— 1 Tr,—1 1 N
=320, Nl n® QO
_N
o=1 (22)
Q=p+7 23

K WEAREES S, W i=({1,2}.
AP RS R A gd R K E X

Ei}ll% R AEARFEEARR CAV BERT B

T 10° WHEIZE H TN AL CAV BisFT8; 78
ET&UEP,ﬁD\{E%Eﬂ‘IETJ%/F,/J%%’mF 5 000 #
YENE R E SR, i B8 E 2847 20
W R EAT RN ) 418 P35 95 B | A 34 5
RSB UCE I LAt R &0 HL45 2R L

e AT B 80
3.2 B CAV £ EXTHRZBERFMSH

Bl 4 R TR % B K CAV £ % 3R
Aﬁcﬁ(ﬁ%‘fﬁlﬁﬂ@ﬁ’ﬂﬂﬁﬁp AT LATE A th 2
N CAV B &R A 238 Wi 1 # 1788 ) ST
BRI, A 4a Tuﬁtﬂ SR TF—EH B B
FESZWEE 2R R. BREEBR, WA
A, IF H 24 30 veh « k™' <{p<C40 veh « km™' B
PR RZE. 55— 77, B X H BE iR e R 3
T RMEAELME, Bl Q22T CAV 5 CA s8N 7y
RV BARFEREA TR, 24 o % 0~20 veh » km™
DX ] CE 3 ) o B % 88 B8 2 M R R K. 2 o
FE 20~60 veh « km™ X Bl (R B FHE , H p 7
0~0. 65 DX[B] P INF 3% 2 B8 ) 2 mial o P 4 553 » L 42
WA EA BRI ; 2 B7E 0. 65~1. 00 Bf pXFHEE
AR IR , RIATER —BET K, 0
BEEBIR s 24 o 7 60~160 veh « km ™' X ] (ZE AL
TRBHE R EHERD) , g IR & B & W/ T
X AR AR 2o R T 160 veh « km ™

vi(km - h™1)
90

80
70
60

0120 140 160 180
Pl(veh . km™

a B-p B EE KRN

0 20 40 60 80 100120140 160180
P/(veh - km™h)
b fp X BRI
B4 SEXEREWRBENBEZBRNVFERN
Fig.4 Features of the mixed traffic caused by # and p



ETH

TRERK, 4 E TR EME B R 7k B U IR B S WA 981

i, B A28 Ak F P S B, B X G I B
WA (BT SR W6 FE IEAH G SR R,

B @O, E 4b 5E 4a MR 5 HEETE B
5 o B97224k L BAGHERURRAE, B 5 BT LUE H
4 B=0 B, BB R KREITEE S Quax =2 073 veh »
h™;% g=1 B, Qu =3 013 veh « h™!, Bl 100%
CAV WIZE M TBATRE 3T T 45. 34%. BL4b,
FESL D, (B HTE B—ER, B p XN EIR Q,
KF 7+ Quax P X[H], BJ

o,(p = [arg minlp | Q, — 7 * Quax =01,
p

M 7

arg min, [ | Q — 7+ Qu. =01 (24)

7=0. 85 Bt N [F & B BTt B i @, (B A&l 6 Fir
N B LA B A SO IE K T 3H % = @ AT RE 1 1938

B LA VB & 38 38 AR AE 43 87 0T LUE S, P Bl
CAV BBRWRE, B FREAE HEME. o
FH, FERE.

(DCAV AFE/N 4K IEE, CAV AT LLLIE
BEHMENE ST

&S FAAVN R CAV 5 BB kST 47T
ESIVEER SN LAVESS , I B R 2 34T R, LA
FE SN AT TE IR Ik B KA, T T4 A 5L

90 -- =0
\ — pB=1

v/(km - h™1)
N
(=

0 20 40 60 80 100120140 160 180 200
Pl(veh - km™)
a WE-BEXRR
3 500p
3000}

2500}

= 2000 /-~
=] ~

2 1500t S o

o1
/
/

1 000 <
500t ~

0 20 40 60 80 100120 140160180200
P/(veh - km™)
b ME-FHEXRER
Bb5 AREZERKRE

Fig.5 Fundamental diagram of homogeneous traffic

140¢
120}
100}

..

20t

O

Pl(veh - km™)

(=

74 $0.85(B)
0 0:1 012 013 014 015 0:6 017 018 0:9 er
B
B 6 @5 (B)EE ML
Fig.6 Scale diagram of @y g (B)

JE BB AT RE S P R EE
3.3 BEMERSH

e i T SR SR b B S N
M FRE R —, R T B R
P, XA E WL AR E . SUIR B IR E AR
S B B[] B A2 95 P 48 T YR B, Pl 58 4 X
CAV ZiM B #1155

Sfie = Epfp«LC_ ZPTLZ\I}

Ny AR ES R p KB LR
BEEREGN, hp REEWE HESGR WA 7
.

—HEAUEH fic feavies frvacEARF BT
WENREARES EHESELEET, fics
Srv.ie~feav.c B BO3E R/, BXT T 8 K ¥l
WRAE A fivic™ feav,ie. X I H P 5 T F R & 5L
. 24 B RET, — 5 1, CAV M2 BREEAE foav,ic
WAL Py [ B BB A 458 v 8 BE AT 3k X o TR AT B PR 46
T RV #3EZ 250 B 2 ], AR T RV Bk
TEHEZS  HE fry, o 88 T REAR; MBS, CAV /] DLk %
ARSI B 8] 25 Hh R O A 28 Bk A A A R B o 7 ]
DIRSFE/NAEEE AT frv,ice s feav,ie s BEPRFF AR
GEESSTR R & SR A AN 3y €SS R N |
Soav, e RN W 2E T FEEH

%_‘ﬁﬁa Fﬁ% 1% B‘Ji.'%?ﬁl] 9fLC\fCAV,LC \fRV,IL‘%E
AIE] BT BRI EAEGE L. o BUK, (R4 R HLE
BRIKFRAR. BRI, 2 o AR T3 47 s 00 2% B2
B, A MR 5 B AR X A R B 2 (R $EAT B R TE R
P, BEBT fLe feaviie s frv.ic T o B ILIEAHCRBM: 5
2 TR AT KON L S, 3% 38 B S 18] BR ] Y
B3 fie s feavies frvuc RIUA S o B2 RAER. Ak,
T CAV, T RV RYHIE 5% 14X 18 B 2= [H] 2R
Him s I frv,c RN o 240 T U=k

(25



982 [l ¥ K % 2% HH & B2 ERVE
=40 .
h 0,020
- p=16 10,015
TN 0.010 }
T 0005
0.2 04 0.6 0.8 0

OO0
oo

UE'!'

[
B OO D LI NGO
SOSSISoSS

Pliveh . km™h)

w-&sc\oogw-uoxoo

02 04 06 08 1.0°020S
B e
SOTO

fie

a fic

Fig.7

i R EE I T R T Ik S
JUME E SiPLAHSE S AL HLE], 32 1 T 2 T O
Q 2% 7k A AU 5 R i O IB 7 2 4 A
AT BESREME , I T — PP eE X UGB 035 T IR
B SCE U B R AR L I O AR S B
B, R CAV SO BT o8 B = A R BB 2 77
XAl A AR . IR B 4e i F

(DA T R B AL TT I F AL, 5 Ak~
TR AT B SR B B T F) SRS M B A SR I s BR 358
ENLRES) . AT S CAV B BT RHRHIE;

O RFI W EAMT GEREI TR KR
FEEE RS CAV BERAE TSN, B4
FEATEE MR T B R R, — R LS
Ja T HRAE I

ORI ERBEEFMT L CAV BERY
FRrm B A 4 A e T AR R R AR, 4 i B 1 AR E
b L

H1 TSR AR X AR XU T8 FD 3 B 7 BB B A o
A B %) AR S 75 00 ) 220 T B A 5 Y 30 PR LG T
S ERB R —E 2. BRI TR E
PE— AP R I BB, R BN B A AR I A
5T IR A Sl TR R T IR AR SE.

Sk

[1] SHLADOVER S E. Connected and automated vehicle systems:
of Intelligent
1080,/15472450.

introduction and overview [ J ]. Journal

Transportation  Systems, doi: 10.
2017.1336053.

[2] CHEN Jiajia, ZHAO Pan, LIANG Huawei, et al. A multiple

b feav.ic
B 7 FRASZEXE.FREENREME
Lane-changing frequency of different § and p

[3]

[4]

(5]

[6]

L7]

L8]

[9]

[10]

[11]

e et o s

Pl(veh . km™)

8
601
4
2
0
8
6
4
2

B

¢ frv,LC

attribute-based decision making model for autonomous vehicle
in urban environment [ CJ]// IEEE Intelligent Vehicles
Symposium Proceedigs. [ S. 1. ]:IEEE, 2014 480-485.
TALEBPOUR A, MAHMASSANI H S, HAMDAR S H.
Modeling lane-changing behavior in a connected environment: a
game theory approach[J]. Transportation Research Part C.
Emerging Technologies, 2015,59:216.

MENG F, SU J, LIU C, et al. Dynamic decision making in
lane change: game theory with receding horizon[ C]//11th
Ukacc International Conference on Control. Belfast: IEEE,
2016:1-6.

KHAN U, BASARAS P, SCHMIDT T L, et al. Analyzing
cooperative lane change models for connected vehicles[ C]//
2014 International Conference on Connected Vehicles and
Expo. Hanoi: [s.n], 2014;: 565-570.

LEVIN M W, BOYLES S D. A multiclass cell transmission
model for shared human and autonomous vehicle roads[]].
Transportation Research Part C——Emerging Technologies,
2016, 62. 103.

MAJ Q, LI X P, ZHOU F, et al. Parsimonious shooting
heuristic for trajectory design of connected automated traffic
part II: computational issues and optimization [ J J.
Transportation Research Part B——Methodological, 2017, 95.
421.

ZHOU F, LI X P, MA J Q. Parsimonious shooting heuristic for
trajectory design of connected automated traffic part I:
theoretical analysis with generalized time geography [ J].
Transportation Research Part B——Methodological, 2017, 95.
394.

SHLADOVER S E, NOWAKOWSKI C, LU X Y, et al.
Cooperative adaptive cruise control: definitions and operating
concepts[ J]. Transportation Research Record Journal of the
Transportation Research Board, 2015,2489(1): 145.

CHEN D J, AHN S, CHITTURI M, et al. Towards vehicle
automation: roadway capacity formulation for traffic mixed
with regular and automated vehicles [ J]. Transportation
Research Part B——Methodological, 2017, 100 196.
BRANE, DR, FANE % BRTREEENFH—BEaHE
R AZERMEL]. KEEMRE TR SER, 2016,16
(4): 101.

QIU Xiaoping, MA Lina, ZHOU Xiaoxia, et al. The mixed



ETH

TRERK, 4 E TR EME B R 7k B U IR B S WA

983

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

traffic flow of manual-automated driving based on safety
distance[J]. Journal of Transportation System Engineering and
Information Technology, 2016,16(4):101.

Z, ER. AR B A AR WA AL X 28BN B
LJ]. HEARESEAM, 2018(4): 202.

QIN Yanyan, WANG Hao. Improving traffic safety via traffic
flow optimization of connected and autonomous vehicles[ ] ].
China Journal of Highway and Transport, 2018(4):202.
FOTHERINGHAM A S, ROGERSON P. The SAGE handbook of
spatial analysistM]. [S.1.]:SAGE, 2009.

KAI N, SCHRECKENBERG M. A cellular automaton model for
freeway traffic [ J]. Journal De Physique I, 1992, 2
12). 2221.

MAERIVOET S, MOOR B D. Cellular automata models of road
traffic[J]. Physics Reports, 2005, 419(1). 1.

CHOWDHURY D, WOLF D E, SCHRECKENBERG M. Particle
hopping models for two-lane traffic with two kinds of vehicles:
Effects of lane-changing rules [J]. Physica A: Statistical
Mechanics & Its Applications, 1997, 235(3/4): 417.

JIN S, QU Xiaobo, XU Cheng, et al. An improved multi-value
cellular automata model for heterogeneous bicycle traffic flow
[J]. Physics Letters A, 2015, 379(39): 2409.

PEDERSEN M M, RUHOFF P T. Entry ramps in the Nagel-
Schreckenberg model [ J ]. Physical Review E Statistical
Nonlinear & Soft Matter Physics, 2002, 65(2); 056705.
HRE, B ofh, ETITaMERRAY Y 5EHRA].
FIPF KM (B AR , 2007,35(4) ¢ 531.

CHEN Qijun, XIAO Yunwei.

reinforcement learning and optimized reward functions[]J].

Action values hased on

Journal of Tongji University ( Natural Science), 2007, 35
(4):531.

B, BEA A O RES I EER G N R IR Y
RE[T]. AFh k2, 2016,42(5) 643,

DUAN Yanjie, LU Yisheng, ZHANG Jie, et al. Deep learing
for control; the state of the art and prospects[J]. Acta
Automatica Sinica ,2016,42(5):643.

W, BRittAE, M. B IMRER0I]. B3k,
2004,30(1): 86.

GAO Yang, CHEN Shifu, LU Xin. Research on reinforcement
learning technology: a review[]]. Acta Automatica Sinica ,
2004,30(1): 86.

R, WEE, KEW. FYLEFHESR T L agent 381k
M IEGR]. BRI S5YIE, 2005,20(10): 1081.

SONG Meiping, GU Guochang, ZHANG Guoyin. Survey of
multi-agent reinforcement learing in Markov games [ ] ].
Control and Decision, 2005,20(10): 1081.

WA, AR, RIEE, %, WERAF ISR R THEE
B RT]. e 5, 2016,33(6): 701.

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

ZHAO Donghin, SHAO Kun, ZHU Yuanheng, et al. Review of
reinforcement on the

Theory &

and discussions
Control

deep learning
development of computer Go [ ] ].
Applications, 2016,33(6): 701.
CIUFFO B, PUNZO V, MONTANINO M. Thirty years of gipps
* car-following model [ J]. Transportation Research Record
Journal of the Transportation Research Board, 2012, 2315(1);
89.

GIPPS P G. A behavioural car-following model for computer
simulation[ J]. Transportation Research Part B, 1981, 15(2):
105.

PANWAI S, DIA H. Comparative evaluation of microscopic car-
following behavior [ J ]. IEEE Transactions on Intelligent
Transportation Systems, 2005, 6(3): 314.

NAGEL K, SCHRECKENBERG M. A cellular automaton model
for freeway traffic[J]. Journal De Physique I, 1992, 2
12). 2221.

EMMERICH H, RANK E. An improved cellular automaton
model for traffic flow simulation [J]. Physica A Statistical
Mechanics & Its Applications, 1997, 234(3/4): 676.

LI Keping. Car deceleration considering its own velocity in
cellular automata model [J]. Communications in Theoretical
Physics, 2006, 45(1); 113.

LI X, WU Q, JIANG R. Cellular automaton model considering
the velocity effect of a car on the successive car[J]. Physical
Review E: Statistical, Nonlinear, and Soft Matter Physics,
2001, 64(6): 066128.

LIUY Z X, GUO J Q, TAPLIN J, et al.

analysis of mixed traffic flow of regular and autonomous

Characteristic

vehicles using cellular automata [J]. Journal of Advanced
Transportation, 2017,1705:1.

WATKINS C J C H, DAYAN P. Technical note: Q-learning
[J]. Machine Learning, 1992, 8(3/4):279.

ZHU F, UKKUSURI S V. A linear programming formulation
for autonomous intersection control within a dynamic traffic
assignment and connected vehicle environment [ J J.
Transportation Research Part C: Emerging Technologies,
2015, 55:363.

LINGUO C, BAIGEN C, WEI S G, et al. Basic Simulation
Environment for Highly Customized Connected and Autonomous
Vehicle Kinematic Scenarios[J]. Sensors, 2017, 17(9):1938.
TOLEDO T, CHOUDHURY C F, BEN A M E. Lane-changing
model with explicit target lane choice [ J]. Traffic Flow
Theory, 2005,1934; 157.

HIDAS P. Modelling vehicle interactions in microscopic
simulation of merging and weaving [ J ]. Transportation
2005, 13

Research Part C——Emerging Technologies,

D 37.





