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Longitudinal control of connected vehicle platoon based on deep
reinforcement learning
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Abstract: This paper presents a vehicle platoon control method based on reinforcement learning (RL) to solve the
multi-objective optimization problem. The actor network is designed to receive the state information of each vehicle in
the platoon and the inter-vehicle state error, and outputs the desired acceleration based on the longitudinal dynamics of
the vehicle. The proposed approach ensures both the individual vehicle stability and the string stability of the platoon
under V2X communication. To model the platoon driving scenario with the spacing policy and communication
topology, the Markov decision process (MDP) model of the platoon is established. In addition, considering the
multi-input and multi-output high-level sample characteristics of the platoon, the deep deterministic policy
gradient (DDPG) algorithm is adopted with the priority experience replay strategy to improve the convergence
efficiency. To better approximate the actual platoon vehicle fuel consumption, the simulation is based on PreScan to
build a high-degree fuel vehicle dynamics model. A co-simulation environment is created using Matlab/Simulink to
train the actor network and critic network in the platoon controller by adding noise. The simulation results demonstrate
that the reinforcement learning-based vehicle platoon control approach reduces fuel consumption and achieves faster
and smoother vehicle control.

Keywords: vehicle platoon; deep deterministic policy gradient; reinforcement learning; fuel consumption; V2X;
PreScan
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FEHE.

DDPG #2& 2 T3 51-PF 18 5K (actor-critic, AC) 12 7
[ BEDL B I HE SR 4 (81 3 .

Actor 2% 51 5Tk BB /RS H, Critic WX 2% 71 57 7F
il SR HIAL 55, PR W 2% 110 2 £y 50l oF Fi 99 &
7. [N, AN W 28 343 9 24 1l 9 2% (online) F1 H F5 94
2% (target),

online : pg(s]60%);

Actor : policy net k (13)
target : g (s|0").

Critic : Q net {Onhne Qolsl0); (14)

target : Qg (s]60<").

B A W 25 I b, N 563t M rp BE HL I B T
P {s(t), a(t),r(t), st + 1) HER/DNHEEREA, 535
H s(t) Fls(t + 1) VB 2450 SR B 9 266 1 E A S s 199 26
FRA N, B A (s (8)|0M) R0 (s(t + 1)|0#), T T3t
FCUHTA E AR Q M FPIRESIME R L B T —IRE
s(t-+1) il (s(t+ 1)) FE 2 LR Q I itk N, 7331
Fr Q W25 (PRSI B R £ Q' v 5 FL B8 H AR y(¢),
2]

y(t) = r(t) + Q' (s(t + 1), ' (s(t + 1)[0*)|0).

(15)

Critic [ £ &5 70 A1) F 5 /M 453 2% b8 HOn] 2 H 0
BEAT B
1

L(69) = =" ly(t) = Q(s(). a()6°),  (16)

Horp N OUREHURAFEFEA A EL
Actor X 45 F 7 R 45 1 5 11k SRS 96 P2 SR A 7 2K

XS Hon AT HEHTR:
V@u J(H) -

3 [V Qs (), 1(5(1)[60)69) Ve pa(5()]0)].
N

(17)
[ N, Ay 3 G 11 225 3o HR T R IO 286 s ) ) L7
Ui AR TRAIE S HUs sh B B 5 T Ul # B
1 (soft update) 77 EHE F A~ H br X 26 244, Bl
09 + 709 + (1 —1)6?,
0" — 70" 4+ (1 —1)0" . (18)

it — 3%, £ % DDPG J5 A 1 22 55 [8] T80 B, £ BA
FN| 22 4\~ 22 8 H R A 223 () dE AT BE A LR A 2 T I 25
W 28, W7V 2 A AE e AR R AR 2 TA) R FH 224N 1y HLRZ i)
W) 28 WA SRR R 1) i) LY, AR S 5 AN Se 2 56 B TBUR
W 0 A it
step 1: EFXTFEAR 5, THEHFEARME D () N
D(j) =
() +9Q (s + 1)), 1/ (s(j + 1) — Q(s(4), a(4)))-
(19)
step 2: X250t FR AL AL IR D () 48X HE IEAT FE
FEHEF, 15 2 A B Se %

1
Horrank(5) AFEA jHE P GBS 5, Hig st a2
J9 1, BRI T P A AAEALE ) 2.

step 3: SREUA S g0 Jm AT v AR AE, A
p(j; A)

p(j) = (20)

P(j) 21
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AL, DA ORAE AR 2 FE 1, X = 0 R IRBEHLRAE.
N T ARUEANE 8 i B AR LE S A i 1 I e 4
i, 0T AR A — A S R A A
R H | Actor P 4% 1 Critic R 28 5 NIRZS RN

s(t) =
{Api_1.i — daes, Apio — idges, Vi, ai(t — 1)|Ts}. (22)
FORIER A B S 20, 43 9 A S 4 FE BRI 2550 5 1
A BEARZE Aps 15 — daes~ S YEE 54T 47 22 8] 1|)
WRZE Apio — idges~ 5YEREIRBEZEFNIH L v« SYEFE IR
BEZE IR a; (¢ — 1), BLALIIE RS A E— IR s EH
t, HARSCRAEI B T = 0.1,

Actor W 2846 1 B AE 4k 5 A 5, Dyt b ik K Bl /)
{1 00 3 5 R ) 2 3] R0 2R, A 3 0 B (R AR B
Wi /2 a; € [Qminy Gmax]» 7390 1 25 B B 20 %8 1) 100 28 om0
FE, ’)

a(t) = {a;}. (23)

FEL R AR &, b A F ) 2% i H i
SR FH A 7] PT A% il 4 5 45 g e 11 AR T FEE 0 30 22 B A
i

TEANFPRAS R 2 26, 38 % B A H I 2 i R
HUREAE 5] TR BRI B TR (0 . e A, AR ST
15 MPC F2 i1l 45 1 H 5 bR 55, 5 2 Jh o B0 2 a0

1
512:].+(App4¢-d®927
r(t) =< B, Z (ai(t —1)%+ @Avl_l)Q)

B30vershoot(Ap;_1 ;, dges) —10c¢(t).

)

(24)
it b MPC % il 3% S5z s 400 B 28 3L, %3 38 22 Jily i
Ko, poNIBIE S| 5 R %L JEIE 1: 5 N 2RI A B
2 BRI 5] 5 R H, BIBA A A 4240 2 (8] [A) R
VR N ] O I 45 T 22 i, I TE 2: By AT — I Z
IR a;(t — 1) 5005 F400E R 2 Avi_q; B
R I 22 5, T PR I8 T 3 SR R AR (] B SR
SINE/INE I B 77 20k G oK 1R 22 5 e 2 2]
R TIE 3: B3 A B ZER B B Ap; 1 ; 5 1 [H] R
des TEVRIE T R 5, IR IR N

max(Ap;—1,; — daes)- (25)
c(t) R Rl RS I I, A
c(t) = any(Ap;—1,i — daes) < 0. (26)

c(t) il R 25 T O, IR N o ok 2 3 815 25, BN
I CIEE

3 PEEREST
3.1 HEKRE

NG IE T ) B T AR B, SR AL ST A B R H
Matlab/Simulink 5816 2% 3] T 56, 4= 50 5)) 1) 248
F ADAS {}j L °F- & PreScan ¥4 2 W BR ML 5h 71 R Gi 5t
RARO2 R AL | AR AR | 4 4 ] SR B
1 FH Siemens 2~ #8526 B E 1 454009 25 A0 S 4 R
6 2 4 R 1) ZE 5 BA B 34T 477 LA 9, BA BT U Ao B 1
B Hp(0) = [110, 86, 63,41, 20, 0] m, % =] 4H 3% 1)
WHEN15m/s. HIEMPCHEHI s, A

01 —T
,B=| "¢
01

-1
20
W= =2, @7)
01

LA £ 1) 95 2 B AR SR BN 2 R Bl ) S
SR

®1 ERIRSRRERDNFEEH

A:

)

SH B ¥ Al
Qmin /(M /%) -3 Qmax /(M /%) 3
Vmax / (M/'8) 33 w 10

Te /s 1.1 L/m 3.5

YN 10 lo/m 3.8

B1 0.1 Ba 0.2

B3 —1 - -
m/kg 1575 g/(m/s?) 9.8
Mip/m 1.04 al(®) 0
pair/ (g/m>) 1.2256 Ay /m? 25
Cy 0.3 Cq 0.01

HEM 2% 2E k), AC 28 38R F 4 3 77 Nk
it, % a2 2 2 18] % F ReLu B8 #0800, Actor W 2% 15
B0 bR £5N tanh 2R AL, 5 22 BT R UM softmax B
B PIE UK R B8R Adam 5 VEFEHTRG B S
kM2 244 B S B ik 2 .

=2 FEINHSH

e HUH S HUfH
Actor 2 3] % le-4 Critic % ] % le-3
Prin %y 0.99 I T T le-3
AR AN 64 2250 M le6
Wt 7 7 72 0.6 I 7 R le-5
R 2000 = INEIREx- 2000 Episode

3.2 RENIZ
IR B, 9 3 5 A B 132 A e ), 4 815 1 25
I, FE UL 22 225 NI ZE AR BA A AT Ua R ) i S s
RTINS R s
vy (t) = vo(t) + amp - sin(fre - ¢), (28)
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p;(0) = p;(0) + 5 x randn(1, 5), (29)  FHRZEME S~ KR,
v:(0) = v;(0) + 1 x randn(1, 5), (30)
L' = L + 3randn. 31

Horr: sin BRELHRTE amp = max(2 + 0.1randn, 0.1), 43
# fre = max (1 + 0.1randn, 0.1), max(-) R A
B KICE, randn(-) R A — AN IR IEZRS 73 A0 1
BENLEL.

DRL H, 18 % % H [7] & 2 )il (episode reward, ER)
5 ¥ 32 )il (average reward, AR) Jz B Y Il 2k AT UAC
SRR 2 25CR, B 4 9 R G 5 rp 22 i (AR

XS EL.
2.0
— AR
1.5} ER
=) — ourAR
Z 1.0} our ER
=
g 05¢)
2
0
0.5 : : :
0 0.5 1.0 1.5 2.0
episode number/ 10’
B4 NZIIERRETHRTEE

TEIZRRT 800 [H] 4 72 A7, 51 NAILJe 28 56 1] s 5 s
(our) 532 5 i A HVE & 2Ll B 2 B K, 7
2 HEANE T, I A BE A T 46 2 2, R EF R E
RS IEBCRE E SIMEM A58, b T BEHLAR R FIRES; bl
FH xR £ (800 ~ 1200) F3E fin, 5 34 22 Jih (i ¥ {E T
GEHE N, HLJ7 22 AR 1S K, 3R BH LI R BR AR T BR S
B Jry i fp A0 BT, S Ak B B R R R R S R, I
L A& Y SR S NI S B uR s I N S Wi
1500 [5] & 7o A5 FE AW SL, Fe 24 1E 1800 [B1 & &, P # 24¢
JhAE Y58 3 AR R e HLAH 22 A K, B RE R AN P 3R L3
Jil, 2% W W 3 L AR LIS A 4 R A, B e A 2 )
FI RORNE.

3.3 RER
331 FE1

551 IR 5 32 R A B B R A T A A
H R P, M3 55 ST 28 (03 BE 40 i
15m/s, 0s <t < 40s;

10

15+ 1 + o—0.55t+33

m/s, 40s <t < 80s;
vo(t) =

25m/s, 80s <t < 110s;

10
15+ 1 + e0-55t—73

m/s, otherwise.
(32)
W56 1R, MPC £ il 48 Al DRL 4% fil] % I 1 i 72
RSN % AL HRE L T R DA K A ] T
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16} 171\
A\ “.} 16 i
[ A R
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