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Abstract: In order to improve the fuel economy and
durability of fuel cell vehicles (FCVs) ,
(EMS) for FCVs

reinforcement learning (RL) and traffic information was

an energy
management strategy based on
proposed. First, a powertrain model was built based on
parameters of key components. Then, based on the
characteristics of urban road conditions, a traffic model
was built in VISSIM and the vehicle driving data and traffic
data were extracted. The traffic data was then used as

input to predict velocity by using the long short-term
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based on the RL

algorithm and using the predicted velocity, acceleration,

memory neural network. Finally,

and the state of charge of battery as inputs, the fuel cell
system power was used as the output to design the EMS.
The simulation results show that the hydrogen
consumption per hundred kilometers of the proposed
strategy is only 1.27% different from that of the dynamic
programming strategy, and fuel cell system average power
fluctuation is reduced by 5.01%, effectively improving the

fuel economy and durability of the vehicles.

Key words: fuel cell vehicle (FCV); energy management

strategy (EMS) ; reinforcement learning ; traffic information
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Tab.1 Parameters of powertrain components
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Fig.1 Architecture of FCV powertrain

0 10 20 30 40 50 60
Th# kW

B2 MRBmRENESHERLRME

Fig2 Fuel cell system power versus efficiency
1.2 $EETREnER
L i it AR ) Rint P H 45 55 e B ASE AR
FOHL L LA AR (SOC) 7B 63 SOC

1— U()(‘v - Uv()(tv2 - 4RessPess 4D
2Ress
' I U()CV T U( CV P 4Ress Pess
OC=——=— @)
SOC=T4 2QR-

3 Uoey 8RB HEL M A T 6 P 5 R RS 1
P P B 5 P i S 1 F el i o D55 Q D B ES 1
LA A RO BIE A



% S1H# FS

7, G BT RIR A ST NI DU A S AR L T T R SR 213

2 ETHIEENEER

2.1 ITBEREREERERERRN

ASCHEPE VISSIM B A4E1 T 30 717 38 % 22 3 55 A
A5, BRI 3 rn o i T 800k B0 M A [ 3
T SEPRASE AR, AT rp A Bl B AT I
H SR AEST 4 R4, Hodr, ZRP8 )7 )i
AR 6 G, m b Ty T 3E B SR XLIn) 4 ZE5E T
SRR LFI 80% F120% .

A A T A B AT B R v, A HAZ R
BATIRA WA, I TE RS AR rp R ATTRR T
PEHH R A5 0 L 5 N R IR BT 2 ) Gk
55 B 3K DU 3R e [ A Ay A A 0 AR v
LN

3 ERTEENREE
Fig3 Schematic diagram of traffic modell

2.2 ETFKEHIZIZHMENEHERTNE X

Ze ORI AT LA S — B ) A2 A )
PR T s TN [ 5000 AT LA >4 et ] 51 1]
RAHEATAC I, e TR A2 22 M 2% (long short-
term memory , LSTM) {2 —FREGA AU 116 2 i 22 1)
2%, nl LA s %) b Y S 2 AR BRI R 2%
S Al 2 T3 A R SRR N S 4 BRI RE AR AR
A PHE A SHTRUIN [ R, AR 5 R ] LS TM A7 4k
SUMIIKERFSEoh e

JIr R LS TM Z5F 181 4 7, A45 114 A
JZ 3ABEHUZE I MR . WA R SEC A 4
AT RLT DR A 28 D 2 (1) A A Hig A\ AR o, BIAS 2
AN R A SR R R O A
A 1A 6T — B 220 B T 4 B T A
B4R 1004~ o R T8 B H LT Y w2 I 25 1 2R
R AP ITER A 2] B R R (E D 7RSS 1A
55 3 B2 J5 AT R 2890 & 2K (dropout) 2 3,
RN O. 2,

2.3 FERWMERSH

K VISSIM Hb 4 B B4 20 D Il 2k 5 A K
A, LA o350 2 800 M120 00 S 148 i M 28 Il R 4
e S AR ) B 1, IR ST 4 e A
JERE FEAT O-1 A b A b B . B T U 5 4R 4l 0
LSTM W28 FEAT YN ZRALAL , P ok Pl 3ol 1A Pt
R B A B0 IE A5 4 A Gl P00 295 SR AN R 22 AN &1 5 e
7o MK Sa m LI H, P00 22 3 RE A A e M B i 52
PR22 34 5 P 5b R UITZRAR ACAR b A9 4 il 2
ZERERZ IR B 10 ° G, R W IT T Y FUI S50 1 1
FETUIRICR , Al LAy b A 7 4 e il

input 1x4
InputLayer

output 1x4

input 1x4
HidenLayer

output 1x100

input 1x100
HidenLayer

output 1x100

input 1x100
HidenLayer

output 1x100

input 1x100

Outlayer
output 1x1

El4 LSTM Z#E
Fig.4 Architecture of LSTM

3 ETRUFINEEETEREIZIT

BT R B R A TE S R R A
=2 1 i) DDPG B33 G A PRI A A2 il [ 0 v 42 o
75 b LR A AR i 0 2L 0 Il R, AR T R R
DDPG Bkt TRE A5 PRI 1Y T ] -

DDPG 51 FH TR W 11 28 [ 26 FIPE i 28 0 25 1
S AE B, R I 28 X 45 RN P i 28 I 24 A7
TSP 2%, RIS 45 F0 H AR 4. Hoog
s 24 IO 245 NS s 1 s IR0 4% 40 i A0 591 R P 9 o 42
(A 2 A —ERF 20 (RPBR A i HE 40 A Y R A
B 2R NIRRT S w2 A H
T R 285 B A3 R I X 4 Y i RIS sV 5
T 2 BRSNS A S BRSNS VR Y
W AE LA ST — A ZRAS TS B9 M1, 592 10 AR
TN 2 R



214 6] 5% K 2 2 (A 4K BE 2 B 549
1.0 —— 0.05
------ PRSP e i
PR TR 4 3
08 - 5‘ 0.04 -
';l . . Y] :
i i ; : :
0.6 B Y : 0.03 [r
H ; ' 1 .
= kS
& il | j Al ;
iZ 04 e 1 i 0.02 |+
e t .
02
1 1 1 1 1 1 1 1 1 1 1 1 --;-—~--~~:----—-~~I -------
0 250 500 750 1000 1250 1500 1750 2000 0 2550 75 100 125 150 175 200
IS A)/s By

a TN 4R B 22 H00) L b YIZRgE FgiEsE Ay 2E

E5 ZFERFNER
Fig.5 Results of velocity prediction
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Tab.3 Fuel economy and average power fluctuation

under different strategies
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