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Model Predictive Control-based Energy Management Strategy
for Fuel Cell Buses
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Abstract: To improve the fuel economy of fuel cell buses, an energy management strategy based on model
predictive control was proposed to solve the problem that the rule-based energy management strategy depends on
engineering experience and parameter calibration. This strategy was implemented in a layered control manner to reduce
the amount of computation. At the top level, a dynamic programming energy management strategy was used to
determine the best reference trajectory for the lithium battery’s state-of-charge (SOC). At the bottom layer, radial basis
function neural network was used to predict the future vehicle speed, with the goal of predicting the efficient output
of fuel cell power and SOC to follow the best reference trajectory in the time domain. In addition, the optimal
decision making on power distribution was solved by the quadratic programming algorithm. The determination of the
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speed prediction model and prediction time-domain, the
influence of SOC reference trajectories on the proposed
strategy, and the changes in SOC and fuel economy under
different strategies were studied in detail. Results show that
when the initial SOC is 0.7, the fuel economy under the
proposed model predictive control-based strategy can reach
more than 92.99% of the fuel economy under the dynamic
programming strategy, which is at least 11.78% higher than
that under the rule-based strategy. Furthermore, the proposed
strategy exhibits better fuel economy as the initial SOC

increases.
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Tab. 1 Main parameters of fuel cell bus
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Fig. 9 Simulation results under three strategies in the case
of CHTC-B

B 10 C-WTVC TRT 3 fRmHTEER
Fig. 10 Simulation results under three strategies in the case
of C-WTVC

MEAARIAE C-WTVC T4 MPC 3Em% ) SOC
M REAR G iR BE DP SRm& ) SOC ik, {HduLff
TER/IME2E, JRFE DP JRAE B4 s T R
H it EMS, PRI AT AR UFSRRL b D R AR A T
0 PRI BIAN K 248 53K AR L L ) YR R0 5
1M MPC WL AE RO A 19 R 5t EMS, - [R]is
32 BB FETUNAE RE A2, AREIS BRI AE R

AR T FRB A B LS R LR 5, AT AR
K HMIRIERS, C-WTVC b CHTC-B 15 H B%55k
DB =, X AT LA 8 I oL A A 2 22 53 i
HI £k 15 2 i Bt . CHTC-B 0038 Al
15.08 kmv/h, Il AN 45.6 kmvh, BRRHR D)
RN LT ETER AR A 1 C-WTVC LY
SERIEE R 22.89 km/h, e E R 66.2 km/h,

#5 ARAIRTHRBEFEER
Tab. 5 Fuel economy results under different

operating conditions

AAR K
T mg Soen rnﬂz,equ g SFRE &Y
kg /%
DP 0.700 00 242.68 4.42 100.00
CHTC-B MPC 0.699 97 259.80 4.73 92.99
Rule 0.702 76 293.10 5.34 79.19
DP 0.700 00 267.36 4.67 100.00

C-WTVC MPC 0.699 88
Rule 0.70191

284.19 496  93.79
315.89 5.51 82.01
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TR Y% CHTC-B 5. MPC B 0kt
AR AR b3 A e S RO R, ABAE L0 RE A
b2 B AR e D 3 i t R 1 1B L o 75 CHTC-B .13
T, MPC KB SOC ZHE R 0.699 97, “FALAFE
N 259.80 g, EAHEALERER 4.73 kg, BARIZHE
PEIA S DP RIEZEHLA 92.99%, 5 Rule RIS L,
BB B IR T 13.8%. 7E C-WTVC T.HLTF,
MPC 5l is 3] DP SRKIGIARHZ TR 93.79%, 5
Rule SRIEAH L, BEBIETHER S T 11.78%,

T HREAFILG SOC T 402 MPC
TREEHA R, X RS TR SOC R /MT .
2914H SOC 4 0.6~0.8 i, DP 5, MPC 3R g il
Rule R #§7E CHTC-B 1 C-WTVC LTI F R E AR
FERMAFENR 6. FHEWILR SOC 3G, 3 Fhank
(A SRR I D s, BT 402 MPC
FISRIEAERI IS SOC A 0.8 N MR EFEH eI ih
SOC 4 0.6 T 5530 &#E, 7 CHTC-B #l C-WTVC
TR HIRIR T 5.96%F1 5.11%, I AT 3RS
TAFREL TR, DRI 4G SOC ZEHF7E
B K #E CHTC-B T4 T, MPC KBS L Rule
TG EREI D T 10.99%~11.95%, 7E C-WTVC
THF, MPC AR Rule SFms 255k SUREIS /D T
10.07%~10.39%. Fr&kT 512 MPC H5RIGLEW]
If SOC 2}y 0.6~0.8 I5f, ALt Rule %H%, HIHREARL
PER AR T

F 6 AREWE SOC THEABREHSEF(ke)

Tab. 6 Equivalent hydrogen consumption (kg) per 100

kilometers under different values of initial SOC

T CHTC-B C-WTVC

Soco DP MPC Rule DP MPC Rule
0.80 425 457 519 456 483 539
0.75 436 466 529 461 489 545
0.70 442 473 534 467 496 551
0.65 449 479 539 472 502 558
0.60 455 486 546 479 509 5.66

4 i

ASCE AR b % 45 428 T 1 A 73)= MPC

MITEL EMS, LA BB th & ZE DR 7 oK i [R]
IR R 2 B MR 3 RBF-NIN T3 32 o0 4 SR A1)
DP fig it B 1Y SOC He iS5 3l i 7 Tl Bk g
DABRRHH b T 3R A i s AR F i SOC R
EAES RGN AR AR R8T, SR kL
RN R ARAS B e P 83 B AR o W 8 BE FRT AR
RUFNFOIN S GG FE B 2 . SOC 2B kX MPC
BRI LA B AR SRS R SOC ARk Mokl 22 5 vk
1T 7B . 58 W], AHLL BP-NN A1 LR-NN,
RBF-NN 538 G VR Ry I AF o % 52 110 3 3 T M A AR
FLAUMEERI 5 s BF, rd MPC SRBSIARHZ BT 4%
iy BUZE A RR, FTLE SOC S %k,
MPC SRR REDRAF AT IR e 2406
SOC 4 0.7 5}, 7£ CHTC-B fil C-WTVC T F,
MPC SR W& (AR 2 55 M3 53K B T DP SR IS 1
92.99%M1 93.79%, A HLIEF B 5 s SR AR 22 55 1
Iy HIERT T 13.8%F0 11.78%, HEEE#IHS SOC (1)
Bam, MPC SRR LB UM . 500
1T HE W AE SR T A 58 AUk Y B LA — a2 R
BT
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