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Model predictive dynamic coordinated control of planetary hybrid electric bus

SONG Dafeng, YUN Qianrui, YANG Nannan, ZENG Xiachua, WANG Xingqi

(State Key Laboratory of Automotive Simulation and Control (Jilin University) , Changchun 130025, China)

Abstract; Planetary hybrid electric buses usually have a great jerk while the drive mode switched. PID-based
controller could not effectively ensure vehicle ride comfort during the mode switching process. Model predictive
control (MPC) , which can obtain optimal control sequences by online rolling optimization, is used to solve this
issue, and a dynamic coordination control method based on MPC is proposed to start the engine. Based on the
vehicle dynamic equations and vehicle historical data, the data-driven engine model and the closed-loop simulation
model are set up in the Matlab/Simulink. Taking the start-up process of the engine as a constrained multi-objective
optimization problem, the model predictive controller is designed according to the system state space equation and
optimization problem. In the process of switching from the pure electric mode to the hybrid mode, the model
predictive controller is compared with the traditional PID-based control method and without control. The simulation
results demonstrate that under the premise of ensuring the dynamic performance of the vehicle, compared with the
PID control and without control, during the mode switching process, the dynamic coordinated control method based
on MPC can not only achieve the normal start of the engine, but also greatly reduce the peak jerk and also make the
vehicle follow the target speed well.

Keywords: hybrid electric bus; model predictive control ; dynamic coordinated control ; data-driven; jerk; ride comfort

FEARFATEE T 00 K 75 R PB4 F IR G 3 ) B 7 1 Xt & Bh AL A AT A A )
ZE4% (Hybrid Electric Vehicle, HEV) B30 J1 J84 A~ - /ﬂnfﬁf?ffm & £ 3l 7 IR PR U 4 ) R
R TAAE TR P RBILREILE IR  BUNSIEMBLE R MES). Hwang 47 FHXHF7 B 2
PR i 22 B2 S 3sh IR A s s, %8 IREIHRER AR (B T A, kB R
ijfimzjjjjfgij]/%/‘bfﬁgzﬁj(yqnﬂf ey H— TR 5 B AR RE RS AT AR AT 5 R Y B
17 P T B I T3 1 FEBN. 1024 K S AL IR A L PR B OO0k R

JEAE S [ Ij\]%%%xﬁiitwﬁﬁﬁqjﬁgﬁﬂﬁm SRR A9 /E T, Tomura %5 3% F 42 H ) AL BL
JEE B A T FCRBRSE. £ PRIUS LIAT R 655601 MG1 #M & shHLIS s ook #2 A ik sh#, A1) AL
VIV R 3 7RI A 8 IR 2R 2 B it ) P e 20 MG2 TR G iR TE 6, I8 i i 5k T %R
W A 3 BIBAR AR, Zha ZEDT £ X —Fh 24T 2

e B 2018—;3—14? KIBB I RER KSR St 72, R BRI 45
E£MH . BHERARPEHS (51675214,51575221) s s
ﬂ;%ﬁ”l\ %jﬁﬁh( 19777) ,ﬁ,%ﬂ?ﬁ%,ﬁii%ﬂﬂi UEJTJ PID l;_#. Zj] Tj}ﬂ ﬁlﬁl‘k'f&T%/ L«{FIJH:TF

BIEIEE % /ME  zeng.xiaohua@ 126.com BRI EEL. Syed F AT ERIREG N R



514

RKI, 25 A7 B3R G 3h 1% 47 BB R T 20 285 P8 42 ) - 151 -

SEVTE T RS 1) SR R G, 7E O A
AMERREF I HTEE T, AR B ALEEAT 32 Sl i 4R w15t 45
il , B RENE T R Gk LR s xR
RGN RGAE R SNG Bh B B, 2 RS
KA RGeS .

P LRGN G 2 Rk F 4 i T & shfl e iy
AN, SASCE e 2 —AT B RR G S R E
K F RS LR AN G sh AR pE T TR e sh 25 B
PH R A BT 25 5. 8GR R g s 1y 22
JECUTTHE G AR S R G AR Z E AN PRE A
SOKAT BRI A S 1 R E RGN R SINLE shid B
YEZ LI H I 2 B AR AL ) L. 5 H At 42 5 D7 2 A1
Lt , MPC ] D[R] s ) FH A 2 | 25 i F0 70 45 2] /9 oK
KR , FER S AL AR e s il Iy 91, (45
A — B[] P Bl 4 A0 e 55 R (E 25 e /. T2
AR SR —Fh I TR IR ) MPC #5345, el &
SRS shd ], H5ET Matlab/Simulink #45H# R4
Py FAERL X MPC #26il ge AE A U) 4 at 78 rh i i o
T B R VEA TS0 IE .

1 ARG HA

AT G N BATTRAR G RGN
W %4 REBINE 1 Fis. ZRSGEA 3 45
TR, &SPl AL MGT AL MG2 , S 5GP HETT 2
VLA PG A1 PG2. AT EHE PG R RGEHI TR
YA, 5 AT B HE PG2 B 14 1B [ 52 i B A DLt
e HL I RE Ak k[ R s s . A s AL A
HAERAT B HEAT B AR, B AL MG1 4% PGL 19K
FH%S, ML MG2 #32 PG2 K FHEE , PG k1Bl 5
PG2 AT RIS PR ARG 3 Ty di i 31 &=
G g AR AT SEBL A o (EV) IR A
(EVT) B FIHEAE ] 3 (RGB) 45 Z AR g .

PG1KFA%E PCLATAEE ghfyaih iR s%

| -PG217 25

PG1 14l MG1 MG2
b

PGLATA %S
B1 RGEHEE

Fig.1 Configuration of system

2 RFEaHT

2.1 ZhhZFER
RIS FR B B 1A R B R G MR

TEHE PG 54T A HE PG2 FI R G it =384y, 7
SN [ AR, #5178 12T

ZLEAT A SR AL PN TS A 1 ) A R A R
SR EHE PG AIEATEHE PG2 Wit 2% K IH
Ko RNIA B 2 [R] A o T O FR A0

{TslzTcl/(1+kl>5 (1)
(1 +k)o, =ko, +o,.
{T;z =T,/ (1 +k,), (2)
(1+h)o, =0,

A TH o 43R R RFE I, F A5 el s1 Al rl
MR REIAT A HE PG BT A4 K BH 58 AN ik Bl
ky k, FREEATRHERRESEL, N 2 Fil 2 43
MR IETTREHE PG2 (AT B ALFIK P4,

B2 SHRIATAEHE PG 1Y A KR, RAIE L SIPLEE
FLHL MG BIFEHITR , 3 A 7 B HE O Bl 4 A% . 1
LRHEPN BRI MRTAT AL PG MM SEALIG. BT 245
PRAESRAR 012 T RILRE , 7 22 % R 540 % DR s 401 2 1Y)
LR SRR T2 HE PCL ARSI RN

lo,=F R -T,, (3)
lyo,=T,-F S -F +R, (4)
Lo, =F -5 -T,. (5)

o 1 FORFE SR, R, RS, A i HE 4 B AR BH
RREAE, F, FOREHMT 2N .

B2 ®HfTEHBREE

Fig.2 Free-body diagram of front planetary gear set
FILE [e] 2 08 2 AR 3 Ry T 7 [, 45 B i A T

HE PGl AR R R 52 (4) A (5) Al LI1G3)
(I +1)o, =T, -F -R -F -S, (6)
(I, +1)e,=F, - S, - T, (7)
Bl 3 hIEA TR HE PC2 1Y H KL, RIE MG2
ZendJadT BRI FE LAY (R ZHE N BT s 8 ) 1Y

WA T, 52 N U7 Rl i A 6

3 EITEHBBEE

Fig.3 Free-body diagram of rear planetary gear set
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