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Plug-in hybrid electric vehicle speed prediction and control strategy
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Abstract: Focusing on plug-in hybrid electric vehicle (PHEV), a classical hybrid system, a model predictive control
(MPC) strategy based on mixed logical dynamical (MLD) model and vehicle speed prediction is proposed. Firstly, the
dynamic model of parallel plug-in hybrid electric city bus is established using the linearized energy consumption models
of engine and motor. Then, the driving intention is recognized through fuzzy inference, and a vehicle speed prediction
method using nonlinear auto-regressive (NAR) models neural network is proposed based on the driving intention and
the past vehicle speed data. Next, the MLD model is established with the objective function of minimum equivalent
fuel consumption, and the optimal motor torque sequence within the vehicle speed prediction horizon can be solved with
the predictive control theory. Finally, the simulation experiment is implemented, and the result shows that the proposed
energy control strategy can improve the PHEV fuel economy compared with electric assist strategy under certain driving
conditions.
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Fig. 1 Parallel PHEV powertrain and transmission system
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Fig. 3 Linear fitting curve of motor torque and SOC change
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Fig. 4 Driving intention classification
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Fig. 5 Membership functions of acceleration intention
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Fig. 6 Membership functions of braking intention
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HH AR — B Il Y R N (AL H0) 7 271,
iR AL K PN RN OR=RID I EE T E P8
TEk -+ LB Z, 5 F B 22 T A SOCHRAS 71
TR AN R LIRS IR, (ST
BN ARAL BB PHE VAR Y T 42 ) . G o %o A5
RURZSAR & i th SOCHI BB A2+, SR (7)) Fm
AL RIT P JER 2 =l 2% P AR TR AR B MITL P (1 2 1 45 =X
LR, B 2w RIS ) LR N A
B At E 3% IR 45 R R [RISOCEAE, I LAtk
YERTF —ENRAL TGRS AR, AT SE BT 4%
IR RS IE D RE.

H A 33k I FPHEV LA 6Ff TR, 752
Kig AN R BB AR 2 (k), AR T
HOTAAE LR, iR ER K, AR5 38
THEANSCEI, FEma i) SREms i SER . [RIRT, 5 8 2
W AR ST LU TARRB D) B
i, R A A R 3 TIC 1 2 T R RURN B R 2 00
REfE R R R FEMER. IR, ASCgI N g kR REE,
45 /Nl ) A B 47 i) A% R ) 1 &R Y L AT A4k
MILPPR 5 L.

Je R ARSI AT

(Tw=0,  Go=1,u=0,
T;
ﬂn<0, 65:1,’111:.717
1t
T — 1.
T < Tmin, 0y =1, u:&,
(3
T’in > Te,maxy 63 = 17 u > 0’
L 0<,Tin_itU<Te,maxa

(17)
a5
T;
(51 = 1, u = ﬁ,
(2]
(52 = 1, u = 0,
53 = 1, u > 0, 0 < T —tyu < Te,maXa
54 = 1, u < 0, 0 < Tin — 44t < Te_max-
(18)

AT A5 BRI SIS, Al A 7 R AR
RET/INT AR TR AT W, I BRI AN Z A
AR BRI, X 2 AL B AR R T LR E .
ZEI B SO B s AT B, S T REE R, &
FLE A S AR T B KRR, T B
ARSI 2 4t TP S s A AT 3

B, S A 7 SR A T /N KSR, 31 SR K 2 4
P R Al A VBB i TR B A AT
e B R4 FIORAS T U ¥k, I A 2l v gl i RN i
AT PFE AR B AR v BEHEKR T E IR SR T
ZE g R I A E A R A, e R T B ek
P g A P s o) A8 B P 31 X i R RN, T I 2
/NMILP IR 2 23 1], HEmie s SEReR.

5t GiHEV AN [H]. PHEVIE % 77 AECD(ft & #E)
FICS(RE & 4k 1) P R B B, CDRY BEAS 75 2206 Ha it
SOCHET H =Pl 4EFE, Kl M AEMLD-MPCH il 5 1%
rhof i % B SOCH) T PR AL st (5 H i 78 ik e, 1M £E
CSF B, 77 B SOCHE F71E T B 5 AR AR B 3T, S,
MLD-MPC g HfEAME S H bR s B AT T, — B
HH IR T SRR AR, I R S ML B K HAE R, 443
FH AL B Eh 77, SOCRI 2t 7, LI FrIMILP ) @i £
RHBIR, 2 LGRSO, Rtk ZESOC™ FRAE F
T, B IE I R ST B R R ik ST
& 0N — B = SOCH Ik {H, 24S0C A IAfH K
T-SOCF PR, ANax e AL F Gk, Jiti in >4 i B %1 ) SOC
ZIH, A5 W) F2 BRI SR LA AT R AR 4 FLISOCTE
T-SOC IR, 15 IEMILP | @R R, BELHEN B KA
3, THER AL KA A L T, AL 5K 78
G (B /N U A6 ), B A SOC T2 B R R
rmkb— e B S, B AMILP A EUR A
4.3 TR MLD-MPC S i 5208 204 (In-

fluence of prediction horizon for MLD- MPC
strategy)

A SCHEE T MLD FRE R T 42 1 SR op, B3 DA R
PN IR ST 2 30 B M N AR W 48 4
ST AN L T 5 /NER T Y R H A R U MLD AR B 1
DUz 1. 2 o o TN P P 88 o, O 4 AR X T
TSR HAE (VR 1k il 2 AT, 44k i 5 il i 2 R
RTERfE, [ S 2R R & Br e AR 25, T e His A
BRI 35 (0 78 2R R sh A Ak, B & O Ak 3801 38 o, el
APEREFERR R H bR R B AR I ROR B 2 BE . Ak,
TR B K St A 7R BB R ) A B R R . R Uk,
T BRI 57 5 A 8], A 2 3 i F0
K.

PANEDC L35 A5, B 5 T Kkt B AR 80R
HYHFERIEI. T 24 Eith SOCTH K N M4 2 S (R AH.
PTG, T 7 11 P 5 A0 [ RPIRES SRRSO C L 3R
A BIE F, AH 2 TS AP S SRR, TEv2 AR I
oA . Pk FH SOCHIBA 1 0. 715 L R,
% B SOC T FRH 4 0.67, #&% fl CS—CD ] #: i BX,
SOCHES 5 HEN JA A AT AR FLith 78 FEL 22 0.68 )5 F BT
BEAMILPR fif i 2k,
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BIMILPTEAR AL SR g FE A, Bl T0000 2 11 1 386 A,
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Fig. 11 Battery SOC curve under different prediction horizon

&4 BTN K SOC fik J& B 18]
Table 4 SOC bottoming time under different
prediction horizon

socﬁmr&ﬁﬁlﬁﬂ Bk 2K
oo & /s

1 643 847
5 643 849
10 650 851
15 650 976
20 651 976
25 651 976
30 675 1040

2681

268 6.0

2645 202,046

262
26.0 -
258
25.6 -

LG A BLMAE / (L (100km) ™)

254 1 1 1 1 1 1 1

TRIm A /s
12 ST FE S TR AR R &
Fig. 12 Equivalent oil consumption under different prediction

horizon
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TMFESR AN B . T 5 — 5 T, R T Y 5 AR R
72 (RMSE)Fifi #5 TR B & (1) 22 4 ¢ R a0 N3 BT s,
AT DUE Y, ZE T 0 $5 5 R i 2 B A TN B 3 ) 3
PIESTE SRS iR PO kil I Y e A
FENS T G 5 BRI T H AN 2. 7R H
T HHIMATLABLG B3 T, Sk bt
SR ] 5 TR0 B K PR R0 O R N B 147, AR SCH)
BEHCRFEB KN s, ZE s T SR T4 il () v

ARA T s, BT SR R] Bl 5 TN 3 KR
P, FE1S s PR TI0I i K A B0 T F SRS [R] 33 7E0.5 s
DLIN, REWEH 2 42 ) 75 oK. 255 25 FE T AR 4L,
RS R TEE FE 75 T TR0 5% 2 AN 5 T B [ ) 2
Wi, A PRI K AE 10 s~ 15 s BN & 3, Al AR
SEAE R AT T — D A, AR SR SR P ik
T 15 sHITRMI .

181
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Fig. 13 RMSE under different prediction horizon
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Fig. 14 Single step calculation time under different prediction

horizon

5 fiE ALK (Simulation experiments)
AR F PHEV = B S 40Uy B AR % i =
10636 kg, i 4% Jii 13485 kg, %l #56.85 m, i X [fi
117.24 m?, ¥ B £ $00.0094, 748 2 120.5 m, £ 5
L1, 2SS0 2%00.79. fEE) iR RG], K
SRS R EIHL, HEET7.3 L, WEHIIE 177 kW, #%
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151 % 12300 r/min. AL A A8 I IR AL, U A 3
124 kW, % = #£3# 10000 r/min. 2 /7 Bt N EE
b, HE A E90A - h. K ENHLAT LS S5 B 2
AL =2.2511, EEBER S EL, = 20.5215.
9T AT A 2 TR 5 R bl i A SR
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MLD-MPC#% fill 5 B& H, 75 24 71 B 2t o 17 v H
A FH o Bt DA BT 1) 4 38 4500 FH -1 22 S o, sk
T2 O 24 TR0 24 AT I 1.2 F5 — B S0 By 3 P 1 4
JFE 5, HEAR N I TR RT A, T 400 20 1
R T 4% ). B HLIBSOCHI 4R ME 90.7, SOC LR
290.8, T PR M0.15, #A i 55 24 K - 91.629, 1 L Tii
TSN 15 sHEAT 15 H. K16 AMLD-MPC 5 1 >R
FR ) 2P AR R 18] o5 LR, AT DL H
MU E (Al sl . i R Bh) TR Lhat
KA AR B AT ER R BRSO,
H R BB B DI RE R RSO E, X T4
HASOCK T B K PIRAS, RELALT LB IHFEM B,
HLAT R AT SR B, B sl U 2, ANAE D%
T SRR A JE B R BN, DA it HE Rt 70 25
H, $&THR & 5.
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Fig. 15 UKBUS driving cycle
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Fig. 16 Time proportion of each operation mode
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FEE R L i 28, B 2 B ANIE I8 T 0045 R MLD-
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2 AE N0.5164, T HE 3l Bl 7745 il 52 0 1) f £ i HE
N2.404 L, SOCH: 1H N0.5145, ¥ H B FEHT &
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NS N FIPHEVLE 114 BRI FE I RN S 4+ 75
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Fig. 17 Simulation results comparison of two strategies

& 5 BAAPIEHR ST 69 F U I AL B AT L
Table 5 Equivalent fuel consumption comparison
under two control strategies

TR MLD-MPC/L  HLEIEII/L E—%}k%/ﬁa
THFEREAR/ %
UKBUS 4.65 5.14 9.45
8 x OCC 24.14 27.38 11.82
8 x NEDC 20.01 22.65 11.66

6 4518 (Conclusions)

ARICEFXTPHEY, #EA7 7 — i T 2238 Fi (1) 7R
A IR B AS AR O 4% ) SRS w0, X R B HLA
HL B ML RE ST FERE R B AT R Ak, @57 T PHEV)
RERVHAETH B A A, HIR, 7840 %5 R 25 3 53 %o}
AR A IRIRA MR, B2 56T 2 e = BB 2 A
AT S0 2T A 45 A (AR 2R 1 BTV 2 N 2% 7
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