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Real-time optimization control for hybrid electric vehicles based on
quadratic performance index

XIA Chao-yingf, ZHANG Cong
(School of Electrical Engineering and Automation, Tianjin University, Tianjin 300072, China)

Abstract: In order to solve the real-time optimization control problem for hybrid electric vehicles (HEVs), this paper
proposes an optimal power split scheme based on the quadratic performance index optimization. Under several assumptions
and approximations, a linear model of HEV is established. The control problem of HEVs is transformed to a quadratic
optimal regulating problem, from which a real-time optimization control with simple construction is obtained. Simulation
results under five driving cycles show that the proposed real-time method can achieve the optimization control for HEVs
with the future driving conditions unknown. Furthermore, the fuel economy of this real-time method is found to be very

close to that of the global optimal control calculated off-line aiming to minimize fuel consumption.
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1 5|5 (Introduction)
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sumption minimization strategy, ECMS)*. ECMS
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2 FA{R i (Basic assumptions)
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Fig. 1 Structure diagram of parallel hybrid electric vehicle
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tion of object parameters and the linear
model)
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Table 1 Parameters of HEV
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Fig. 2 Optimal operating line of the engine
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Fig. 4 Relation between vehicle velocity and the power to

overcome resistance
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(Real-time optimization control based on the

linear quadratic regulator (LQR))
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Fig. 5 Approximated step line of a driving cycle
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5.1 LQR3E B} 4 46 #% #(Real-time optimization
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Fig. 6 Results of LQR and global optimal control
5.2 &jEBmtiEEH(Global optimal control)
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Fig. 7 Relationship between ASOC and A

5.3 SZB0ZE B HT(Simulation analysis of results)
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Table 2 Fuel consumptions

FEGRZE RBIEFISOC (L) = 0.7) LRI HI(SOC (o) = 0.7)
EER T3 ML 7%
WAE/(L - (100km) ~ 1) JHAE/(L - (100km) ~1) SOC(t)  HAE/(L - (100km) 1) SOC(t¢)
UDDS 6.6 3.2438 0.6918 3.8306 0.6896 8.8909
CSHVR 7.9 3.0566 0.6967 3.7309 0.6920 8.5354
UDDSHDV 7.0 3.5328 0.6990 3.9125 0.6980 5.4243
INDIA_URBAN 7.7 3.2041 0.7017 3.8286 0.6882 8.1104
WVUSUB 6.8 3.0200 0.6922 3.5617 0.6889 7.9662
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Table 3 Values of X in global optimal algorithm
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6 458 (Conclusions)
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