
Introduction

Battery/Supercapacitor (SC) Hybrid Energy 

Storage System (HESS)

• Battery/SC HESS has been widely used in electric

vehicles, microgrids, and uninterruptible power

supplies.

• With a suitable power management strategy (PMS),

hybridization of battery and SC take advantage of both

energy storage devices to improve the energy efficiency

of the HESS while prolonging battery lifetime.

Research Gap in Prior studies

• The HESS prediction models in prior literatures do not

consider parameters variations with respect to the

battery state-of-charge (SOC) and, therefore, cannot

guarantee the satisfactory model accuracy over the

entire SOC range.

The Objectives of This Work

• Proposes a new, linear time-varying (LTV) prediction

model for the battery/SC HESS.

• A multi-objective LTV-MPC strategy is proposed to

optimally split the current between the battery and SC.

• A scaled-down experimental setup is developed to

validate the proposed strategy.

B. Battery Model

Fig. 2. Battery equivalent circuit model.

C. SC Model

Fig. 3. Supercapacitor equivalent circuit model.

D. Battery and SC Test and Model Validation

Fig. 4. Battery voltage curves of the test and simulation results.

Simulation and Experimental 

Results

Proposed LTV-MPC-based current split strategy is compared

with a rule-based strategy and a frequency-decoupling strategy

for the HESS in EV applications.

Fig. 5. Experimental setup for the HESS

Fig. 6. Accumulated energy losses of three strategies.

Fig. 7. Accumulated current variations of three strategies.

B. Multiobjective Function

Three cost functions 𝐽1, 𝐽2, and 𝐽3 are considered in the MPC 

strategy of the HESS.

• Power losses of HESS

𝐽1 𝑘 = 𝑃𝐵𝑎𝑡,𝐿𝑜𝑠𝑠 𝑘 + 𝑃𝑆𝐶,𝐿𝑜𝑠𝑠 𝑘

• Battery current variation

𝐽2 𝑘 = 𝐼𝐵𝑎𝑡 𝑘 − 𝐼𝐵𝑎𝑡 𝑘 − 1
2

• Penalty term on the state of charge of the SC

𝐽3 𝑘 = 𝑆𝑂𝐶𝑠𝑐 𝑘 − 0.75 2

The following combined objective function 𝐽 is used to

evaluate the overall performance.

𝐽(𝑘) = 𝐽1 𝑘 + 𝜔1𝐽2 𝑘 + 𝜔2𝐽3 𝑘

where 𝜔1 and 𝜔2 are weighting factors. By minimizing the

combined objective function 𝐽, the energy efficiency of the

HESS can be improved to offer a longer driving range (via 𝐽1)

and the battery lifetime can be prolonged (via 𝐽2).

C. Rolling Horizon Optimization 

According to the LTV prediction model, the control action at 

time 𝑘 is obtained by minimizing the following multiobjective 

function over a prediction horizon 𝑁𝑝 steps:

min
𝑈 𝑘

𝐽 =෍

𝑖=1

𝑁𝑝

𝐽1 𝑘 + 𝑖|𝑘 + 𝜔1𝐽2 𝑘 + 𝑖|𝑘 + 𝜔2𝐽3 𝑘 + 𝑖|𝑘

𝑢𝑚𝑖𝑛 ≤ 𝑢 𝑘 + 𝑟1|𝑘 ≤ 𝑢𝑚𝑎𝑥 , 𝑟1= 0, 1, … ,𝑁𝑐 − 1

𝑥𝑚𝑖𝑛 ≤ 𝑥 𝑘 + 𝑟2|𝑘 ≤ 𝑥𝑚𝑎𝑥 , 𝑟2 = 1,… ,𝑁𝑝

where 𝑁𝑐 is the control horizon, 𝑘 + 𝑖|𝑘 means i-step ahead

of the time index k, and 𝑈 𝑘 = ሾ

ሿ

𝑢 𝑘|𝑘 , … , 𝑢(

)

𝑘 + 𝑁𝑐 −

1|𝑘 𝑇 is the sequence of the SC current (i.e., control variable)

to be optimized. At the time step 𝑘, the MPC receives the new

measurements or estimations of the current states and then

solves the constrained optimization problem to obtain the

optimal value of 𝑈 𝑘 . Then, the controller only applies the

first optimal control action 𝑢∗ 𝑘|𝑘 to the plant.
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A. Powertrain Architecture

Fig. 1. Block diagram of the EV powertrain configuration 

studied in this work.

Proposed LTV-MPC Strategy

A. LTV Prediction Model

The proposed discrete-time state-space model of the HESS can 

be derived as follows

𝑥 𝑘 + 1 = 𝐴 𝑘 𝑥 𝑘 + 𝐵 𝑘 𝑢 𝑘 + 𝐷 𝑘 𝑑 𝑘

𝑦 𝑘 = 𝐶𝑥 𝑘

where 𝑥 = 𝑉1, 𝑉2, 𝑉3, 𝑆𝑂𝐶𝑏 , 𝑆𝑂𝐶𝑠𝑐
𝑻 is the state vector, 𝑢 = 𝐼𝑠𝑐

is the control variable, 𝑑 = 𝐼𝑑𝑒𝑚 is the measured disturbance, 𝑦

is the output vector, and A, B, C and D are matrices of the state-

space model.

Conclusions

• A multiobjective LTV-MPC strategy was proposed to

properly distribute the load current between battery and

SC.

• Simulation and experimental results validated the

superiority of the proposed LTV-MPC strategy over a

rule-based strategy and a frequency-decoupling strategy.


