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a b s t r a c t 

In this paper, an intelligent fuzzy logic control strategy optimized by genetic algorithm 

(GA) has been proposed for uniaxial parallel hybrid electric vehicle (PHEV), in the fuzzy 

controller, the ratio between the motor target torque and the total demand torque is the 

first input variable, and the state of charge (SOC) of the battery is the second input vari- 

able. The torque distribution coefficient between the engine and the motor is as the output 

variable. The proposed strategy is compared to the electric auxiliary control strategy. The 

whole vehicle is modeled based on experimental data and the strategy is verified in auto- 

motive simulation software ADVISOR, the results show that the proposed control strategy 

can reduce fuel consumption, reduce emissions, ensure balanced charging and discharging 

of the battery, effectively avoid the production of the engine peak torque, and improve the 

overall performance of the vehicle. 

© 2016 Elsevier Ltd. All rights reserved. 

1. Introduction 

Environmental pollution and energy crisis are two important problems that cannot be avoided, and the automobile indus- 

try must address the development of new energy vehicles for energy conservation and environmental protection. A hybrid 

electric vehicle (HEV) is an effective product to help with the energy crisis and with environment pollution [1–3] . In many 

other countries, the research on HEV has become an important technology for saving energy and reducing emissions in the 

new generation of automobile development. 

At present, there are two main energy management methods for HEV at home and abroad. One is the method of re- 

ducing the vehicle energy utilization ratio, but this method will accelerate the aging of the battery; the other, improving 

battery efficiency, is usually chosen as the threshold control method. Though the method is simple and robust, it is short on 

flexibility and cannot optimally allocate power. Currently, analyzing battery and high voltage component structures deter- 

mines the energy management power flow relationship based on an in-depth analysis of the existing energy management 

control method. The management methods are mathematical abstractions, and a power allocation coefficient is introduced. 

Therefore, the two methods can achieve unity in the mathematical model. Moreover, by proposing the optimized control 

objectives, a process to achieve the purpose of optimizing fuzzy control can be established [4–6] . 

Domestic research centers are still investigating the structure and energy management strategy. Tsinghua University stud- 

ied fuel cell electric vehicles and the regenerative braking system. The Beijing Institute of Technology mainly studied the 

pure electric vehicle battery and hybrid vehicle powertrain technology. Chongqing University researched the hybrid vehicle 
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braking system. The Wuhan University of Technology mainly modeled and simulated hybrid vehicles used for the city bus 

system [7] . Jilin University also conducted simulations of hybrid vehicles and researched the parameter selection and op- 

timization [8] . At present, the following four methods have been proposed to solve the energy management strategy: the 

electrical auxiliary energy management strategy; the instantaneous optimal management strategy; the global optimization 

management strategy; and various intelligent management strategies based on fuzzy logic control [9,10] . In an electrical 

auxiliary energy management strategy, the maximum and minimum values need to be set in advance. The SOC (state of 

charge) of the battery remains at the average value. Banvait has proposed a determinacy rule-based energy management 

strategy for parallel hybrid electric vehicles, but this energy management strategy is for static torque distribution; it can- 

not obtain optimal performance [11] . On the basis of Banvait, Wu Jian used PSO (particle swarm optimization) algorithm to 

optimize the threshold parameter. This algorithm improves the performance of the static logical threshold energy manage- 

ment strategy [12] . However, this method is not very flexible, and the ability to adapt to uncertain conditions and match 

the parameters of the various components of a hybrid vehicle is poor [13] . The instantaneous optimal management strategy 

is based on the electric auxiliary control strategy, and its starting point and control target are the energy loss being mini- 

mized at any one time during the flow of energy. Lei Wang proposed the instantaneous optimal strategy, and the method 

used global positioning system (GPS), and car remote sensing to obtain traffic information. Online real-time control can then 

improve the overall performance of the vehicle. The instantaneous optimal control strategy is easy to implement, but this 

method relies too closely on unknown traffic information [14] . The global optimization control strategy is a hybrid vehicle 

energy management strategy in which the dynamic distribution of the engine and the electric motor is based on optimal 

control theory. The purpose is to allow the fuel economy and other indicators to reach their optimum levels on the basis 

of the Pontryagin minimum principle, and according to the global optimization strategy proposed by parallel hybrid elec- 

tric vehicle (PHEV), S. Stockar was able to obtain the global optimal solution of the control variables. However, because the 

global optimization strategy requires accurate information about the whole cycle, it has many practical limitations, and the 

results can only be used as an energy management strategy quality reference [15–17] . 

The fuzzy control strategy is an intelligent control method that is based on human experience, and it does not require a 

precise mathematical model of the controlled object. Thus, there are few mathematical operations. The vehicle in operation 

is a very complex nonlinear system, and it is difficult to express precise formulas. Fuzzy control can effectively solve some 

nonlinear problems because of its strong ability to adapt to complex and changing road conditions. Therefore, fuzzy logic 

control is particularly suitable for a PHEV energy management. Pu Jinhuan in Shanghai Jiaotong University established the 

fuzzy controller. The first input of the controller is the ratio between the optimum engine torque and the total requested 

torque, and the second input is the battery SOC. There are 22 fuzzy rules to determine the optimal torque distribution 

between the engine and the motor to achieve a high overall energy conversion efficiency of the system [18] . Zhou Yan de- 

signed a fuzzy control strategy for PHEVs. The inputs of the fuzzy controller are the battery SOC and the driver required 

power, and the output is actual engine output torque. The method has realized the rational distribution of the driving en- 

ergy and has ultimately reduced the engine fuel consumption and balanced the battery state of charge (SOC) [19] . However, 

designing fuzzy rules mainly rely on experience, which will inevitably fall into the local optimum. In recent years, the rapid 

development of the PSO algorithm has introduced the advantage of global search, combined with the fuzzy control algo- 

rithm, can effectively overcome the fuzzy control algorithm’s deficiency of easily falling into the local optimum. Therefore, 

subsequent fuzzy energy management methods of the new dual-energy source of an electric vehicle are proposed based on 

PSO optimization [20] . 

In this paper, the working mode and control objectives for uniaxial PHEV are analyzed in Section 2 . The drive system is 

modeled, based on experiments in MATLAB/ADVISOR in Section 3 , and the fuzzy logic control strategy optimization based 

on genetic algorithm (GA) is designed in Section 4 , the experimental results in the proposed strategy are analyzed and 

compared with the electric auxiliary strategy in Section 5 . Finally, the conclusion of our work is presented. 

2. Operating mode and control objectives for uniaxial PHEV 

According to the degree of mixing, HEVs can be classified into mild hybrid vehicles (mild hybrid) and strong hybrid cars 

(full hybrid). A uniaxial PHEV is a mild parallel hybrid vehicle. The system structure is shown in Fig. 1 , the characteristic 

of its structure is that the engine and the motor are mixed in one shaft, and the motor can simultaneously help power 

generation. 

Because the engine and the electric motor have the different efficient working spaces, electric vehicles, in different driv- 

ing conditions, should have a variety of different operating modes to take full advantage of the parallel hybrid drive system. 

Parallel hybrid cars’ work modes can be divided into the following four types: 

1) When the vehicle is started and at a low speed, to prevent the engine from working in a higher fuel consumption area, 

the vehicle is driven by the electric motor alone. 

2) When the vehicle is running at a constant speed, the engine alone drives the vehicle and determines whether to charge 

the battery or not based on the SOC of the battery pack. 

3) Under condition of acceleration or hill climbing and other large loads, the engine and motor drive the hybrid vehicle at 

the same time. 
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