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Abstract 

Besides the advantage of the long driving range of traditional fuel vehicles, extended-
range electric vehicles (EREVs) are also as energy-saving, environmentally friendly, 
quiet, and comfortable as battery electric vehicles (BEVs), so EREVs are an important 
transition from traditional fuel vehicles to BEVs. It is one of the key issues of EREVs to 
control the start and stop of the engine as well as the position of the working point. This 
research optimizes the parameters of the control strategy based on genetic algorithms 
(GAs) to prolong the driving range of EREVs. 

Keywords 

EREV; Control Strategy; Parameter Optimization; Simulation Analysis. 

 

1. Introduction 

Extended-range hybrid technology plays an important part in new energy vehicle (NEV) technology, 

and its research direction focuses on energy management strategies. 

At present, research on energy management strategies for EREV focuses on thermostatic control, 

power following control, and multi-working point control [1-3]. 

Controlling the start and stop of the engine through the upper and lower SOC limits, the thermostatic 

control strategy is the most favorable to the engine but the most unfavorable to power batteries. As 

power batteries need to meet the actual working conditions, frequent high current charging and 

discharging greatly affect their service life. The power-following control strategy adds two thresholds, 

maximum power and minimum power, based on the thermostatic control strategy to control the start 

and stop of the engine. Not directly driven by the engine, the engine can work on the optimal working 

curve. Without high current charging and discharging, the service life of power batteries is improved. 

This is the most efficient solution to energy utilization. 

The multi-working point control strategy adjusts the engine to work at several efficient working 

points according to the needs of the whole vehicle. These working points are generally in the efficient 

area or economic area, which both ensures the service life of power batteries and avoids frequent 

fluctuations of the engine. This solution is more friendly to engine control but sacrifices some 

economical efficiency. 

Due to the particular research object, it is necessary to ensure a sound driving range. Thus, the power 

following control strategy was selected for energy management. 

It is a key issue to determine the following key parameters of the power following energy management 

strategy, upper limit and lower limit of SOC and power. They are traditionally determined by the 

characteristics of the battery and the engine, but the parameters may not be optimal. Elitist strategy 

genetic algorithm (ESGA) was employed to optimize the parameters of the energy management 

strategy to improve the driving range. 
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2. Drive System Structure 

As the special vehicle, the EREV has a triaxial chassis with 6 driving wheels. See Fig. 1 for its 

electrical architecture. The engine and high voltage battery are the main energy storage devices. The 

generator controller converts the kinetic energy of the engine into electric energy. The high-tension 

distribution box as the energy distribution unit transmits the electric energy generated by the generator 

to the high-tension battery for storage or to the motor controller for use as well as the electric energy 

of the high-tension battery to the motor controller for use or transmits the electric energy recovered 

by the motor controller to high-tension battery for storage. The three motor controllers control motor 

drive or receive the electrical energy generated by the regenerative braking of the motor. 

 

 

Fig. 1 Electrical architecture of high voltage part 

3. Drive System Modeling and Control Strategy 

3.1 Drive System Structure 

The following optimization of control parameters takes the driving range as the evaluation index, so 

it is necessary to build its economical simulation model to simulate the driving range. The economical 

model is built based on MATLAB/Simulink, and in this way, the economical simulation model of 

this EREV is obtained, as shown in Fig. 2. 

 

 

Fig. 2 Simulink model for economical simulation 
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3.2 Control Strategy 

 

Fig. 3 Schematic diagram of control strategy 

 

The classic power following control strategy was used to control the engine. The engine under this 

strategy has three working states, namely OFF, HOLD, and ON. Its working state depends on the 

judgment of two dimensions, that is, the SOC of the battery and the required power of the engine. At 

the dimension of SOC, two key parameters need to be determined, namely the upper limit of SOC 

(SOC_max) and the lower limit of SOC (SOC_min). At the dimension of the required power, another 

two key parameters need to be determined, namely the upper limit of power (P_e_max) and the lower 

limit of Power (P_e_min). 

See Fig. 3 for the control logic. The engine does not work under the OFF state. This state is generally 

run when battery SOC is high or the required power is low (SOC>SOC_max and P<P_e_min), 

because the battery output power at this time is sufficient for the drive. The engine shows power 

following in the hold state, that is, the engine outputs power equivalent to the required power. At this 

time, almost all the driving power comes from the engine, the battery is hardly discharged or charged, 

and SOC can be maintained. The ON state is roughly the same as the HOLD state, and the difference 

is that its minimum output power is the optimal working point of the engine. Even if the whole vehicle 

does not need the output power of the engine, it still works at the optimal working point to charge the 

battery. This working state is used in the case of insufficient power or high required power 

(SOC<SOC_min and P>P_e_max). 

When the engine follows the power, the output power can be determined, and the specific working 

point can be queried from the optimal efficiency curve according to the output power. 

However, the key problem of this method is how to determine the upper and lower limits of SOC and 

the upper and lower limits of the efficient region of the engine. In this research, GA and working 

condition simulation were used to find the optimal parameters for controlling the start and stop of the 

engine. 

4. Elite–Scout Genetic Algorithm 

4.1 Genetic Algorithm 

GA mainly simulates the natural selection and genetic mechanism in biological evolutionism. As a 

typical computational model in the process of biological evolution, it can find out the optimal solution 

calculation method in the process of simulating natural evolution [4].  

GA starts from a population that represents a potential solution set of a problem, and a population 

consists of a certain number of genetically coded individuals. After the initial population is generated, 

generations evolve in the principle of “survival of the fittest” and better approximate solutions come 

out. In each generation, individuals are selected based on their fitness in the problem domain, and 

genetic operators of nature genetics are used to combine crossover and mutation to generate a 

population representing a new solution set. 
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This process will cause the later population to be more adapted to the environment than the previous 

generation, and the optimal individuals in the last generation population can be used as an 

approximation of the optimal solution to the problem after decoding. 

 

 

Fig. 4 Genetic Algorithm 

4.2 Elitist Strategy Genetic Algorithm 

In basic GA, genes are simply hybridized, which may damage the better combination, so better genes 

are not accumulated, but the original good genes are damaged. 

In order to prevent the optimal individuals of the current population from being lost in the next 

generation so that GA can converge to the global optimal solution, elitist preservation is proposed. 

Elitist Strategy Genetic Algorithm (ESGA) directly copies the optimal individuals of the population 

in the evolution process to the next generation without pairing and crossover, which avoids the 

possibility of damaging better genes in the process of hybridization and mutation of general GA [5]. 

Such selection is also called “copy”. In order to keep the population size, if the elitist individuals are 

added to the new population, the individuals with the smallest fitness can be eliminated from the new 

population. 

5. Optimization of Control Strategy Parameters 

5.1 Hyperparameter Settings 

The parameters, SOC_min, SOC_max, P_e_min, and P_e_max, are optimized based on ESGA. See 

Table 1 for GA hyperparameter settings. 

 

Table 1. Hyperparameter settings 

arameter Value  Parameter Value  

Chromosome coding 10-bit binary Mutation probability 0.05 

Population quantity 36 Number of elitists preserved 2 

Evolutionary algebra  40 Objective function Driving range 

Crossover probability 0.5   
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The constraints of the target parameters are that the SOC ranges from the minimum SOC to the 

maximum SOC allowed by the battery, 10–100% in this research and that the engine power range 

from the minimum output power to the maximum output power of the engine, 0–88kw in this research. 

In this research, the driving range was obtained through Simulink simulation. Considering the intense 

working scene of the characteristic vehicle, the UDDS working condition with high speed and 

acceleration was used as the simulation working condition. Meanwhile, the initial SOC of the battery 

was 60%, and the initial fuel was 40L. 

5.2 Fitness function 

The goal of optimization is to improve the driving range of EREVs. But due to the large value of 

driving range and the small difference between driving ranges, the objective function itself is not 

suitable to be directly a fitness function. In response to the characteristics of the problem, this research 

proposed a relative fitness function, and the relative fitness function of each individual is the objective 

function minus the objective function base. 

 

_i if obj obj base= −         (1) 

 

where, i is the serial number of the individual in the population;  

given the objective function base is: 

 

min max min_ _ *( )obj base obj opt rltv obj obj= − −      (2) 

 

where, opt_rltv is the relative fitness operator; the smaller the operator, the greater the relative 

advantage of the individual with the larger objective function;  

obj_min represents the minimum value of the objective function in this generation;  

obj_max represents the maximum value of the objective function in this generation. 

5.3 Optimization Calculation 

 

Fig. 5 Parameter evolution 
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Under the above preset conditions, the optimization based on ESGA shows the following results. The 

ordinate in the figure below represents the changes of population parameters in the evolution process. 

There are 40 generations in total, and each generation corresponds to 36 parameters.  

It can be seen that after more than ten generations of evolution, the parameters tend to converge, and 

after 40 generations of evolution, most of the individuals in each population converge. Meanwhile, 

the driving range is significantly optimized and approaches a stable state.  

See Fig. 5 for the population parameters after evolution. It shows SOC_min around 15.5, SOC_max 

around 48.8, Power_min around 13.9, and Power_max around 43. It is this set of data that achieves 

the optimal driving range.  

 

 

Fig. 6 Parameter distribution 

 

The driving range is gradually improved in the continuous evolution of parameters, which generally 

starts to stabilize at the 30th generation, and the final driving range is about 3% higher than the initial.  

 

 

Fig. 7 Law of driving range evolution 
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6. Conclusion 

After ESGA-based optimization, EREV control parameters can be more rationally selected, and the 

driving range of the vehicle can be effectively improved. 
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