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Abstract - Objective: To explore the genetic algorithm-based energy-saving control strategy of 
automobile drive, thereby achieving energy conservation and emission reduction. Methods: First, a 
regenerative braking control strategy that maximizes the recovery of braking energy when a hybrid 
vehicle is braked is proposed. An advanced vehicle simulator (ADVISOR) is utilized to build a 
regenerative braking control strategy model for an optimized algorithm. Then, based on the finite 
state machine (Stateflow) theory of torque distribution hybrid modeling method, a comprehensive 
torque control strategy model is built, and the model is put into the ADVISOR system for secondary 
development. Finally, a hybrid electric vehicle control strategy model optimized by genetic 
algorithms is built. The three models are numerically simulated. Results: By analyzing the 
simulation results, the regenerative braking energy recovery strategy recharges the battery while 
recovering the braking energy, thereby reducing the state of charge (SOC) drop, the automobile fuel 
consumption, and the exhaust emissions. The comprehensive torque control strategy further 
reduces the SOC drop, fuel consumption, and exhaust emissions. After optimization by the genetic 
algorithm, both the fuel consumption reduction and the comprehensive emissions are significantly 
reduced. Conclusion: The proposed hybrid vehicle braking control strategy can reduce vehicle fuel 
consumption and exhaust emissions, which significantly improves the effects of energy 
conservation and emission reduction. 
 
Keywords: Genetic Algorithm; Regenerative Braking Control; Comprehensive Torque Control; 
Hybrid Electric Vehicle; Braking Energy Recovery. 

1. Introduction 
 
In recent years, the ecological environment has 
deteriorated due to various reasons. With the 
emergence of increasing global energy crisis, 
researchers and most automobile companies have 
focused on new energy vehicles that can save energy 
and reduce emissions. Therefore, the development of 
new energy vehicles to replace traditional internal 
combustion engines for energy conservation and 
emission reduction has become the global focus [1].  

The existing new energy vehicles mainly include 
hybrid electric vehicle (HEV), fuel cell electric vehicle 
(FCEV), battery electric vehicle (BEV), and clean fuel 
internal combustion engine vehicle. BEV refers to the 
vehicle that uses electric energy as the power source 
and is driven by an electric motor. Since BEV does 
not consume fuel and does not generate any exhaust 
gas, it has a smaller impact on the environment than 
a traditional internal combustion engine vehicle.  

Therefore, its development prospects are 
optimistic. However, due to the immature battery 
technology, BEV cannot be widely used in the market 
currently [2]. HEV has been widely promoted since it 
has the advantages of electric vehicles such as high 
efficiency and less pollutant emissions, as well as the 

advantages of traditional internal combustion 
engines such as long endurance and fast energy 
replenishment [3].  

Usually, the economic performance of a vehicle is 
improved by using a reasonable combination of its 
speed and engine operating conditions. HEV uses 
electric motors and engines at the same time, and 
assembles them through different combinations to 
form different driving methods. Different driving 
methods have different exhaust emissions and fuel 
consumption [4].  

According to different driving methods, HEV can 
be divided into the following three types: parallel 
HEV, series HEV, and parallel series HEV [5].  

The third type combines the advantages of 
parallel and series. Through reasonable matching, it 
can maximize the use of energy and meet the 
support of automotive energy. It maximizes the 
advantages of both and has an excellent application 
prospect [6]. 

With the development of hybrid technology, HEV 
products have changed from simple series or parallel 
hybrid systems to complex series and parallel hybrid 
systems [7].  

Rezaei et al. (2017) studied an adaptive 
equivalent consumption minimization strategy 
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designed for charge maintenance mode to achieve 
near-optimal fuel economy without the need to 
predict future driver demand. Because no prediction 
is needed, the intensive calculation of finding the 
optimal control within the prediction range can be 
eliminated. However, in the actual running process 
of the vehicle, it is more difficult to implement [8].  

Mansour (2016) studied a rule-based energy 
management strategy method that immediately 
optimizes fuel consumption without considering the 
upcoming driving mode of a given route 
arrangement. First, this method operated the vehicle 
in electric mode within a predetermined full electric 
range; then, it operated the vehicle in charge 
maintenance mode, but its actual operation results 
showed that the energy consumption was not 
optimal [9].  

At present, the assembly technology, system 
scheme design, and control technology of HEV are 
becoming mature, but the research is getting deeper. 
However, there is still a lack of comprehensive and 
in-depth research on energy-saving analysis 
methods for hybrid power systems. 

Therefore, this study proposes a HEV energy-
saving control strategy based on genetic algorithms 
to improve the problems of high energy 
consumption and high emissions of traditional 
vehicles. Considering the situation in which the 
operating conditions of the HEV are constantly 
changing and the generator and the generator power 
system are constantly alternating, the model of the 
regenerative braking control strategy, the 
comprehensive torque control strategy, and the 

genetic algorithm-based optimized method are 
investigated comprehensively. This method achieves 
the goal of energy conservation and emission 
reduction and improves the performance of 
independently developed HEV.  

It is of great practical significance and theoretical 
value to promote the further development of HEV 
products. 
 

2. Methods 
2.1 Regenerative braking energy control 
strategy model 
 

Compared with traditional internal combustion 
engine vehicles, the biggest advantage of HEV is the 
energy regenerative braking system, which includes 
a generator, a battery that is compatible with the 
vehicle model, and an intelligent battery 
management system that can monitor the battery 
power.  

The excess energy released during braking or 
coasting is recovered and converted into electrical 
energy by a generator, which is then stored in a 
battery for subsequent acceleration. Studies have 
shown that under urban operating conditions, 
approximately half of the energy consumed during 
deceleration braking is used. When a HEV is 
decelerated and braked, most of the energy 
consumed in this process can be recovered by 
reversing the generator and the motor.  

The flow of this energy recovery model is shown 
in Figure 1 [10]: 
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Figure 1:  Brake energy recovery mode 
 

ADVISOR is an advanced vehicle simulation 
software developed by the National Renewable 
Energy Laboratory (NREL) in the MATLAB and 
SIMULINK software environments [11]. This 
software can make a comprehensive analysis of the 
various performances of traditional internal 
combustion engine vehicles, HEVs, and BEVs. Many 
companies and researchers are using this software 
to conduct automotive simulation research. 
Therefore, in this study, ADVISOR software is used to 
establish a regenerative braking energy control 
strategy. Under the premise of ensuring the braking 
safety of the vehicle, it achieves efficient and rapid 
braking, as well as maximizing the possibility of 
recovering braking energy. 

The original control strategy in the ADVISOR 
software is to recover the braking energy of a HEV 
through different vehicle speeds during driving and 
different distribution ratios of braking capacity of 
the front and rear wheels. In ADVISOR software, the 
actual operation of the vehicle is simulated, and the 
total braking force is set on the premise of ensuring 
safety. Before setting the braking force, first, the 
friction braking force of the front wheel is set to Ff, 
and its proportion of the total braking force F is α. 
Then, the regenerative braking force of the generator 
recovered energy is set to F1, and its proportion of 
the total braking force F is β. The braking force Fr of 
the rear wheel can be obtained based on the braking 
force of the front wheel and the regenerative braking 
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force recovered by the generator. Therefore, the 
equations for calculating the magnitude of the front 
and rear wheels and the regenerative braking force 
are: 

                                                                     (1) 

                                                                     (2) 

                                                 (3) 

Under the premise of vehicle safety during 
driving, this study aims at reducing energy 
consumption and vehicle exhaust emissions, as well 
as improving the air environment. Based on the 
original control strategy in ADVISOR software, a new 
control strategy for automobile braking energy 
recovery is established. When the vehicle is braking, 
the braking energy of the front and rear wheels is 
different, and the braking energy of the recovered 
energy is also different. It is specifically divided into 
the following cases: 

(1) When the braking strength is less than 0.18, 
the braking force is completely formed by the 
reverse rotation of the motor. There is no 
mechanical braking. At the same time, most of the 
energy generated during braking is recovered by 
generating electricity, and the power is converted by 
the power converter and stored in the battery. At 
this time, the braking forces of the front and rear 
wheels are: 

                                                                       (4) 

                                                                              (5) 

Where: m is the mass of the vehicle, g is the 
acceleration of gravity, and z is the braking strength. 
At this time, the braking force of the rear wheels is 0. 

(2) When the braking force is between 0.18 and 
0.2, it is provided by the motor and the engine at the 
same time. Meanwhile, the mechanical braking 
energy generated by the engine cannot be recovered, 
and only part of the braking energy generated by the 
motor can be recovered. At this time, the braking 
forces of the front and rear wheels are: 

                                                              (6) 

                                                             (7) 

(3) When the braking strength is 0.2 to 0.5, it is 
necessary to consider not only energy recovery but 
also the safety of the vehicle during operation. At this 
time, the braking forces of the front and rear wheels 
are: 

                                                              (8) 

                                                             (9) 

(4) When the braking strength is 0.5 to 0.57, as 
the braking force gradually increases, the risk of the 
vehicle running is also higher. To ensure the safety of 
the vehicle running, the braking force of the rear 
wheels will be increased. At this time, the braking 
forces of the front and rear wheels are: 

                                                            (10) 

                                                (11) 

In Equations (10) to (11), L is the wheelbase of 
the vehicle, h is the height of the center of mass from 
the ground, and a is the distance from the centroid to 
the rear axle. 

(5) When the braking strength is 0.57 to 0.8, as 
the braking strength is further increased, the braking 
force is almost entirely provided by the mechanical 
energy of the engine. At this time, the braking forces 
of the front and rear wheels are: 

                                                          (12) 

                                                           (13) 

According to the above regenerative braking 
energy recovery control strategies, based on the 
regulations of the Economic Commission of Europe 
(ECE) [12], a new regenerative braking control 
strategy model is built. In addition, the newly built 
model is verified in ADVISOR, and initial parameters 
are set. The fuel consumption, exhaust emissions, 
SOC value, distance traveled, and the energy 
recovery rate in the process are compared to 
evaluate the efficiency of the model. 
 

2.2 Comprehensive torque control strategy 
model 
 

Stateflow is a graphical tool for finite state 
machines based on the theory of finite state 
machines. It can be directly embedded in Simulink 
simulation models to solve very complex logic 
problems. Users can use graphical tools to achieve 
the transition between different states. When 
Stateflow solves logical problems, there are two 
different elements. One is a collection of systems that 
includes all different states, and the other is the 
factors that cause these different states to switch to 
each other. These factors are collectively called state 
transition events [13]. HEVs generally include six 
different operating states. When performing 
simulation in the Simulink system, it is necessary to 
first design the parameters of the six different states 
and the conditions for transition between states to 
draw a logic diagram and verify the simulation 
results. 

The above energy recovery control strategy has 
certain energy conservation and emission reduction 
effects. However, the effect is not very obvious.  

Therefore, this study takes the new braking 
energy recovery strategy as the basis, targets energy 
conservation and emission reduction, and builds an 
algorithm for further improving and optimizing 
regenerative braking energy recovery by using 
Stateflow. Based on the state classification of the 
hybrid system, a comprehensive torque control 
strategy is proposed and introduced into the 
ADVISOR software for simulation verification.  

First, the HEV is used as the basis to design six 
different operating states, as well as the factors that 
cause switching between these six states. Based on 
this premise, a comprehensive torque control 
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strategy is established. The specific policy rules are: 
when the SOC value is greater than the maximum 
SOCmax, the power is completely provided by the 
motor; when the SOC value is greater than the 
minimum SOCmin and less than the maximum SOCmax, 
the engine switch is determined by the state of the 

SOC value; when the SOC value is less than SOCmin, 
the power torque is provided by the engine; at the 
same time, the battery is charged by recovering 
energy from the motor.  

The rules of the comprehensive torque control 
strategy are shown in Table 1: 

 
Table 1. Rules of comprehensive torque control strategy 

T SOC ≥ SOCmax SOCmin ≤ SOC ≤ SOCmax SOC ≤ SOCmin 

Tr ≤ 0  A = 0, Te = 0  

Tr ≥ Tmax  A = 1, Te = Tmax  

Tr ≤ Tmax  A = 1, Te = T2  

T1 ≥ T2  A = 0, Te = 0 A = 1, Te = T1 

T1 ≤ T2  A = 1, Te = T2 A = 1, Te = T2 

T2 ≥ T3 A = 1, Te = Tr   

T2 ≤ T3 A = 0, Te = 0   

 
In Table 1, Tr is the requested torque of the entire 

vehicle, T1 is the minimum engine shutdown torque, 
T2 is the sum of the requested torque of the entire 
vehicle and the battery charging torque, T3 is the 
maximum envelope torque of the engine (when SOC 
> SOCmin), Tmax is the maximum torque that the 
engine can provide, Te is the engine output torque, A 
is the critical value when the engine switch is on, the 
engine is off when A = 0, and A = 1 indicates that the 
engine is on. 

According to Table 1, a comprehensive torque 
control strategy model is established based on 
Stateflow, which is carried out in the ADVISOR 
software. UDDS is selected as the cycle condition. Six 
different states and transition conditions between 
states are used as parameters. The model is built in 
the Simulink simulation model, and the model is 
verified.  

The simulation results are compared with the 
simulation results of the braking energy recovery 
control strategy model in the previous section. 

 

2.3 Optimization of control strategy based 
on genetic algorithm 

 
Based on the above two control strategies, this 

study optimizes them through genetic algorithms to 
improve the driving performance of HEV, as well as 
the effects of energy conservation and emission 
reduction during operation.  

Genetic algorithm is one of the optimization 
algorithms commonly used by researchers. It is a 
calculation method that simulates Darwin’s theory of 
evolution and genetics. The algorithm has the 
following characteristics [14]: 

(1) The genetic algorithm can select a group of 
candidate solutions that need to be optimized as a 
population and operate on each individual in the 
population; 

(2) For these candidate solutions, the genetic 
algorithm can select a suitable fitness function to 

evaluate these individuals, and the selection and 
fitness function are more flexible; 

(3) Genetic algorithms can perform unique 
selection, mutation, and crossover operations on 
these individuals; 

(4) The genetic algorithm has a wide range of 
adaptability and can be combined with other 
algorithms to improve the optimization effect. 

The specific operation steps of the genetic 
algorithm are shown in Figure 2: 
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Figure 3: Operation steps of genetic algorithm 

 
As shown in the calculation steps in Figure 2, the 

genetic algorithm starts from a population. Different 
individuals in the population have corresponding 
coding genes. Different coding genes are arranged 
and combined into different populations. According 
to the rules of survival of the fittest, each generation 
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of individuals is selected. The fitness function is used 
to select suitable individuals, and new individuals 
are generated as the next-generation population 
through mutation and crossover. New populations 
that meet the standards are generated. Finally, the 
results are output to complete the optimization. In 
this process, if after selection, mutation, and cross 
rules, the individuals still fail to meet the standards, 
the process will be cycled until the standards are 
met. 

The optimization variables selected in this study 
are the gear ratios of the transmissions that change 
the braking force and the gear ratio of the main 
reducer. The design idea is: 

    (14) 

In the above matrix,  is the gear ratio of the 

reducer,  is the gear ratio of each gear of the 

transmission, n is the number of gears of the 
transmission, and T is the vehicle torque. 

The key in the genetic algorithm is the fitness 
function. The individual of the population is 
evaluated according to the fitness function. The 
greater the fitness is, the higher the probability of 
survival is. Thus, the individual will be selected as 
the basis for the optimization of the genetic 
algorithm. In ADVISOR software, specific power 
system evaluation indicators are set during the 
driving process of the vehicle, such as driving speed, 
specific acceleration at a certain moment, and 
vehicle climbing, as well as the exhaust emissions of 
vehicle operation, including CO, HC, and NOx. When 
these indicators are optimized by using genetic 
algorithms, it is difficult to calculate the gradient and 
acceleration from the individual fitness function of 
the initial population. Therefore, in this study, the 
maximum driving speed of the vehicle is used as a 
constraint function, and the fuel consumption per 
hundred kilometers f1 (x1) and the total exhaust 
emissions f2 (x2) (E = EHC + ECO + ENOx + EPM) are the 
optimization objectives. Based on the weight 
coefficient method, f1 (x1), f2 (x2) (E = EHC + ECO + ENOx 
+ EPM) are combined into a single objective function, 
which is expressed as: 

                                  (15) 

                                                                     (16) 

                                                              (17) 

In Equations (17)-(19), i = 1, 2, ..., n,  is the 

synthetic objective function,  is the fitness 

function constraint;  is the search range of the 

optimized parameters, n = 8 in this study;  and  

are the limit values of  when the genetic algorithm 

seeks the optimal solution. 
The process of vehicle braking is continuous; 

therefore, the transmission ratio of each unit needs 

to be allocated in a certain proportion. This study 
uses the penalty function to add an obstacle function 
to the original fitness function, thereby obtaining an 
augmented objective function, assigning a maximum 
value to the infeasible point, and converting the 
linear constraint optimization problem into an 
unconstrained optimization problem to improve the 
original fitness function. The specific algorithm is: 

                              (18) 

               (19) 

In Equations (20)-(21),  is the original 

fitness function,  is the augmented objective 

function,  is the constraint condition, and α is 

the penalty factor. According to the constraints, 
individuals in the population are calculated one by 
one to select the best individual. When searching to 
infeasible points, the objective function becomes 
larger, and it turns out that the farther away from 
the constraint condition is, the larger the penalty 
function is. This rule will bring the algorithm closer 
to the optimal solution that meets the conditions to 
find the optimal solution set. 

Generally, in the process of using genetic 
algorithms to solve different population optimization 
problems, the basic parameters of genetic algorithms 
are also different.  

In this study, the basic parameters used are 
shown in Table 2: 

 
Table 2.Operation parameters of genetic algorithm 

Operation parameter name Parameter 
value 

Population size 30 
Maximum iterative algebra 50 

Number of variables 6 
Coding length 25 

Crossover probability 0.7 
Mutation probability 0.01 

 
According to the main parameters of the above 

genetic algorithm, the control strategy model built in 
this study is optimized offline. Under this parameter 
condition, the optimal solution is found globally. As 
the number of genetic spies increases, objective 
function F_objv (x) becomes smaller. After 50 
generations, the change of F_objv (x) has stabilized 
and reached the goal of optimization; thus, the 
optimization ends. 

 

3. Results and Discussions 
3.1 Simulation analysis results of 
regenerative braking control strategy model 

 
To verify the effectiveness of the regenerative 

braking control strategy proposed in this study, the 
new braking energy control strategy model and the 
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original control strategy model in ADVISOR are 
simulated and analyzed. The basic parameters of the 
two models, such as energy recovery efficiency and 
exhaust gas, are analyzed. Emissions such as HC, CO, 

and NOx, and the driving distance per gallon of fuel 
are simulated and compared.  

The results obtained are shown in Table 3 and 
Figure 3. 

 
Table 3. Comparison of simulation results of two braking energy recovery control strategy models 

Control strategy 
Energy recovery 

rate 
Mile 

HC 
(grams/km) 

CO 
(grams/km) 

NOx 

(grams/km) 
New braking energy 

control strategy 
96.4% 43.7 0.502 2.181 0.385 

ADVISOR original control 
strategy 

62.8% 40.8 0.511 2.207 0.401 

 
According to Table 3, compared with the original 

control strategy in ADVISOR, the new energy braking 
recovery strategy increases the energy recovery rate 
by 34.9% and the driving distance per gallon of fuel 
by 6.6%.  

In addition, the SOC value is decreased by 22.2%, 
the exhaust emissions, such as HC, CO, and NOx, are 
reduced by 1.7%, 1.2%, and 4.0%, respectively. 
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Figure 3:  Change curve of SOC value of two braking 

energy control strategy models 
 

As shown in Figure 3, the change trend of the SOC 
value under the two control strategies is decreasing. 
Generally, the trend of the curve is descending.  

However, the new energy recovery control 
strategy has a lower degree of decline than the 
original control strategy, which indicates that more 
energy is recovered during the new strategy process 
than the original strategy. At about 300 s and 600 s, 
both curves have a slight rise. These two slight rises 
represent the process of braking energy recovery.  

As shown in the above data, the new braking 
energy recovery strategy proposed in this study is 
longer at the same fuel than the original strategy, 
and the more braking energy is recovered.  

The recovered braking energy is stored in the 
battery by the motor for charging; therefore, the 
decline curve of the SOC value is smoother than the 
original strategy. Then, this part of energy is 
converted into the driving force of the vehicle when 
the motor is turned on. Generally, the energy 
recovery control model established in this study 

improves the driving performance of hybrid vehicles, 
reduces the fuel consumption and exhaust 
emissions, and contributes to solve the 
environmental problems. 

 

3.2 Simulation analysis results of 
comprehensive torque control strategy 
model 

 
In ADVISOR software, the comprehensive torque 

control strategy model is simulated and verified. 
Meanwhile, the simulation results are compared 
with the basic parameters of the new braking energy 
recovery control strategy model, such as vehicle 
speed, SOC value, exhaust emissions including HC, 
CO, and NOx, and fuel consumption per hundred 
kilometers.  

The simulation results are compared and 
analyzed, as shown in Figure 4, Figure 5, and Table 4. 
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Figure 4: Speed comparison of two control strategy 

models under UDDS cycling conditions 
 

According to Figure 4, the integrated torque 
control strategy and the regenerative braking 
control strategy are in good agreement with the 
vehicle speed under UDDS simulation conditions, 
indicating that the vehicle dynamics under these two 
strategies has a higher level.  

Therefore, the HEV control strategy designed and 
proposed in this study meets the basic requirements 
and will not reduce the practical performance of the 
vehicle. 
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Figure 5: Change curve of SOC value of two control 

strategy models 
 

According to Figure 5, both control strategies can 
make the battery SOC value more stable and can 
meet the power requirements of the vehicle during 
operation.  

However, by using the comprehensive torque 
control strategy under the UDDS cycling conditions, 
the decrease of SOC value is lower than the 
regenerative braking control strategy, which shows 
that the optimized energy recovery control strategy 
can recover more energy when the car is braking, 
store the energy in the battery, and convert the 
energy into vehicle power.  

Therefore, the proposed strategy fully utilizes the 
energy and reduces power consumption. 

Table 4. Comparison of simulation results of two control strategy models 

Control strategy 
Oil consumption 

(L/100 km) 
HC 

(grams/km) 
CO 

(grams/km) 
NOx 

(grams/km) 

New braking energy control strategy 6.1 0.342 1.373 0.272 

Integrated torque control strategy 5.4 0.319 1.558 0.238 

 
As shown in Table 4, compared with the 

regenerative braking energy recovery control 
strategy, the comprehensive torque control strategy 
reduces the fuel consumption per hundred 
kilometers of the vehicle to 5.4, decreases the 
hydrocarbon HC emission to 0.319, increases the CO 
emission to 1.558, and reduces the NOx emissions to 
0.238.  

As shown in the above data, this strategy saves 
energy, reduces exhaust emissions, and improves the 
air environment.  

Therefore, the control strategy established in this 
study is feasible.  

Compared with the regenerative braking energy 
recovery control strategy, the effect of energy 
conservation and emission reduction has been 
greatly improved. 

 

3.3 Optimization results of genetic algorithm 
 
According to the main parameters of the genetic 

algorithm, the control strategy model proposed in 
this study is optimized offline in ADVISOR software 
and simulated under UDDS conditions.  

The results of the analysis after the optimization 
are shown in Figure 6 and Figure 7: 
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Figure 6:  Comparison of vehicle emissions before and after optimization 
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 Figure 7:  Comparison of fuel consumption before and after optimization 

 
As shown in Figures 6 and 7, after the control 

strategy model proposed in this study is optimized 
by genetic algorithms, the fuel consumption per 
hundred kilometers of the vehicle has decreased by 
4.6%, and the emissions of all exhaust gases, 
including HC, CO, and NOx, have decreased by 2%.  

This model greatly reduces fuel consumption, 
improves economic performance, and reduces the 
pollution of the environment, which is in line with 
the concept of sustainable development.  

The results of simulation experiments in this 
study have proven that by comparing the fuel 
consumption and exhaust emissions before and after 
optimization, the performance of the regeneration 
control strategy model is significantly better than the 
original control strategy of ADVISOR, and the 
performance of the control strategy optimized by the 
genetic algorithm has been further improved.  

Therefore, the genetic algorithm in this study has 
a better effect on the optimization of the HEV energy 
recovery control strategy model, which can greatly 
reduce the fuel consumption of automobiles and 
reduce the emission of exhaust gas. 

 

4. Conclusions 
 

Based on ADVISOR software, this study builds a 
braking energy recovery control strategy model for 
HEV and conducts secondary development and 
verification in ADVISOR software.  

Then, by using the Stateflow finite machine 
theory and Simulink system simulation software, a 
comprehensive torque control strategy model is 
built and verified by simulation.  

Finally, based on these two control strategy 
models, a genetic algorithm with an improved 
penalty function is used to optimize the transmission 
ratio of each transmission gear of the parallel HEV 
transmission.  

The results show that HEV combines motor 
battery drive with internal combustion engine drive 
technology, recovers the energy in the braking 

process, converts this part of the energy into 
electrical energy through the motor, and stores the 
energy in the battery. Then, by building an energy 
recovery control strategy model and its optimization 
method, this study significantly reduces the energy 
consumption and exhaust emissions, which makes 
certain contribution to the world energy crisis. 
However, the research process in this study still has 
certain limitations.  

The optimization performed in this study is 
offline optimization and has not been applied in 
practice. The actual production and usability are not 
yet known. Therefore, both technology and cost need 
to be considered in the subsequent study.  
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