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Abstract— There is need of exploring the knowledge 

about energy management system which is used in HEV to 

enhance its performance and meet the demand of driver and 

vehicle also reduces pollution, fuel depletion and carbon 

emission. Also in order to provide better efficiency, power 

management system plays a important role in HEV 

operation. Several power management techniques are 

available for real time application and can provide better 

efficiency for different driving condition. Rule based 

methods and Optimization based methods focused here. In 

rule-based methods, methods are easily implemented and are 

very simple in real time but cannot provide best of optimality 

whereas in optimized based methods, it can provide better 

results but at high cost of high computational requirements 

and price. Thus, in this review- based paper we will brief 

about the latest trend of EMS and power system 

requirement that are based upon rule based and 

optimization based and will highlight on pros and cons.. 

Another method is Pontryagin's Minimum Principle (PMP) 

which research the intent of the driver and the operation 

state identification of HEV based on Markov theory, in full 

consideration of the people-vehicle-road influence on power 

management system and problem of optimum solution in 

power management in case of variation of real operating 

problem is eliminated. 

 

Index Terms- Hybrid electric vehicle(HEV), Energy 

Management System (EMS), Pontryagin’s Minimum 

Principle (PMP), rule based and optimization based. 

 

I. INTRODUCTION 

    In transportation, hybrid electric vehicles (HEV) 

represent a significant step towards reducing dependency 

on depleting fossil fuels. Hybrid vehicles are the ones with 

more than one type of power plant which supplies energy 

to the vehicle. The power distribution is needed during the 

driving operation, so the energy management strategy 

used that directly affects its performance. In public 

transportation system bus lines are relatively fixed and it 

starts and stops frequently. Hybrid bus can avoid frequent 

start and stop and reduce the idling driving condition of 

vehicle, so the study of energy management strategy can  
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obtain good control effect, carrying out relevant research 

has positive significance and practical application value. 

A mathematical problem is made with respect to input and 

outputs with power management constraints [1]-[5]. 

 

HEV consists of engine system, electric drive system, 

chassis, body, electric equipment and so on. Compared 

with traditional cars, the biggest difference between them 

is the driving system, secondly is the difference of the 

auxiliary system caused by different driving system. The 

driving system of HEV is composed of engine system, 

driver motor system, motor speed, control device, power 

source and so on, and the energy of motor comes from the 

battery. 

 

II. ENERGY MANAGEMENT PRINCIPLE AND POWER 

SYSTEM OF HEV  

HEV can be classified into two manners-  

(1) Power-driven connection   

(2) Degree of hybridization.  

Diving mode can be divided into series, parallel, 

parallel-series  and according to degree of hybridization  it 

can be differentiate in micro hybrid, medium hybrid, strong 

hybrid and Plug-in. The schematic diagram of parallel-serial 

HEV power system is shown in Figure 1. 

    

 
Fig.1 Schematic block diagram of HEV 

 

According to the current driving intention, battery, motor 

and engine parameters, vehicle acceleration, deceleration, 

braking, battery pack temperature, voltage, current and 
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SOC and the mathematical model of energy management 

problems such as performance index, state of SOC and 
power constraint is established. Traditional energy 

management control uses energy management control 

strategy to select the working mode and coordinate the 

work of each component.  

 

III. RESEARCH BASED ON REVIEW 

Energy management strategies are rules based and 

optimization based. Rule- based is to preset the logic rules 

like vehicle parameters and adjust the working state of 

each component of HEV to improve the whole 

performance of the vehicle [10]. This control algorithm is 

easy to implement and has good stability, and is the 

earliest control method used in HEV. The logic rules can 

be divided into deterministic rules and fuzzy logic rules. 

Because the essence of it depends on empirical rules, and 

the control accuracy cannot be guaranteed in practical 

application [11]-[14]. 

 
Fig.2 Categorization of HEV Control Strategies 

 

Energy management strategy based on optimization can 

be divided into…. 

 

1) Equivalent Consumption Minimization Strategies 

(ECMS)  

2) Adaptive Dynamic Programming (ADP) 

3) Extremum Seeking (ES) 

4) Robust Control (RC) 

 

 

A) ECMS 

 

ECMS (Equivalent cost minimization strategy) 

method used equal factors to transfer the electric energy 

depletion to fuel usage but the estimation of equivalent 

factors is critical.  In the old model of ECMS, power train 

components have constant efficiencies but now it is 

dynamic. 

ECMS control strategy is used under the condition of 

vehicle performance constraints and calculate engine fuel 

consumption and motor power consumption at every 

instantaneous moment of the vehicle driving process. 

Disadvantages of this method are multiple calculations 

needed, real-time performance is poor, and adaptability to 

dynamic variation is poor and lack of theoretical basis for 

the determination of control parameters [2]-[4]. Recently 

intelligent algorithms are used to the energy management 

strategy of HEV, which can optimize and improve 

traditional energy management strategies, but cannot 

fundamentally avoid the possibility of getting into local 

optimal. Also, the introduction of intelligent algorithms 

increases the optimization time, it is more difficult to 

apply in the actual operation of vehicles. 

 

B) ADP 

 

It simplified the system by reducing the 

computational load time in a dynamic problem and 

reconstructed version provides a near suboptimal solution 

yet it only performs better as compared to many real time 

methods. Another method known as iterative DP is used to 

determine the optimal strategies for upcoming iterations 

by using coarse grids for control and state vectors. By 

progressive iterations the grids are purified to achieve the 

global optimal in view to save the fuel at less calculations 

and reduced memory requirements. It is simple but the 

knowledge of driving cycle is required, even the changes 

in the traffic are to be noticed [12]. 

 

C) Extremum Seeking(ES) 

 

This method is not like one of classical control examples 

where formation doesn’t have stability defined in it. 

 

 
 

Fig.3 ES Scheme 

 

Based on restoring unknown plants with the use of 

periodic excitation inputs and also with the use of the 

system output we can examine the gradient and also, we 

can find out the minima/maxima at zero gradient 

locations. 

 

 As the figure 3 shows the method uses the disturbed 

sinusoidal signal (ωt) to get f(wt) which is a nonlinear 

system to measure an output .With the help of filter output 

is filtered and operated with sin signal to determine the 

static gradient of the plant and integrator is used [21]-[24]. 

 

D) Robust Control (RC) 

 

This method is applied to the system which has 

uncertainty, disturbing inputs, noisy measurement system 

to achieve stability and robustness in the system. Designed 

parameters provide desired outputs and sensitivity of the 
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system output that will get attenuated from the many 

effects coming from the unknown inputs. In this method 

the depletion of SOC in terms of electric and chemical 

energy and the power consumed is defined. When the 

input is described as electric power, the minimization 

problem can be designed by maintaining the input near to 

the demanded power. The results of this method are still 

inferior to the ECMS or Dynamic Programming approach. 

The main disadvantages are problem complexity is high 

results in incapability to find an desired solution at the 

time of peak [30]-[35]. 

 

E) PROBLEMS 

 

1) Contradiction between real-time and global optimum 

of energy management strategy of HEV control 

strategies. 

2) Power  management strategy is depend upon fuel 

consumption, carbon emission and driving cycle but 

control parameters are adjusted by actual working 

conditions to achieve global optimal control so as to 

improve the real-time and practicability of energy 

management strategy.  

3) The vehicle demand power is calculated according to 

actual working conditions, bus parameters and power 

train model so that the control strategy cannot achieve 

global optimal of energy management under the 

dynamic changes of the actual working conditions. 

 

 

IV. KEY TECHNOLOGY OF ENERGY MANAGEMET 

IN HEV 

A) Energy management strategy based on PMP  

 

 Russian mathematician “Pontryagin” and his students 

deduced the optimal control theory named Pontryagin's 

Minimum Principle in the 1950s; this principle has been 

widely used in various fields, and has been applied to the 

energy management strategy of HEV in the early 2000s. 

In order to make fuel economy performance of HEV reach 

the optimum value, scholars use Pontryagin's Minimum 

Principle (PMP) as the theoretical basis and manage the 

energy of HEV in a way that provides the necessary 

conditions for optimization in real time. This method has 

less calculation compared with DP and is suitable for 

real-time control [30]. PMP is a kind of local optimization 

theory, while it can get global optimization results under 

certain conditions.  

 

Based on PMP, global optimization is discussed to 

solve the drawback that traditional global optimization 

cannot be applied to reality. The selection of control 

parameters in PMP is another key problem in the 

application of energy management. The power 

distribution results between power sources are directly 

affected by control parameters, which would affect the 

ultimate power performance and economy. Determining 

factors affecting the initial value of control parameters are 

analyzed, and then the method of determining control 

parameters is proposed.  

Using the sum of fuel consumption at each moment as the 

performance index, using SOC of the battery as system the 

state variable and output power of generator set and 

battery pack as constraint conditions under the condition 

of keeping the battery balance, Vehicle demand power is 

corrected in real time and calculated power distributed 

between generator set and battery pack. The optimal 

solution is obtained using PMP, and the optimal control of 

energy management of hybrid buses is realized [25]. 

 

V. CONCLUSION 

 An energy management and supervisory control 

system (EMS) for a hybrid electric vehicle (HEV) is an 

essential component of HEV. In this paper Energy transfer 

mechanism of hybrid vehicle is deeply studied, and which 

can adapt for driving intention. Also the traditional energy 

management strategies are explained here. It provides a 

good theoretical basis for the key technology of HEV in 

China, Russia and it provides new technical aspects for 

energy management problems of HEV, and has massive 

technical significance. It is also observed that two major 

techniques are used for controlling the HEV operation 

rule based method and optimization based method. In this 

paper gave introduction to the new innovative trends in 

this field. For each method there were advantages and 

disadvantages highlighted. The optimization-based 

methods, real time techniques are extensive as it provides 

the nearest global optimal solution. 
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