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Abstract: This Dissertation is dedicated to Optimal Energy 

– Management by Control of Hybrid Electric Vehicles. 

Hybridizing automotive drive trains, or using more than 

one type of energy converter, are considered an important 

step toward very low pollutant emission and high fuel 

economy. The automotive industry and governments in the 

United States, Europe, and Japan have formed strategic 

initiatives with the aim of cooperating in the development of 

new vehicle technologies. Control strategies for hybrid-

electric vehicles generally target several simultaneous 

objectives. The primary one is the minimization of the 

vehicle fuel consumption, while also attempting to minimize 

emissions and to maintain or enhance drivability. Hybrid 

electric vehicle improvements in fuel economy and 

emissions strongly depend on the energy management 

strategy. The Simulation results of MATLAB/SIMULINK 

model indicate the performance of the proposed control 

system as well as the precision of the proposed model. 

Key Words: Hybrid electric vehicle, power management 

strategy, power train control. 

 

I. INTRODUCTION 
Nowadays, most of industrial and peoples good 

transportation are done by using heavy trucks due to that high 

fuel consumption. Due to that high fuel losses, energy losses 

and as well as pollution is done. Nowfor this reason a new 

family has emerged as a solution of this is done by using 

hybrid electric vehicles [1]-[18]. Hybrid electric vehicles are 

combination of mechanical and electrical system. In this 

system or May call vehicles wheel is drive either converting 

all source to mechanical or electrical [4]. Hybrid electric 

vehicles have existed since before 1900 [18]. Hybrid electric 

vehicles has widely research last 15 to 20 year due to crises 
of non renewable sources also it provide improve of 

efficiency and reduced pollution. Hybrid electric vehicles 

recently finding that mechanical system convert mechanics 

energy into electric and by this energy using motor is drive 

wheel [18]. Now day meanly three type hybrid vehicles are 

consider and those three are 1) parallel hybrid electric 

vehicles 2) series hybrid electric vehicles 3) series-parallel 

hybrid electric vehicles [5]. In hybrid electric vehicles 

advancement is done in resent 10 to 15 year using of latest 

control system. In hybrid electric vehicle fuzzy logic rule 

base control is introduced in year 2000 for parallel hybrid 

vehicles [5]. In year 2002 series hybrid electric vehicle 
electric generation is control by algorithmic method [8]. HEV 

also control using powertrain control in simulink. The 

problem of powertrain control has been outlined above. For  

 

real time control, it has to be solved "online" at every point 

of time during the operation[9]. Now a latest control 

techniques of controlling of HEV is genetic algorithm, 

dynamic programmed, numerical methods etc are apply on 

HEV control [1][2][3][4].    

 

A. Hybrid Electrical Vehicles 

What is a hybrid? A hybrid vehicle combines any two power 

(energy) sources. Possible combinations include 

diesel/electric, gasoline/fly wheel, and fuel cell (FC)/battery. 
Typically, one energy source is storage, and the other is 

conversion of a fuel to energy. The combination of two 

power sources may support two separate propulsion systems. 

Thus to be a True hybrid, the vehicle must have at least two 

modes of propulsion.For example, a truck that uses a diesel 

to drive a generator, which in turn drives several electrical 

motors for all-wheel drive, is not a hybrid. But if the truck 

haselectrical energy storage to provide a second mode, which 

is electrical assists, then it is a hybrid Vehicle.These two 

power sources may be paired in series, meaning that the gas 

engine charges the batteries of an electric motor that powers 

the car, or in parallel, with both mechanisms driving the car 
directly[19]. In internal-combustion-engine (ICE) systems, 

the mechanical power needed to drive the vehicle is provided 

by the engine, whereas in HEVs, an engine and additional 

energy source (usually, an electric motor fed by an 

electrochemical battery) combine their output power. How 

the power split is to be made during vehicle operation 

comprises a new control task, which is often referred to as 

the supervisory control or energy management problem. 

Hybrid electric vehicles are achieved or obtain its desired 

goal without compromising of its driving condition. In 

hybrid vehicles control of energy split is too difficult to 
control. Hear energy split is achieved in between electrical 

and mechanical source. Compared to conventional ICE 

systems, a hybrid propulsion system can save fuel for the 

following reasons: an HEV can recover part of the vehicle’s 

kinetic energy while braking and use this energy at a later 

time; an HEV can shut down the ICE during idling and low-

load phases without compromising the drive ability of the 

vehicle due to the high bandwidth of the electrically 

generated torque; an HEV can avoid low efficiency operating 

points of the ICE by first storing excess power in the 

batteries and later driving the vehicle in an electric-only 

mode; and, since the electric motor can provide some of the 
torque during short acceleration phases, the ICE in an HEV 

can be designed with a smaller displacement and, thus, a 

better average efficiency. In hybrid electric vehicles an 
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electrical system contains a following things 1) battery 2) dc 

to ac convertor 3)motor. Hear battery provide a dc current to 

dc to ac convertor its drive motor. In HEV battery is recharge 

at driving by regenerative braking also it can recharge in 
some case using of ICE mechanical energy it convert in dc 

electrical energy and battery charge.  
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Fig. 1 Basic diagram of parallel Hybrid electric vehicle. 

 

B. According to the method of energy sources are arranged. 

1. Series HEV 

A schematic picture for a series hybrid configuration is 

shown in Fig. 4.1. The power summation node, is an 

electrical summation node, i.e. power summation is obtained 

by addition of the electric power from generator and the 
electric storage.  
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Figure 2.Schematic representation of a series hybrid 

configuration. 

Show below given fig 4.2 is schematic representation of 

series hybrid electrical vehicles with the energy flow and 

control signal. This figure is give brief overview of series 

hybrid electric vehicles. Hear a series hybrid there is a single 

path to power the wheels of the vehicle, but two energy 

sources. As shown in figure 4.22, the ICE feeds an engine 

which is coupled to a generator to charge the battery which 

provides electrical energy to a motor/generator to power the 

wheels used to recharge the battery during deceleration and 

braking. 
The series hybrid can operate in the following seven modes: 

Engine only traction 

Electric only traction 

Engine traction and battery charge 

Battery charging and no traction 

Regenerating braking 

Hybrid battery charging 

 

2. Parallel Hybrid Electric Vehicle 

Figure 4.3 presents a block diagram of a Parallel Hybrid 

Vehicle (PHV) with an electric motor (EM) and an internal 

combustion engine (ICE). There are 5 different ways to 

operate the system, depending on the flow of power: 1) 

provide power to the wheels with only the ICE; 2) only the 
EM; or 3) both the ICE and the EM simultaneously; 4) 

charge the battery,using part of the ICE power to drive the 

EM as a generator(the other part of ICE power is used to 

drive the wheels); 5)slow down the vehicle by letting the 

wheels drive the EMas a generator that provides power to the 

battery(regenerative braking). 

 
Fig. 3.Basic diagram of parallel Hybrid electric vehicle. 

Also hear below show the parallel hybrid electric vehicles 

with control signals, torque and power flow of the PHEV. IN 

this figure 4.4 PHEV; there are two parallel paths to power 

the wheels of the vehicle: an engine path and an electrical 

path, as shown in figure 4.4. The transmission couples the 

motor/generator and the engine, allowing either, or both, to 

power wheels. Control of PHEV is much more complex that 

for a SHEV because of the need to efficiently couple the 

motor/generator and engine in a way that maintains drive 

ability and performance.   

The PHEV can operate in the following five modes: 

 Engine only traction 

 Electric only traction 

 Hybrid traction 

 Regenerative braking 

 Battery charging from the engine 
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B. Series - Parallel Hybrid Electric Vehicle 

In the series-parallel HEV has both series and parallel energy 

path. IN this HEV, a system of motor and/or generator that 

sometime includes a gearing or power split device couples 
allows the engine to recharge battery. Variations on this 

configuration can be very complex or simple, depending on 

the number of motors/generators and how they are used. 

These configurations can be classified as complex hybrid, 

split-parallel hybrid, or power-split hybrid.  

 

II. CONTROL STRATEGY OF HEV 

Hybrid electrical vehicle is one of nonlinear system in this 

system nonlinear problem solver is apply. In the nonlinear 

optimization problem can be carried out using nonlinear 

problem solvers. Controlling of hybrid electrical vehicle is 

difficult part in design of vehicle. In the HEV controlling of 
mechanical and electrical system is done by using modern 

control system. In HEV difficult to control power split in the 

two different systems. The problem is defined such that it can 

be easily incorporated into an optimization technique called 

Fuzzy logic control,Dynamic Programming (DP), Quadratic 

Programming and model predictive controletc. 

 

A. Fuzzy logic control [5] 

In energy management strategy, this is the philosophy behind 

the power controller. The energy in the system is managed in 

such a way that: driver inputs (from brake and accelerating 
pedals) are satisfied consistently (driving the HEV should not 

“feel” different from driving a conventional vehicle), battery 

is sufficiently charged at all times, and overall system 

efficiency of the four basic components (ICE, EM, battery, 

and transmission) is being optimized. That power controller 

has to determine how much power is needed to drive wheels, 

and how much charge battery.  

 

Then it should split the power between ICE and EM. If 

battery needs to be charged than negative power will be 

assigned to EM, and ICE will provide the power for both 
driving wheels and charging battery. Here below seen that 

figure 5.1 basic block diagram of power control in HEV 

using fuzzy logic controller. Also in below figure a rule base 

of fuzzy logic is given. In the figure first block converts the 

driver inputs from the brake and accelerator pedals to a driver 

power command.  

 

The signals from the pedals are normalize to a value between 

zero and one (zero: pedal is not pressed, one: pedal fully 

pressed). The braking pedal signal is then subtracted from the 

accelerating pedal signal, so that the driver input takes a 

value between -1 and +1. The driver power command is the 
positive part of the driver input is multiplied by the 

maximum available power (ICE and EM added). This way 

the complete range of power is available to the driver at all 

times. 
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Fig. 5.Simplified block diagram of power control using fuzzy 

controller 

 

Rule base of fuzzy logic controller : 

If SOC is too high then Pgen is 0 kW 

If SOC is normal and Pdriver is normal and wEM is optimal 

then Pgen is 10 kW 

If SOC is normal and wEM is not optimal then Pgen is 0 kW 
If SOC is low and Pdriveris normal and wEM is low then 

Pgen is 5 kW 

If SOC is low and Pdriver is normal and wEMis not low then 

Pgen is 15 kW 

If SOC is too low then Pgen is Pgen, max 

If SOC is too low then scale factor is 0 

If SOC is not too low and Pdriver is high then Pgen is 0 kW 

If SOC is not too low then scale factor is 1 

 

B. Dynamic programming 

Hear many approaches that can be used to determine the 
maximum fuel economy those can be obtained by a 

particular vehicle over a particular drive cycle. Most 

common approach is to select a control law and then 

optimize that control law for the system. Other techniques 

search through control law architectures and control 

parameters simultaneously. Since these techniques select a 

control law before beginning the optimization, the minimum 

fuel economy found is always a function of the control law. 

This leaves open the question of whether selection of a better 

control law could have resulted in better fuel economy. This 

approach presented here finds the minimum fuel 
consumption of the vehicle independent of any control law. 

For the reason that a control law is not part of the 

optimization, the fuel economy found is the best possible. It 

is no causal in that it finds the minimum fuel consumption 

using knowledge of future power demands and past power 

demands. So it represents a limit of performance of a causal 

control law. Still, since the problem is formulated as a 

convex problem and then a linear program, the minimum 

fuel consumption calculated is definite to be the global 

minimum solution. The discussion that follows details: 

1. The formulation of the fuel economy minimization 

problem as a curved problem. 
2. The reduction of this curved problem to a linear program. 
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3. Solution of the linear program to find the least amount fuel 

consumption. 

 
Figure 6: Basic block of SHVE for DP [4] 

Converse to rule-based algorithms, the dynamic optimization 

approach relies on a dynamic model to compute the finest 

control approach. For a given driving cycle, the optimal 

operating approach to minimize fuel consumption, or mutual 

fuel consumption/ emissions can be obtained. A numerical-

based DP comes up to be adopted in this paper to solve this 
finite horizon dynamic optimization problem. In the above 

figure 5.2 basic block diagram of SHEV. Hear all part give 

with its dynamics equation or its performance equation. This 

equation and performing characteristic equation in state space 

diagram and it’s solve making a algorithm of dynamic 

equation and over all make a dynamic programming of this 

simple diagram. 

 

III. SIMULATION AND RESULT. 

Simulink model, result and analysis of hybrid electrical 

vehicle and its sub system. 

 
Figure 7.Simulation mode of electric subsystem in HEV 

 

 

 
Figure 8.Simulation mode of DC to DC convertor in HEV 

 

Figure 9.Simulation mode of Motor control system in HEV 

 
Figure 10.Graph of output Torque v/s Time 
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Figure 10.Graph of output Speed v/s Time 

 

 
Figure 11.Graph of output Power v/s Time 

 

 
Figure 12.Graph of output Current v/s Time 

 

 
Figure 13.Graph of output Voltage v/s Time 

 

IV. CONCLUSION 

On this literature survey seen that among all control strategy 

of Hybrid Electric Vehicles parallel operation of electrical & 

mechanical system is reliable, economical and easy to 
operate and control. On this literature survey I conclude that 

by using Hybrid Electric Vehicles  reduce the pollution and 

reduce the use of non renewable  energy source.Also I see 

that also increase efficiency  of the vehicles. After reading of 

general and studying a paper or literature find that 15 to 20 

% fuel consumption is less in HEV also without compromise 

its driving condition. After study all control system among 

all a dynamic programming is easy and efficient methods of 

among all. 
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