
Chapter 1 

1.0 Introduction 

r r i he Oxford Dictionary explains the word "hybrid" as "the offspring of two plants or 

animals of different species or varieties" and as being "things composed of diverse 

elements." A Hybrid Electric Vehicle (HEV) can, thus, be seen as a mixture of an Internal 

Combustion Engine (ICE) powered automobile and an electric vehicle. 

As result of the endless interest of the society for improved fuel economy & reduced 

emission without sacrificing vehicle performance, safety, reliability, cost of ownership 

and other conventional vehicle attributes, Hybrid Technology came in to the world of 

automobiles, leaving lot of research topics to the researchers living all over the globe. The 

pressing environmental concerns and skyrocketing price of fuel oils are highly 

responsible factors for the rapid development of this technology within the past two 

decades. 

Hybrid Electric Vehicle has a great potential as new alternative means of transportation. 

The specific benefits of HEVs, compared to conventional vehicles, include improved fuel 

economy and reduced emissions. 

Two centuries ago, in 1881 the first electric vehicle (EV) was already in use by Gustave 

Trouve, shortly after Nikolaus August Otto invented the four-stroke internal combustion 

engine (ICE) in 1876. In 1902, the first Gasoline Electric Hybrid "Mixte" was built up as 

a range extender principle. The first manufacturer to market HEVs in any great volume 
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was Toyota by launching the Prius I in 1997. In 2010, HEV sales forecast is expected to 

be more than 800.000 units per year [1], nearly 40 times higher than today's figures. 

1.2. Motivation for HEVs 

Today's discussion about sustainable technologies concerning emission reduction, fuel 

saving potential and carbon dioxide reduction (C02) respectively, treats often two 

subjects: alternative fueled ICEs, especially compressed natural gas (CNG), and hybrid 

electric vehicles, which besides the high fuel saving potential, bring further benefits for 

our society. Throughout the motored vehicle evolution, there have always been concept 

and prototype cars combining the advantages of two different propulsion systems, which 

include a second power source and energy storage device to supplement the fuel tank. 

Because of pricing by the petroleum exporting countries, HEVs are under discussion 

concerning fuel consumption benefit and therefore lower running costs. But also higher 

manufacturing costs by HEV related components need to be considered. From the 

technical point of view, the combination of an ICE with an electric machine appears to 

make sense because of their different torque characteristics. Therefore the power assisting 

by the electric motor in forms of high low-end torque results in a win in comfort as well 

as increased "Fun-to-Drive" behavior, and in addition an improved noise-vibration-

harshness behavior can be achieved [2]. Such an advanced technology could also make a 

contribution for a better public image. 

1.3. Literature review: 

Because of the importance and potential benefits of the hybrid technology, many of the 

research institutions and universities all over the world are actively involved in this 

research area. 

HEV concept, impacts and benefits of HEVs are discussed and compared with those of 

conventional vehicles in [3] - [6], Current status, design and selection of HEV 
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components have been presented in [7] - [10]. A braking control strategy that is based on 

estimating the parameter for achieving the maximum braking force is presented in [11]. 

The control strategies of hybrid electric vehicles are in an area of high interest due to 

the complex nature of hybrid electric vehicles. An extensive set of studies have been 

conducted over the past two decades. In particular, several logic-based control strategies 

and fuzzy logic-based energy management strategies for distributing power demand have 

been suggested in [2], [12], [13], [14] & [15] and fuel economy improvement compared 

to conventional vehicle, achieved by these control systems are in the range from 8% to 

13%. These approaches have been adopted mainly due to their effectiveness in dealing 

with the problems appear in the complexity of hybrid drive train via both heuristics 

(human expertise) and mathematical models. 

Researchers have explored different ways leading to an optimal control to minimize 

fuel consumption of parallel hybrid vehicles in general. A driving situation identification 

process which can subsequently used by the HEV power management system, based on 

fuzzy logic and Neural Network is discussed in [14] and the HEV control strategy based 

on above is presented in [15]. 

Recent changes in the technology of modern vehicles and revolutionary development in 

telematics industry have created the possibility for a vehicle to gather online information 

about the road infrastructure and the traffic environment in which it is in operation. This 

information can be used by the HEV power management system to predict its future 

speed trend in order to decide optimum power split between the two sources more 

effectively. Several algorithms have been proposed to predict the future speed trends, 

with the use of preview information provided by the telematics. A methodology of 

combining two technologies, hybrid and telematics together to create "intelligent vehicle" 

which provides improved fuel economy with traffic preview is discussed in [16]. 

Traditional optimization techniques such as linear programming and nonlinear 

programming are not good at dealing with very high complex problems like HEV systems 

3 



[17]. Fortunately, the stochastic search techniques such as GA are particularly suitable for 

complex engineering design. For instance, such algorithms require little a priori 

knowledge about the search space. Application of Genetic Algorithm to solve search and 

optimization problems are given in [17], [18]. An approach to generate on-line adaptive 

system based on GA was presented in [19], [20]. 

Though, many different kind of power management system to improve both fuel 

economy and emission of HEVs have been proposed, discussion about systematic 

approach to find the maximum possible fuel economy of HEV could not be found. 

1.4. Objective 

Many power controllers have been proposed in previous researches to improve the fuel 

economy of HEVs and the performance of these controllers are evaluated based on the 

improvement of fuel economy with respect to that of conventional vehicles. But it does 

not make sense about the level of improvement that can be achieved by them with respect 

to the maximum possible fuel economy. Though it is obvious that the HEVs have great 

potential of improving fuel economy, it is not very clear to what extent fuel economy can 

be improved with introduction of second power source to a vehicle. 

The aim of this study is to develop a methodology to find out the maximum fuel 

economy that a Parallel HEV (PHEV) can achieve with any type of HEV energy 

management system for a known drive cycle [18]. Parallel configuration of HEV is 

selected for this study as it's flexibility of powertrain design. Here, genetic algorithm 

(GA) which will lead to find a global optimum has been used as the technique for 

optimization. In fact, though it is needed to find the maximum possible theoretical best, in 

actual practice it might not be reachable. However, knowing the maximum possible best 

fuel economy, it can be used as a benchmark value which might be useful in setting the 

standards of HEV 
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In this study, fuel consumption of the PHEV is formulated as an optimization problem. 

Since the optimization process represents a constrained and time-varying problem, which 

is highly complex and nonlinear, Genetic Algorithm is used to solve the optimization 

problem. Backward looking vehicle simulation model [1] is used with empirical engine 

model based on test data is used for calculation of fuel consumption through out the drive 

cycle. 

The result from this study may be useful not only to evaluate the performance of any 

PHEV power management system but also to develop a more effective control strategy 

for HEV. 
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