
Chapter 1 

I n t r o d u c t i o n 

1.1 Literature Surveyor of Previous Work 

Massive number of research papers based on HEV power control strategy and its 

researches and developments, can be found from the research institutions and the 

highly recognized web libraries like IEEE online library. Most of the papers that 

found in my literature surveyor, describe instantaneous splitting of demand power 

between ICE and EM. 

The significance of my literature surveyor is most of the researchers used Fuzzy Logic 

for power management system of HEV. It is a good method for realizing an optimal 

tradeoff between the efficiencies of all components of the parallel HEV. Fuzzy logic 

control is tolerant to imprecise measurements and to component variability. It also 

gives a systematic methodology for the development of a rule-based energy 

management strategy [l]-[3]. 

Neural networks were also used to develop intelligent energy management systems for 

HEVs [4],[5], In this, researchers were able to build an intelligent energy management 

system for the HEV. 

But most of the researchers used only the driver demand rather than using traffic flow 

information for few seconds ahead of current time, to get the optimized power 

splitting command from their controller. But intelligent vehicle concept can be used to 

improve the fuel economy [6], In this concept, HEV energy controller can get the 

traffic flow information through on board sensors and communication equipment 

which contact with the road infrastructure. 

In my literature surveyor, it was too hard to find a single paper on 

optimization of HEV. But for theoretical studies some researchers 
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component optimization of HEV's for designing purposes [7],[8]. In general GA takes 

long time for its optimization process. Therefore it is not practicable to use real - time 

results needed problems. But this can be tackled using on - line GA [9],[10]. 

To do the computer simulations, most of them used ADvanced Vehicle SimulatOR 

(ADVISOR) software package [11]. Simulation based analysis on vehicle 

performance is crucial to the development of hybrid powertrain since design 

validation using costly prototype is impractical. Due to the inconvenience of the many 

separated modeling methods, integrated modeling tools are required to speed up the 

modeling process and to improve the accuracy. Vehicle simulation is a method for fast 

and systematic investigations of different design options (fuel choice, battery, 

transmission, fuel cell, fuel reformer, etc.) in vehicle design and development. At 

present, several simulation tools based on different modeling platforms are available, 

although none of them is sufficient to model all design options. These tools always 

focus on a specific application with focused concerns. After years of continuing 

improvements, a fast, accurate and flexible simulation tool is still under development. 

Compared to the available vehicle performance simulation tools, ADVISOR is one of 

the most user friendly and accurate tool for all kind of researchers. 

Commercially available HEVs, some reports related to HEV emissions and 

performance [11]-[16] were also added into my literature surveyor. In 1970s, many 

auto makers such as GM, Ford and Toyota started to develop electric vehicles 

powered by batteries due to the oil shortage. However, these electric vehicles powered 

solely by battery power did not go far enough. The interest in hydrogen fuel cell cars 

has arisen as a result to address the range problem associated with battery power cars. 

However, with more than 15 years of intensive development, still there are no any fuel 

cell hybrid cars on market mainly due to the high manufacturing cost. In the 

meantime, other automotive manufacturers have moved in another direction of ICE 

based HEV. In 1997, Toyota introduced the Prius (Figure 1-2), the first ICE based 

HEV to the Japanese market. Ever since, an increasing number of HEV have become 

available. The sales of HEV are growing rapidly. An estimated 187,000 hybrids were 

sold in the first six months of 2007 in US, accounting for 2.3 percent of all new 



vehicle sales according to J.D. Power. J.D. Power also forecasted a total sale of 

345,000 hybrids for 2007, a 35% increase from 2006 [11]. 

Genetic algorithm tool box user's guide of MATLAB [17] is a very good tool even for 

a beginner to learn GA. This was the foundation literature to build all genetic 

algorithms of this research work. GA assignment given in semester - I, was helped to 

understand the way that GA used in real world applications. 

Finally, my literature surveyor was extended to cover the drive cycles too [19]. These 

speed - time sequences are used to standardize the evaluation of vehicles fuel 

economy and emissions. The maximum, minimum and average speeds are considered 

as the cycle characteristics. 

This collection of literatures put forward the basement for this research work. 

1.2 Objectives of the Research 

As well as the technology changes internal to the vehicle, the telematics revolution of 

the past decade has generated the possibility for a vehicle to communicate with the 

road infrastructure and other vehicles to obtain greater information about the traffic 

environment in which it is operating [6]. Local traffic information can be provided 

completely on-board the vehicle itself through the use of radar and laser technologies. 

To obtain even greater information to the vehicle over a longer look ahead distance it 

is most likely that some form of communication between the infrastructure and the 

vehicle is required. Presently, systems such as Signal Coordination in Regional Areas 

of Melbourne (SCRAM) in Australia obtain information about traffic flows in urban 

environments automatically to use in scheduling traffic signals, hence it is conceivable 

that this information could be made available to a suitably equipped vehicle [6]. 

In this study, my objective is to find out the behavior of the fuel economy when the 

traffic flow information is available for an HEV. Obviously we cannot get the traffic 

flow information of the whole drive cycle to the vehicle. Vehicle can get to know 
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about the velocity predictions for few seconds ahead of the operating time. To get the 

velocity predictions for more and more seconds ahead of the operating time, more 

sophisticated sensors should be used. This is expensive. Therefore optimum number 

of prediction should be selected. 

The second objective is to observe the variation of the fuel economy with the 

increasing of number of velocity information for the seconds ahead of the operating 

time. 

Fuel consumption of a conventional vehicle in urban environments is up to 50% 

higher than during highway driving [6], It is obvious that the fuel consumption will 

depend on driving style, road condition, weather conditions..etc. The third and final 

objective of this research, is to study the variation of the fuel economy of the HEV 

with those velocity predictions for driving on two deferent drive cycles, NEDC and 

CDC. Driving on the NEDC can be considered as driving on a road with lesser 

number of traffic interruptions. But CDC consists of real velocity data captured in 

traffic time on "Base - Line" road of Sri Lanka. 

These studies may be useful for the researchers who are going to develop traffic 

situation awareness based energy management systems for HEVs. This will guide 

them to make decisions on selection of the length of predictions. They can measure 

the value of their research with the project cost against the theoretical saving of fuel 

usage. 

1.3 Hybrid Electric Vehicles 

In the past two decades the interest in HEV has increased all over the world mainly 

due to the environmental concerns and skyrocketing price of oil. Representing a 

revolutionary change in vehicle design philosophy, hybrid vehicles surfaced in many 

different ways. However, they share the hybrid powertrain that combines multiple 

power sources of different nature, including conventional ICE, batteries, 

ultracapacitors, or hydrogen fuel cells (FC). 
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These vehicles with onboard energy storage devices and electric drives allows braking 

power to be recovered and ensures the ICE to operate only in the most efficient mode, 

thus improving fuel economy and reducing pollutants [11], 

Resent surveys of the United Nations (UN) show, over 600 million people in urban 

area worldwide were exposed to traffic-generated air pollution [11], Therefore, traffic 

related air pollution is a vast problem anywhere in the globe. Hybrid electric vehicles 

hold the potential to considerably reduce greenhouse gas (GHG) emission and other 

gas pollution. 

ICE based hybrids, can improve the fuel economy and reduce tailpipe emission by 

more efficient engine operation. The improvements come from regenerative braking, 

shutting down the ICE while stationary and allowing a smaller, more efficient engine 

which is not required to follow the power at the wheel as closely as the engine in a 

conventional vehicle must [11], 

In an emission effect comparison of the Toyota Prius (HEV) and Toyota Corolla, it 

was reported that the Prius only produced 71% of C0 2 , 4% of CO and 0.5% of NOx 

compared with the Toyota Corolla. The Corolla is one of most efficient conventional 

vehicles on the market [11], 

1.4 Intelligent Vehicles 

The development in automobile and telematics industry will enable the power 

management systems to be more intelligent. Hybrid technology and telematics are 

combined together to create "intelligent vehicle" to make more accurate prediction 

about the possible speed trend ahead of current time and hence to make more effective 

decisions about the power split of the two power sources in order to bring the overall 

fuel economy of the vehicle close to its maximum point. 

Telematics - enabled vehicles may use a relatively cheap sensor network to develop 

information about the traffic environment in which they are operating [6]. Local 
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traffic information can be provided completely on-board the vehicle itself through the 

use of radar and laser technologies. 

To obtain even greater information to the vehicle over a longer look ahead distance it 

is most likely that some form of communication between the infrastructure and the 

vehicle is required. Presently, systems such as Signal Coordination in Regional Areas 

of Melbourne (SCRAM) in Australia obtain information about traffic flows in urban 

environments automatically to use in scheduling traffic signals, hence it is conceivable 

that this information could be made available to a suitably equipped vehicle [6]. 

1.5 ADVISOR Software 

The U.S. Department of Energy (DOE) and the National Renewable Energy 

Laboratory (NREL) have worked with industry partners to develop a sophisticated 

systems analysis tool that can answer crucial questions about specific component and 

vehicle designs. ADVISOR is a model written in the widely used MATLAB/Simulink 

software environment. It can be used to simulate and analyze conventional, advanced, 

light and heavy vehicles, HEVs and fuel cell vehicles [20], 

ADVISOR tests the effect of changes in vehicle components (such as motors, 

batteries, catalytic converters, climate control systems, and alternative fuels) or other 

modifications that might affect fuel economy, performance, or emissions. The user 

can alter simulation results by selecting vehicle component types, sizes, and 

parameters. 

ADVISOR uses basic physics calculations and measured component performance to 

model conceptual vehicles. The user defines a vehicle using overall vehicle data and 

prescribes a speed-versus-time trace, along with road grade, that the vehicle must 

follow. ADVISOR then puts the vehicle through its paces, making sure it meets the 

cycle to the best of its ability. It calculates predicted torque, speed, voltage, current, 

and power passed from one component to another. 


