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Abstract: In this paper an optimal method based on fuzzy 
logic for controlling parallel hybrid electric vehicles is 
presented. In parallel hybrid electric vehicles the required 
torque for deriving and operating the on-board accessories 
is generated by a combination of internal-combustion 
engine and an electric motor. The power sharing between 
the internal combustion engine and the electric motor is the 
key point for efficient driving. This is a highly nonlinear 
and time varying plant and its control strategy will be 
implemented with the use of fuzzy logic controller. The 
fuzzy logic controller will be designed based on the state of 
charge of batteries and the desired torque for driving. The 
output of controller controls the throttle of the combustion 
engine. The main contribution of this paper is the 
development of an optimal control based on fuzzy logic, 
which maximizes the output torque of the vehicle while 
minimizing fuel consumed by the combustion engine. 
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1. Introduction 
During the last two decades of the 20th Century, as it is well 

known, global concerns to reduce emissions and improve fuel 
efficiency have been steadily increasing. 

Environmental as well as economical issues provide a 
compelling impetus to develop clean, efficient and sustainable 
vehicles for urban transportation. Automobiles constitute an 
integral part of our everyday life, yet the exhaust emissions of 
conventional Internal Combustion Engine (ICE) vehicles are to 
blame for the major source of urban pollution that causes the 
greenhouse effect leading to global warming. The dependence 
on oil as the sole source of energy for passenger vehicles has 
economical and political implications, and the crisis will 
inevitably become acute as the oil reserve of the world 
diminishes. The number of automobiles on our planet doubled 
to about a billion or so in the last 10 years. The increasing 
number of automobiles being introduced on the road every year 
is only adding to the pollution problem. There is also an 
economic factor inherent in the poor energy conversion 
efficiency of combustion engines [1].  

Until 19th Century, above all, Electric Vehicles (EVs) that 
have no emissions have stood in the spotlight all over the 
world. However, as pure electric vehicles have some 
drawbacks, such as a short driving distance, long recharging 
time and high costs, in the 1990s a large number of auto 
industries started developing Hybrid Electric Vehicles (HEVs) 
to overcome the problems of pure electric vehicles. The HEV 
seems to be the viable alternative to the ICE and electric 
automobiles at the present. 

 

 
 
HEVs can be broadly classified as series or parallel hybrid 

systems. In series HEVs, same as EVs, all the torque required 
to propel the vehicle is provided by an electric motor, but in 
parallel HEVs, the torque obtained from the heat engine is 
mechanically coupled to the torque produced by an electric 
motor [2]. 
 

2. System Model Description 
2.1 Parallel Hybrid Electric Vehicle Architecture 

Fig. 1, that obtained from [3], presents the block diagram of 
a parallel HEV powertrain with an electrical machine and an 
ICE that they are combined together to propel the vehicle. The 
electrical machine works as generator when the state of charge 
(SOC) of   batteries is low and is needed to charge the batteries, 
and works as motor when its torque is needed for driving the 
vehicle. The controller that will be designed by fuzzy logic 
method, controls the engine by changing its throttle angle in 
each time in order to control its produced torque to reach our 
control goals. Then the desired torque of electric motor will be 
measured by subtracting the real engine output torque, from the 
desired torque in any times.           

 

 
Fig. 1. The block diagram of a parallel HEV powertrain 

 
2.2 Engine Dynamic Model 

We use a simple model of engine that Xiao Yun Lu 
introduced in [4]. His model includes a two states dynamic 
model with the output of engine produced torque. The states 
include the speed of engine (N) as 1x  and the manifold 

pressure ( mP ) as 2x . Lu’s model is presented in the following 
Eqs: 
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Where engT  is the engine produced torque,θ  is the throttle 

angle, ambP is the ambient pressure, and (.)g  is a function 
introduced in Eq. (3). 
 
2.3 Battery Dynamic Model 

A dynamic model of battery that is obtained  from [5, 6] is 
given in the following Eqs.  

121 5.125.29455.1941.3193 xxSOCx −++=&                   (6) 

2
2

12 5.2
1.04.0

4946.193054.319
5.2 x

SOC

SOCx
xx −

+

−−
+=&            (7) 

Where 1x  is an internal state, 2x  is the terminal voltage of 
battery, and SOC is the state of charge of battery. In this model 
we assumed numeric variables of 

1,1.0~,4.0,1.0 ===== pib CCRRK  to use in simulation. 

 
 
2.4 Electric Motor and its Controller Model 

We use an AC-75 motor and its controller model that used in 
the DVISOR 2002 software that is available in [7]. 

 The motor and its controller model includes the effects of 
losses in the motor and controller, rotor inertia, and the motor 
torque speed-dependent torque capability. Power losses are 
handled as a 2-D lookup table indexed by rotor speed and 
output torque. The motor maximum torque is enforced using a 
lookup table indexed by rotor speed. Motor controller ensure 
that the motor maximum current is not exceeded and that the 
motor shuts down when it is not needed. Available torque is 
computed from available power by assuming that the ratio of 
rotor torque to input (electric) power is the same for the 
actual/achievable situation as was computed for the request. 
This is mathematically equivalent to assuming the 
motor/controller efficiency [8].  

 
 
 

3. Design of Optimal Fuzzy Logic Controller 
In the control of a PHEV, the main goal is to set the ICE 

operation in it’s peak efficiency region. This improves the 
overall efficiency of the powertrain. The ICE operation must be 
set according to the road load and the SOC. Therefore the fuzzy 
logic controller (FLC) will use two inputs: the battery pack 
SOC and the desired torque. Based on the above inputs, the ICE 
operation point is set (by changing its throttle angle). Along the 
simulation, in the feedback path, the desired electric motor 
torque is calculated from Eq. (8), where loadT  is the load 

required due to acceleration, drag, road grade, etc., and 

SetICET _  is the desired output torque of the IC engine [8].  

SetICEloadDesiredEM TTT __ −=                                              (8) 
In order to control PHEV, we have 3 control goals:  

1. maximizing fuel economy 
2. reduction of vehicle output emissions 
3. maintaining acceptable powertrain performance by 
maximizing the vehicle output torque. 
In [9, 10] the only goal is reaching the optimal energy 
management strategy for the vehicle. In [11, 12] the final result 
is achieving the maximum torque of vehicle by maximizing the 
electric motor output torque. Now in this paper we try to find a 
compromised solution to these goals by designing an optimal 
fuzzy logic controller with comprehensive fuzzy rules and 
membership functions (MFs).  
For designing the controller, we choose 11 membership 
functions for two inputs and one output. These membership 
functions have been marked as 1 to 11 and shown in Figs. 2~4. 
The fuzzy rules are defined in Table 1.  
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Fig. 2. Membership functions of desired torque for driving 
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Fig. 3. Membership functions of SOC of batteries (input2) 
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     Fig. 4. Membership functions for engine throttle angle 
 
 
 

Table 1. The fuzzy rules of controller (Rows for SOC MFs  and 
columns for desired torque for driving MFs, The output MFs 

are defined for engine throttle angle)   
       SOC    
torque 1 2 3 4 5 6 7 8 9 10 11 

1 6 5 5 4 3 3 2 2 2 1 1 

2 6 5 5 4 3 3 2 2 2 1 1 

3 6 5 5 4 4 3 3 2 2 2 1 

4 6 5 5 4 4 3 3 3 2 2 2 

5 6 5 5 4 4 4 3 3 3 2 2 

6 6 6 6 5 4 4 4 3 3 2 2 

7 6 6 6 5 5 4 4 3 3 3 2 

8 6 6 6 6 5 5 4 3 3 3 2 

9 6 6 6 6 6 5 4 4 4 3 3 

10 6 6 6 6 6 5 5 4 4 4 3 

11 6 6 6 6 6 5 5 5 4 4 4 

 
 
 

 
4. Simulation and Results  

In the simulations, we have used ADVISOR software, 
available in [7], in which certain blocks have been replaced by 
dynamic equations, given in previous sections of this paper. 

The block diagram of the proposed method is presented in 
Fig. 5. The input of clutch is its states, that involves:  
disengaged, slipping, and engaged, that driver commands. The 
inputs of the vehicle motion laws block are the desired vehicle 
speed and torque. The vehicle speed that is output of wheels 
block will be compared with the desired vehicle speed. The 
input of the wheels block is the torque that is summation of 
engine and motor output torque. 

The fuzzy controller that we designed in section 3, with 
respect of the desired torque and the SOC of battery, controls 
the throttle angle degree of engine and therefore its output 
torque will be controlled. Then the torque coupler unit subtracts 
the real engine output torque, from the desired torque and 
measures the electric motor desired torque by using of Eq. (8).      

The simulation result of the desired speed of vehicle and the 
real vehicle speed is shown in Fig. 6, and then will compare 
between them in Fig. 7. Our comparing between them show 
that the controller designed works good.  

The SOC of batteries plotted in Fig. 8 that shows its changes 
is very little, so the batteries will not be damaged.  

The fuel consumption of vehicle, after simulation became 
6.8 litter per 100 km, therefore the fuel economy have been 
maximized. In addition of that, we see a significant 
improvement in the emissions in Fig. 9.  

The plot of the wheels output torque is defined in Fig. 11 
that shows the maximizing the torque with respect to desired 
vehicle speed.   

 
 
 
 
 
 

 
 
 
 
 
 

 
Fig. 5. The block diagram of parallel hybrid electric vehicle with its controller 
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Fig. 6. The desired and achieved vehicle speed 
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Fig. 7. Difference between requested and achieved speeds 
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5. Conclusions 
We believe that the above described parallel hybrid electric 

vehicle control presents an optimal control that achieves three 
control goals: 1. maximizing vehicle torque, 2. minimizing fuel 
consumption, and 3. minimizing exhaust emissions. Our 
simulation study proved our idea. For simulation we used 
ADVISOR software, but because of its static models, we used 
our dynamic models for some of its blocks.  
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