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Abstract— This paper presents fuzzy Cruise controller using ATMEGA32 for closed loop speed controlling of DC motor. 
The controller designed has single loop with fuzzy based speed controller. The designed system is verified by computer 
simulations using MATLAB/SIMULINK tool. The controller will vary the voltage fed to the armature of the motor for 
cruise control. The simulated results with respect to set speed change and load variation for fuzzy controller has been viewed 
and these results are comparable with experimental results by using a hardware fuzzy cruise   controller. The entire system is 
more advantageous and cost effective. 
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I. INTRODUCTION  
 
DC motors are widely used in many technologies 
having good starting and braking performance. 
Almost all the application of the motor needs speed 
and position control of engine. The speed of DC 
motors can be balanced inside limits with the goal 
that gives simple controllability. DC engines utilized 
as a part of numerous applications and automated 
controllers require speed controllers to perform their 
errands. The regulated voltage source controlled with 
MOSFET switching which is used for driving DC 
motor. Practically, controlling the systems is tedious 
and mathematically troublesome due to their high 
nonlinearity properties. 
To overcome this problem, FLC(fuzzy logic 
controller) can be involved. The applications of FLC 
are mainly in the nonlinear systems that are time 
variant and tedious to model. Nowadays FLC system 
is used with many applications due to the best results. 
In this study, the speed response of motor is 
controlled with the varying armature voltage was 
investigated for both fixed loaded and varying load 
operating conditions. The speed of the system is 
monitored using FLC. The FLC system developed for 
operating at fixed speed under different load 
conditions. 
 
II. DRIVER CIRCUIT MODELLING 
 
Driver circuit is a DC chopper is implemented to 
drive the DC motor by providing proper armature 
voltage. The working of the chopper shown in Figure 
1.can be described as below, 

 
Figure 1: DC Chopper Circuit 

The control voltage VControl is applied to the gate of 
the switch. Ton and Toff indicates the ON time and 
OFF time duration of the chopper. T indicates the 
total period of the cycle, 
The output of the chopper during ON period is the 
difference between source voltage and the drop 
across switch. If switch is ideal then the average 
output voltage Vdc is given as, 

 
 
Vsource is the source voltage of the chopper. 
Variation in the duty cycle leads to the variation in 
the output voltage and all the time Output voltage 
will follows the control voltage. 
The MATLAB/SIMULINK Block of DC Chopper in 
Figure.2 

 
Figure 2: MATLAB/SIMULINK DC Chopper Model. 

 
III. DC MOTOR MODELLING 
 
Figure 3. shows the DC Motor Model, for which the 
state space model of the motor can be written as, 
 

 
These motor equations are derived from the motor 
modeling equations, for the motor described below 
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Figure 3: DC Motor model. 

 
The above Motor system can be modelled in the 
MATLAB/SIMULINK and used in further 
simulation. Figure 4 Presents MATLAB/SIMULINK 
Block of  DC Motor. 
 

 
Figure 4: DC Motor MATLAB/SIMULINK model. 

 
IV. FUZZY CONTROLLER OF THE SYSTEM 
 
The closed loop speed of the DC Motor is exposed to 
fuzzy which will generate the crisp output value to 
control driver circuit voltage as per error and change 
of error in the speed value, thereby  DC motor speed 
is controlled. The membership functions of input 
signals error and change of error and the output signal 
crisp is in Figure 5, each linguistic variables consist 
of seven functions with triangular and trapezoidal 
functions. The surface diagram of the FLC Block 
designed is shown in Figure 6 which is exported to 
the fuzzy block of the MATLAB/SIMULINK model 
of the system. 
 

 
Figure 5: Membership functions of error, change of error and 

crisp signal of the Fuzzy system. 

 
Figure 6: FUZZY Surface diagram. 

 
V. SIMULATION RESULTS 
 
The computer simulation entire cruise control system 
is designed in MATLAB/SIMULINK and the block 
diagram is shown in Figure. 7 
 

 
Figure 7: MATLAB/SIMULINK System Model 

 
Simulation results are verifies the system operating at 
fixed speed under different load conditions. Input 
torque is given with step signal with final value 60 
Nm and step time 0.3s, constant output speed is 
obtained. Input torque waveform and output speed 
waveform is shown in Figure 8 and 9.Output speed 
reduction at instant 0.3s  is due to the step torque 
change with step size 0.3s,rise time of the speed 
signal is almost less than 0.05s. 
 

 
Figure 8: Input Torque of the motor with 0.3s step time and 

60Nm final value. 
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Figure 9:  Output Speed of the Motor with Step Input Torque. 

 
The System is subjected to variable torque signal with 
value varying from 0 to 60 Nm. The input generated 
to the fuzzy is in Figure 10 and 11 which is error and 
change of error signal of the system.  

Error signal = w(k) - w(k-1) 
Where w(k),speed at current instant and 

w(k-1),is speed at previous instant. 
Change of error = E(K) – E(K-1) 
Where E(k), error at current instant, E(k-1), 

is the error at previous instant of time. 
 
Output of fuzzy block is shown in Figure 12.This 
fuzzy output signal will generate the PWM signal 
needed to run the motor at required speed. Final 
constant speed waveform of the system is shown in 
Figure 13.Here setpoint speed is set to 200rpm and 
actual output speed is maintained at 200 rpm even 
with variable torque. Also the rise time is 
comparatively very small around 0.06s and settling 
time is reduced. So a smooth constant speed is 
maintained. 

 
Figure 10: Error Signal input to the Fuzzy 

 
Figure 11: Change of Error Signal to the Fuzzy  

 
Figure 12: Output of the fuzzy block. 

 

 
Figure 13: Output Speed of the Motor for Random Input 

Torque. 
 
V. HARDWERE DESCRIPTION 
 
Hardware setup of the embedded cruise control 
system is described by the figure 13. The model 
consists of ATmega32 controller with fuzzy code 
loaded and the DC motor along with the speed sensor. 
Speed sensor used here is a hall effect sensor that will 
sense the magnetic field variation. Motor fan attached 
with piece of magnet and as motor rotates magnet 
also rotates with motor and produces a magnetic field 
variation. That interrupt is sensed by the sensor. 
Sensor will return pulses of specific frequency 
proportional to the motor speed and is fed to the 
fuzzy system. Controller will calculate error and 
change of error signals that will intern used by the 
fuzzy system.  Output of the fuzzy system generates 
the PWM signal which will drive the motor at the set 
point speed. In the LCD the set point speed and actual 
motor speed are displayed. Measured speed is almost 
equal to the set point speed with minimal error.  

 

Figure14: Experimental setup of the system. 
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CONCLUSION 
 
This FLC based cruise control framework is quick, 
ease and having fabulous reaction to condition 
changes. It is uniquely intended for minimal effort of 
microcontrollers since it has lower computational and 
power prerequisites and quick reaction. Any sort of 
vehicle, versatile observation robots and machines 
having engines and requiring proficient and 
compelling velocity control can include this little 
framework on board to perform the high 
performance.  It doesn't require any kind of tunings 
like of parameters of PID controllers to accomplish 
quick reaction. This strategy is most appropriate for 
true applications requesting quick and ease control 
with high execution in automotive system. 
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