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Fuzzy based PID Controller using VHDL for
Transportation Application

Md.Shabiul Islam ,Nowshad Amin , Mukter Zaman , M.S.Bhuyan

Abstract— This paper describes the designing of PID-type
(Proportional-Integral-Derivative) controller based on Fuzzy
algorithm using VHDL to use in transportation cruising system. The
cruising system with Fuzzy concept has developed to avoid the
collisions between vehicles on the road. The developed Fuzzy Logic
Controller (FLC) provides a reference for controlling the vehicle
speed either increase or decrease. The controlling speed depends on
the distance of the preceding vehicle when it gets too close or alert
the driver when necessary. The Mamdani Fuzzy Inference theory is
studied, and developed in Matlab package at first for designing the
PID-type FLC hardware system. The behavioral of the PID-type FLC
algorithm is then simulated using VHDL language. The comparison
of simulation results between Matlab and VHDL are presented for
designing the PID-type hardware implementation. The synthesis tool
from Quartus-II environment is chosen to synthesize the designed
VHDL codes for obtaining the Register Transfer Level (RTL)
hardware architecture of the PID modulus. The developed and
designed Fuzzy based PID-type cruising controller is cheaper in cost
compare to conventional PID controller system, and, thus we can
propose this developed chip to use to the entry-level vehicles such as
the national car. This can be further reduced the road accident and
ensure the safety of the road users in the future.
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1. INTRODUCTION

PID controller is the best known as industrial process

controller [1]. It is robust in wide range of performance [2].
However, conventional PID controller is not suitable for non-
linear system [3]. Therefore, PID-type Fuzzy Controller is
preferred in the non-linear process due to its simplicity,
robustness, and variable structure. Moreover, the PID
controller does not require explicit knowledge of the model of
the dynamic plant, which is complex and very hard to obtain.
The PID controller mostly can be applied to the control
process such as motor drives, flight controls, high-speed trains,

Manuscript received June 6, 2007: Revised version received April 6,
2008.

Md. Shabiul Islam, is with the Faculty of Engineering, Multimedia
University, 63100 Cyberjaya, Malaysia, (corresponding author : +603-8312
5380; e-mail: shabiul@mmu.edu.my)

Nowshad Amin., is with the Department of Electrical, Electronic and
System Engineering, Faculty of Engineering, National University of Malaysia,
43600 UKM, Bangi, Selangor, Malaysia. (e-mail:
nowshad @vlsi.eng.ukm.my).

Mukter Zaman is with the Faculty of Engineering, Multimedia University,
63100 Cyberjaya, Malaysia (corresponding author : +603-8312 5380; e-mail:
mukter.zaman @mimos.my

M.S.Bhuyan is with the Faculty of Engineering, Multimedia University,
63100 Cyberjaya, Malaysia (e-mail: shakir dhaka@yahoo.com)..

Issue 1, Volume 2, 2008 143

and others application. Improvement on the PID controller
system can lead to huge effect in the control process for
industrial application. Therefore, the PID-type Fuzzy
controller system is investigated, design and simulated in this
project.

Fuzzy system is well known with its non-linearity
characteristic behavior [4]. Therefore, the non-linear
characteristic of the conventional PID controller can be
improved greatly using fuzzy logic algorithm. Besides, most of
the research works have done on the Fuzzy PID controller,
which are, focusing on the conventional two-input PI
(Proportional-Integral) or PD (Proportional-Derivative) type
as proposed by Mamdani [5]. This is because the three-inputs
of PID controller are a complex task, as more parameters have
to be considered in building the fuzzy rule base [6]. It is
difficult to determine the control rules for the Integral mode
input (De), as the steady state error of a system is very hard to
define [6]. Therefore, the three inputs of the controller are
defined as error (e), change in error (Ae) (also known as
Derivative), and the rate of change of error (A2e) (also known
as acceleration error), [6]. Besides it, there is no proper way of
tuning method available until now. Trial-and-error tuning
method is required in optimizing the controller [7].
Furthermore, the number of rule base increase exponentially
with the increase of membership function [7]. If the number of
input is m, and the number of membership function for each
input is n, then the total number of the IF-Else rules is equal to
mn.

The rest of the paper is organized as follows: Section 2
describes the PID type fuzzy controller algorithm. Section 3
presents the MATLAB simulation result. Modeling of the
controller using VHDL is described in section 4. Section 5
presents the comparisons between MATLAB and VHDL
simulation results. Section 6 presents the Synthesis. Section 7
presents PID controller application. Finally, conclusion is
drawn in this paper.

II.PID CONTROLLER WITH FUZZY ALGORITHM

The Fig. 1 shows the flow chart of PID-type fuzzy controller
algorithm for implementing PID-type FLC hardware design.
The crisp inputs of the PID fuzzy controller have computed in
MATLAB platform [8].

In this simulation stage the membership function of the
controller is shifted 20 steps to the positive side and the
setpoint is 20 (actual setpoint = 0). Therefore, the crisp input is
shifted 20 steps towards the positive side as well. As an















