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ABSTRACT

“Design and Simulation of DC Motor Drive Controller by using PID and Fuzzy
logic”

GHANIM, Zaid Musaab

M.S., Electrical Engineering Department

Supervisor: Asst.Prof.Dr. Alparslan Cagri Yapici

January 2015, 44pages

This thesis presents PID controller implemented by fuzzy logic and FPGA.
Controller model is carried out by using MATLAB-SIMULINK. FPGA is emulated
for the generated HDL code. Simulation and emulation results are compared between
Fuzzy logic and PID implementation on FPGA. The results indicates improvement in
step response characteristics such as reducing the steady states error, rise time,

settling time and maximum overshoot in control If a DC motor.

Keywords: Fyzzy Logic, FPGA, PID, Dc motor.



oz
“PID ve Bulanik mantik kullanarak DC Motor Sirici Devresinin Tasarim ve
Benzetimi”
GHANIM, Zaid Musaab

Yiiksek Lisans, Elektrik Elektronik Miihendisligi Bolum
Tez Yoneticisi: Yar. Dog¢.Dr. Alparslan CagriYapici

Ocak 2015, 44sayfa

Bu tez ¢alismasi bulanik mantik ve FPGA Kullanarak ger¢eklestirilen PID Kontrol
devresini sunmaktadir.Kontrol devresi modeli MATLAB SIMULINK kullanilarak
gerceklestirlmistir. FPGA iiretilen HDL kodu i¢in emiile edilmistir. Simiilasyon ve
emiilasyon sonuglart FPGA iizerinde gercelestirilen PID ve bulanik mantik ile
karsilagtilmistir .Sonuglar durgun durum hatas1 yiikseleme zamani yatisma siiresi ve
maksimum agma miktar1 gibi DC motor basamak cevabi kavramlarindaki iyilesmeyi

gostermektedir.

AnahtarKelimeler: Fyzzy Mantik, FPGA, PID, Dc motoru.
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CHAPTER 1
INTRODUCTION

1.1 INTRODUCTION

DC motors are nonlinear systems; they have convened a very important role within
the improvement of the economic revolution, working as a heart in various
applications. DC motors are a major part in automatic systems; every automatic
system must contain a mechanism module that creates the system to really perform

its operation.

Nowadays, the speed control of a DC Motor is accomplished by terminal voltage
control. A conventional DC motor can operate in four different quadrants by changing
the polarity of voltage and direction of current. These four modes are: forward
motoring (positive voltage and current), forward regeneration (positive voltage,
negative current), reverse motoring (negative voltage and current) and reverse
regeneration (negative voltage and positive current). The term regeneration (also
known as regenerative braking) means operating the motor as a generator. This breaks
the motor by converting its mechanical energy into electrical energy and sending it

back to the batteries.

Most of the industrial controllers are PID in nature. The major reasons behind the
popularity of PID controllers are their simplicity in structure and their applicability to
a variety of processes. Moreover the controller can be tuned for a process, even
without a detailed mathematical model of the process [1]. Fuzzy logic provides a
certain level of artificial intelligence to the conventional controllers, leading to the
effective Fuzzy controllers. Process loops that can benefit from a non-linear control
response are excellent candidates for Fuzzy control, since Fuzzy logic provides a fast

response times with virtually no overshoot [2].

In this thesis we use Fuzzy to control on speed of the DC motor. Fuzzy logic can
produce a system to match a set of input & output data. Fuzzy logic will model

nonlinear functions of impulsive complexness. Fuzzy logic is made particularly
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simple by adjustive techniques like Adaptive Neuro-Fuzzy logical thinking Systems
(ANFIS) that are available in a toolbox.

In addition, the PID system controllers are implemented by using SIMULINK and
MODELSIMSE-64 10.1C software in digital domain in order to be used in field

programmable gate array (FPGA). This design has low complexity in controlling.

In the previous study [3], a tachogenerator is used as a speed sensor which generates a
back EMF corresponding to the speed attained by a DC Motor. This immediate value
of output voltage provided by the tachogenerator is then compared between the
desired voltage corresponding and the desired speed. The result of was used by the
microcontroller to control the firing angle of the silicon-controlled rectifier(SCR) for
controlling the voltage applied to the DC Motor which in turn adjusts directly the
motor speed to attain the desired value. So a continuous closed loop speed control
system has been achieved. Proportional (P) Control Algorithm has been used in that
paper. Another study [4], there was a refer to improving adaptive Fuzzy logic speed
controller for a DC motor, based on FPGA hardware implementation. The developed
controller includes an adaptive Fuzzy logic control (AFLC) algorithm, which is
designed and verified with a nonlinear model of the DC motor. Then, it would be
synthesized, functionally verified and implemented using Xilinx Integrated Software
Environment (ISE) and Spartan-3E FPGA. The performance of this controller has
been achieved with success valid with smart trailing results beneath completely
different in operation conditions. Also another study [5], the PWM speed regulation
of a DC motor based on intelligent control is discussed. The simulation is done with
the SIMULINK after that the mathematical model of the controlled object is built.
This article introduces the PWM bipolar drive of the DC motor, designs a Fuzzy
controller and a neutral network controller and then discusses the application of
artificial intelligence in the speed regulation of DC motor. Another study [6] the
interested with the development of improved cascaded speed control systems for
Thyristor driven DC-motors. The best options of the work may be summarized within
the following four points: (1) Development of a digital dual-mode adaptive controller
for the inner current control loop and of a model reference adaptive controller for the
outer speed control loop, thus making the entire system adaptive. (2) Development of
robust controllers both for the inner current loop and also for the outer speed loop,
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thus making the entire system robust. (3) Implementation of the above control
strategies, adaptive and robust, in a 16-bit single board computer with floating-point
coprocessor. (4) Comparison of the results of both robust and adaptive improved
cascaded schemes with a commercially available controller. The obtained results
showed that the model reference adaptive control concept and the robust control
strategy can be applied with success for the speed control of a DC motor. Another
study [7] the proposal was to a design and built a control system for position control
for DC motors. This is a closed loop control system. To control the speed of a DC
motor, pulse width modulation (PWM) technique was used. Very high speed
integrated circuit hardware description language (VHDL) was used to program the
software module, and implemented in field-programmable gate array FPGAs. And in
the last study [8], Proposed an approach to subdivide the step to micro steps with
required resolution for stepper motor to improve positioning accuracy, in order to
achieve both high speed and high precision for motion control. In addition, the
designs of the hardware and software are also proposed in detail to control the
currents of the motor precisely. A controller with flexible algorithm and
programmable logic based on Field Programmable Gate Array (FPGA) was

introduced.

This research will study DC motor control because the DC motors are a major part in
automatic systems; every automatic system must contain a mechanism module that

creates the system to really perform its operation.

This research will show some methods that can be used in a DC motor control. The
designing will show PID controllers, Fuzzy logic control and PID implementation for
FPGA using SIMULINK MATLAB and MODELSIM.

12



CHAPTER TWO

PID CONTROLLER AND FUZZY LOGIC FOR DC MOTORS

The major reasons behind the popularity of PID controllers are their simplicity in
structure and their applicability to a variety of processes. Moreover the controller can
be tuned for a process, even without detailed mathematical model of the process [1].
Fuzzy logic provides a certain level of artificial intelligence to the conventional
controllers, leading to the improving the effectiveness of Fuzzy controllers. Process
loops that can benefit from a non-linear control response are excellent candidates for
Fuzzy control. Since Fuzzy logic provides a fast response times with virtually no

overshoot [2].
2.2 Modeling of DC motor

DC motors convert the electrical power to the mechanical power. The DC motor’s

electrical circuit is defined in the Figure 2.1 [9].

Ra La ia

wa

Figure 2.1 Electrical Circuit of a DC motor

Here V, is the voltage source of DC Motor, J is the moment of inertia, R,is the

resistance of armature, L,is the inductance of armature w, is the speed of DC motor.

Electrical characteristics of the circuit shown in Figure 2.1 can be expressed by
Kirchhoff’s law which when applied to an the electrical loop can derive an differential

equation for the circuit
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Voa=Vig=Via =V =0 (2.1)
Voltage is obtained from Ohm’s law across the armature resistor as V,., = iR,

The inductance voltage is symmetrical to the variation of current passing through the

coil regard to time, and may be written as:

dig

Via =Lg R (2.2)
Electromotive force (EMF) can be written as
E, = K,w, (2.3)
Where Ke is back EMF constant
Substituting all (2.1), (2.2) and (2.3) in (2.4) the result is
Va = iaRq = Lo 5% = Ko = 0 (2.4)

Mechanical Characteristics; can also describe on the system, performing an energy

balance has that score of torques whom must be equal to zero, therefor
T,—T, =T, —T, =0 (2.5)

Where T,, is torque due to friction, T, is torque due to inertia, T; is torque load and

T, is electromagnetic torque.

From the above equations the current during the armature in the electromagnetic

torque can be obtained as follows:

T, = Kiiq (2.6)
dwg

Ty, =] —* (2.7)

T, =B.w (2.8)

Substituting equations (2.6), (2.7) and (2.8) gives the following differential equation

Kiig =] =% = Bwg = T; = 0 (2.9)

State space representation of the equations (2.5) and (2.9) can be written as

14



dia _ Ra . Ke Va (2.10)

G ol T Wt
dwg _k, _B
e =7la—Twa =T, (2.11)

[—Rg Ko 1

- — 0
d[la] _ | La Le|[1a Lo v,
E[wa]_ K _B [wa]+ 0 _1 L7, (2.12)
J J | 7
Vi1 _ 1 Ojfiay, [0 07./Va
Y, ] _[0 1 .a)a]+[0 ollr,] (2.13)

By applying Laplace transforms to equations (2.11) and (2.12), the resulting

mathematical form is:

lo(s) = 222 Eqo(s) = Koo 0 (s) (2.14)
w0a(s) =T 7 (s) = Ly (s) (2.15)

By using the equation 2.14, 2.15 which results from DC motor equation, the block

diagram in Figure 2.2 can be obtained
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v

SL, + R,

Te

JS+B

Wa (s)

K.

A

Figure 2.2 Block diagram of DC motor
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2.3 PID Controller Design

These days, PID controllers are widely used in industry because of their simplicity in
structure and their applicability to a variety of processes. The input to PID is error
signal which can be described by the difference between reference signal and the
output signal. The output of PID controllers is the sum of three terms: proportional
term, integral term and the derivative term [10]. The transfer function of PID is
represented as:

de(t)
dt

u(t) = Kye(t) + K; [ e(t)dt + k (2.16)

where Kp is the Proportional gain, Ki is the Integral gain, Kd is the Derivative gain,

e(t) is the error signal. Figure 2.3 shows a standard PID controller block diagram [10],

— P Kpe(t)

— Setpoint —p» Error —p | K; | e(@)dr Process — Output —Pp

:\n—k

de(t)
4t

— | D

Figure 2.3 PID controller

In order to minimize rise time, proportional controller Kp is used. Introducing an
integral controller can eliminate steady-state error, which is responsible for increasing
the overshoot. Introducing a derivative controller increases the stability of the system,
reduces the overshoot and improves the transient response. Effects of each controller

and the characteristics of parameters are summarized in the Table 1[10].
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Table 1 Characteristics of parameters PID controllers

Parameter Rise time Overshoot Settling time Steady-state error
Kp Decrease Increase Small Change | Decrease

Ki Decrease Increase Increase Increase

Kd Small Change | Decrease Decrease Small Change

A proportional controller reduces error but does not eliminate it (unless the process

has naturally integrating properties), i.e. an offset between the actual and desired

value will normally exist [11].
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2.4. FUZZY LOGIC:

In recent years, with the rapid development of technology. Fuzzy logic has one of the
most present technologies for improving sophisticated control systems. Since it is an
intelligent controller. Mathematical logic or (Fuzzy logic) addresses such applications
utterly because it resembles human deciding with an ability to get precise solutions
from bound. It fills an important gap in engineering style strategies left vacant by
strictly mathematical approaches (e.g. linear management, design), and strictly logic-
based approaches (e.g. skilled systems) in system style. Whereas alternative
approaches need correct equations to model real-world behaviors. Thereby, Fuzzy
style will accommodate the ambiguities of real-world human language and logic,
it provides every Associate in Nursing intuitive methodology for describing systems
in human terms and automates the conversion of those system specifications into

effective models.

The Rules contribute to inferences even when facts do not exactly match antecedent
and Rule-based systems may be analyzed and improved. The Technology is easy to

convert from product to product. The ability to control unstable systems [12].
2.4.1 Fuzzy sets

A collection of definitions, can be described is distinguishable objects of our intuition
which may be treated as an entire. The objects are the members of the idea give us a
great freedom of choice. Objects must be ’definite’: given an object and a set, it must
be possible to determine whether the object is, or is not, a member of the set. Objects
must also be ’distinguishable’: given a set and its members, it must be possible to
determine whether any two members are different, or the same. The members fully
outline a group to see membership. It is necessary that the sentence X may be a
member of X, wherever x is replaced by associate object and X by the name of a
group, is either true or false, to use the symbol € and write x € X if object x may be a
member of the set X. The assumption that the numbers confirm a group is like saying:
Two sets X and Y square measure equal, X =Y, if (if and solely if) they need an
equivalent members. The set whose members square measure the objects,x1 x2 .. .

XN is written [12].
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2.4.4 Operations on Fuzzy sets

We extend the classical set hypothetical operations from normal pure mathematics to
Fuzzy sets. We have a tendency to note that everyone those operations that square
measure extensions of crisp ideas scale back to their usual, which means once the
Fuzzy subsets have membership degrees that square measure drawn from(0
,1). Therefore, once extending operations to Fuzzy sets we have a tendency to use an

identical image as in pure mathematics [13].

2.4.8 Membership Functions
Usually one of the following membership functions can be considered:

e Triangular:tri(x;a,b,c)= max{min {g %} 0} (2.21)
e Trapezoidal:trap(x; a,b ,c ,d)=max {min {g ,g, 1} , 0} (2.21)
e Gaussian:gauss(x;c,o)=exp[— % (%)2] (2.23)
o GeneralisedBell:gbell(x;a ,b)=+b|2a (2.24)

1+|x—
a
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In the Figure 2.4 show the type and the different between the Membership Function
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2.4.9 Fuzzy Systems

A Fuzzy System will contrasts with a traditional (crisp) system in 3 main ways. A
Linguistic Variable is defined as a variable whose values are sentences in a natural
state. If tall, not tall, very tall, etc. arethe values of height, which is a linguistic
variable. A Fuzzy Conditional Statements are expressions of the form If A THEN B,
where A and B have a Fuzzy meaning, e.g. If x is small THEN vy is large, where small
and large are viewed as labels of Fuzzy sets. A Fuzzy Algorithm is an ordered
sequence of instructions which may contain a Fuzzy assignment and a

conditional state

2.4.9 Fuzzy Logic Control System

Fuzzy logic control is considered to be the best used in complex, all-in addition,
Fuzzy logic deals with several processes that shall be controlled by the human
operator without much knowledge of their underlying dynamics. The basic plan
behind FLC is to include the "expert experience" of an operator within the style of the
controls in dominant method whose input — output relationship is represented by an
assortment of Fuzzy control rules (e.g., IF-THEN rules) involving linguistic variables
instead of an advanced dynamic model. The utilization of linguistic variables, will

introduce the essential design and functions of a symbolic logic controller.

A typical design of FLC is shown below, that includes a 4 principals comprises: a
falsifier, a Fuzzy rule base, logical thinking engine, and a defuzzifier. Figure 2.5

shows the structure of the Fuzzy logic controller.
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Inference
> Fuzzifier _ > Defuzzifier Plant
Engine y
States or
Fuzzy rule Output
base

Figure 2.5 Structure of Fuzzy logic controllers

The system will make a Fuzzy logic decision if the output from the defuzzifier isn't a
bearing action for a plant. The fuzzier decides how the crisp input will be converted
into a fuzzy input to be used by the inference engine. Fuzzy inference is the actual
process of mapping from a given input to an output using fuzzy logic. The defuzzifier
decides how to convert the fuzzy result from the inference engine back into a crisp
value. The control action should be within the kind of a crisp value. Defuzzification is
that the method of translating the Fuzzy set allotted to an effect output variable into

such a crisp value [14].

There are numerous strategies for defuzzification. The subsequent three are the
foremost outstanding in Fuzzy control. There are three types, Center of Gravity
(COQG), Bisector of Area (BOA) and Mean of Maximum (MOM)

a) Center of Gravity (COG)

For separate sets COG is termed center of gravity for singletons wherever the brittle
control value is that the Cartesian coordinate of the middle of gravity of the Fuzzy set,
which is calculated as follows:

> uc(Xi)Xxi (2.24)

Ucogs =5 ey

Where Xi is point in the universe of conclusion (i=1,2,3,... ) and pc(Xi) is the
membership value of the resulting conclusion set. For continuous sets summations are

changed by integrals.
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b) Bisector of Area (BOA)
The Bisector of Area defuzzification methodology calculates the Cartesian coordinate
of the vertical line that dividesthe world of the ensuing membership perform

into 2 equal areas. For distinct sets,Uboa is the abscissa Xj that minimizes

Z{=1 ue(Xi) — f’znffl ue(Xi),i <j <imax (2. 25)

Here is i max the index of the largest abscissa Ximax . BOA is a computationally

complex method.

c) Mean of Maximum (MOM)

In this technique the crisp value is to settle on the purpose with the best membership.
There could also be many points within the overall implicit Fuzzy set that have most
membership value. so it is common to observe and calculate the average of these
points. This technique is termed Mean of Most (MOM) and therefore the crisp value
is calculated as follows:

Yier Xi i
T = {uc(xi) = pmax} (2.26)

Umom =

Here I is the (crisp) set of indices i where uc(Xi) reaches its maximum g max , and

|1]is its cardinality (the number of members) [15].
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CHAPTER THREE

SIMULINK MODEL OF DC MOTOR SYSTEM

Modeling, analysis and design of controllers are done in MATLAB/SIMULINK.
Simulation of mathematical model of a physical system is done using SIMULINK. It
helps in solving a problem in a graphical form by interconnecting various blocks and
figuring the solution to differential equations through the use of graphs and plots.

SIMULINK imitates a digital computer emulation of an analog computer [16].

3.1 DC Motor Modeling

The rotor and the shaft are assumed to be rigid. The motor torque, T, is related to the

armature current i, by a constant factor K:
T =K;.i (3.1)
The back electromotive force (emf), 1/}, is related to the angular velocity by:
ae
E, =kw, = kE (3.2)

From Figure 2.1, the following equations based on the Newton’s Law combined with

the Kirchhoff’s Law can be written as:

di .
Ld—; = —K,w, — Rig +V, (3.3)
Jw(t) = K; (34)

using Laplace transformation, equation (3.5) can be written as:
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1 1
X 2
s+1 s°+s+1

(3.6)

From the above equations, the modeling DC motor can be built and can be
represented in Figure 3.2. The numerator coefficient and the denominator coefficient
can be represented in equation (3.7) the input to DC motor represent the output

voltage from PID and the output of DC motor is represent velocity(m).

1 1
X2 (3.7)
s+1 s“+5s+6
1 1 @
v — L » | >
s+1 2 +55+6
Transfer Fen Transfer Fent Scope

Figure 3.2 DC motor modeling
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3.2. PID Controller Modeling System

Figure 3.3 show below the overall simulation circuit for the PID controller. The PID

controller will control input to the Pulse Width Modulation (PWM) terminal in the

back converter. At several set points, output from the PID controller will generate

different values. Building on that, average voltage supply to the voltage terminal of

the DC motor and speed of the DC motor can be varied.

1

s

Integrator

KI
>+
1 1
du/dt 132 + —
s+ 2 +55+6 PD
g +
Kd

Denvativel
Transfer Fen Transfer Fcnt

Pulse

Generator II
Kp

Figure 3.3 PID controller modeling system

3.2.1 PID Controller Design in SIMULINK

To obtain the optimum gain value for Kp, Ki and Kd, several gain value have been
tested. The best combinations of gain value are chosen with respect to minimum
overshoot, minimum steady state error and minimum steady state time. Figure 3.4

shows the PID controller design represented in this thesis.
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> 1 528
s
Integrator Kl
(1) P du/dt > 132 —+F
error_d — - control_signal
- Derivative1 Saturation -
Kd
—b{ 5.28
Kp

Figure 3.4 PID controller design in SIMULINK

PID parameters has used in this SIMULINK was Kp is 5.28, Ki is 5.28 and Kd is
1.32.

Figure 3.5 shows the simulation results of using speed PID controllers with the DC
motor and explains the effect of using the PID for controlling the DC motor. Y axis

represented voltage and X axis represented time.

FID
35

|\ \
1 |
| |
] |
| |
|

a5

a5
]

20 a0 60 an 100 120 140 160 180 200

Figure 3.5 Simulation results of using speed PID

Figure 3.5 shows that the SIMULINK of PID has an overshoot, the value of the
overshoot is start from 3 to 3.4 and the maximum overshoot is 0.4v and the duration is

near to 5ms from the time of signal.
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3.3 Fuzzy Logic Controller Modeling System

The speed control system under consideration is shown in Figure 3.6. The speed
control loop has an inner current loop to provide fast transient response as well as to
limit the armature current. The speed controller is designed in such a way to produce a
desired reference signal for the current controller. The output of the current controller
is fed to a gain or a pulse width modulator which controls the terminal voltage. Figure
3.6 shows Fuzzy implementation that are designed in this thesis with two inputs and
three outputs, the outputs represent Kp, Ki, Kd. The DC motor designed and
connected with the outputs from the Fuzzy logic controller.

o »
Gain2 roduct s ¥ Transfe Fon2 Transfer Fen3
£ Add
-
ﬂ_ﬂ X
_ Gain N
Pube ) e f
duidt
Generator! Fuzzy Logic

Derivative Gain1 Contraller

Scope

Figure 3.6 SIMULINK Model for Control of the DC motor using the Fuzzy PID controller

The value of Fuzzy parameters obtained in this SIMULINK schematic is Kp is 1, Kl
is1,and Kdis 8

Figure 3.7 shows that the Fuzzy inference system got the parameters from the

SIMULINK model for control of the DC motor using Fuzzy PID controller.

FLC controller design and the performance of the controller has been analyzed and
evaluated in term of percentage of maximum overshoot (OS%), rising time, peak
time, settling time and steady state error. In this thesis Fuzzy Logic Controller (7 x 7)
matrix was used. And the design of the FLC has been tested.

FLC toolbox in SIMULINK has been used. Below are general setting parameter and

method that had been used for the FLC controller Fuzzy inputs are composed of seven

29



membership functions of error and seven membership functions of error derivative.
Fuzzy outputs have been control output (7 membership). Fuzzy Inference system was
Mamdani and the number of Rules base was 49. Figure 3.8 show the Fuzzy logic
controller:

FIS Editor: fuzzypid - oIEN
File Edit View

- M
(mamdani)

FIS Name: fuzzypid FIS Type: mamdani ‘
And method min v Current Variable
Or method max v T e(t)
Type input
impiication = e F
Range [-100 100]
Aggregation max v
Dol centroid w ‘ Help. Close | ‘
System "fuzzypid™ 2 inputs, 3 outputs, and 49 rules ‘

Figure 3.7 FLC controllers FIS editor
The membership functions tor the error are shown In Figures 3.8 and the membership
functions for error derivative are shown in Figure 3.9. These functions are assumed to

be same for both the input variables.

Membership Function Editor: fuzzypid = =
File Edit View

FIS Variables Membership function plots  Plot points: 181
X KN
X 00

X

NE HM NS ZE PS PM P3

de(t) Ki
hea
Kd
input variable "e(t)”
Current Variable Current Membership Function (click on MF to select)
Name eft) Name NB
Type input Type trimf L
Params
[-133.2 100 -66.67]

g 1-100 100]
Display Range [-100 100] ‘ Help Close ‘
Ready ‘

Figure 3.8 Membership functions of error.
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Membership Function Editor: fuzzypid = B

File Edit View

FIS Variables Membership function plots plot points: 181
N
(g i

deit) Ki

AN

Kd

NB NI NS ZE PS PM FB

input variable “de(t)”

Current Variable Current Membership Function (click on MF to select)
Name deit) Name NB

Type input Type trimf W

Params [-133.3 100 -B5 7]
Range [-100 100

Display Range [-100 100] ‘ Help Close | ‘

Selected variable "de(t)" ‘

Figure 3.9 Membership functions error derivative.

Refering to Figure 3.9 above, Table 2 shows detail of setting parameter for the input

error membership function. Range of error: -100 to 100

Error Value

NB [-133.3 -100 -66.67]

NM [-100 -66.67 -33.33]

NS [-66.67 -33.33 7.105e-15]
V4 [-33.33 4.441e-16 33.33]
PS [7.105e-15 33.33 66.67]
PM [33.33 66.67 100]

PL [66.67 100 133.3]

Table 2 Detail of setting parameter for input error membership function.

The Fuzzy logic controller has two input variables error and rate of change in error.

And three output variables Kp, Ki and Kd. There are 49 rules are defined using the

linguistic variables, shown in Figure 3.10.
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File Edit View Options

2. If (e(t) is NB) and (de(t) is NM) then (Kp is B)(Ki is S)(Kd is S) (1)
3. If (e(t) is NB) and (de(t) is NS) then (Kp is B)(Ki is S)(Kd is 5} (1)
4. If ((t) is NB) and (de(t) is ZE) then (Kp is B)(Ki is S)Kd is 5) (1}
5. If ((t) is NB) and (de(t) is PS) then (Kp is B)(Ki is S)(Kd is 5) (1}
8. If ((t} is NB) and (de(t) is PM) then (Kp is B)(Ki is S)(Kd is 5} (1)
7. If ((t} is NB) and (de(t] is PB) then (Kp is B)(Ki is S)Kd is 5) (1}
8. If (e(t) is NM) and (de(t) is NB) then (Kp is S)(Kiis M)(Kd is B) (1}
9. If (e(t) is NM) and (de(t) is NM) then (Kp is B)(Ki is M)(Kd is B} (1)
10. If (2(t) is NM) and (de(t) is NS) then (Kp is B)(Kiis S)(Kd is 5) (1)

Figure 3.10 Rule Editor

The membership functions for Fuzzy output variables (Kp, Ki, Kd) can be shown in
Figures 3.11, 3.12 and 3.13:

File Edit View

Fis Varibkes e oo KR
PN | _
-

15 —
[0 15]
[015] | |

Figure 3.11 Membership functions for Kp
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File Edit View
e Membership function plots PHPﬂ""Si
)A‘A‘ T |

gty |
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/X

o
01 011 0412 013 014 015 0416 047 018 018 02
output variable "d™

Figure 3.13 Membership functions for Kd
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Figure 3.14 shows the Rule viewer got the parameters from the SIMULINK Model for

Control of the DC motor using Fuzzy PID controller.

BENERRE

Opened system fuzzypid, 43 rules
Halp Closs.

Figure 3.14 Rule viewer

In previous Figures SIMULINK Model for Control of DC motor using Fuzzy PID
controller resulted in Rule surface viewers of Kp, Ki, Kd shown in the Figure s 3.15,

3.16, 3.17.

Figure 3.18 shown the simulation results for using speed Fuzzy controllers with the
DC motor, and explains the effect of using the Fuzzy controller for controlling the

speeding DC motor. Y axis represented voltage and X axis represented time.

Figure 3.18 Simulation results of using speed PID controllers.
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Figure 3.18 shown the effect of using the Fuzzy logic controller, Figure 3.18 has rise
time with DC motor used in this simulation, settling time starts from 2.6v to 3 and

with a duration of 9ms.

Figure 3.19 shows the effect of using Fuzzy logic and PID controllers and comparing between
them. The red signal represented the output of PID and the blue one represented the output of

Fuzzy logic. Y axis represented voltage and X axis represented time.

Figure 3.19 compare between Fuzzy logic and PID controllers
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CHAPTER FOUR

IMPLEMENTATION OF DC MOTOR SYSTEM

St Simulapr Soopez Seope
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comtrol skal 1 Sut1 F—int Cuti 1 [ e e
m | Aea!Foston
Rate Transition

Desired Fosiion

Controler ToCosimSink

201_pos_o
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Figure 4.1 MATLAB SIMULINK model for real time implementation on the DC
Motor using PID algorithm.

In Figure 4.1 a PID algorithm was implemented to observe a result with zero error, in
this process SIMULINK converted the input to PID from analog to digital. And after
that, translate the output from PID and input to DC Motor and from digital to analog.

The PID algorithm built is shown in Figure 4.2:
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Figure 4.2 PID controller design

Inside the I_component, component represent the Integral phase is built as shown in

Figure 4.3 and inside the D_component, another component represents the Derivative

is built as shown in Figure 4.4
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Figure 4.3 PID controller design Integral component

"O »  1/Ts

In1

© Gain3

—_

Unit Delay 2

Qut1
 Gain5

Figure 4.4 PID controller design Derivative component
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Figure 4.5 shows the input to the PID algorithm after converting it from analog to

digital. Y axis here represented the input voltage to PID and X axis represented the

time.

Figure 4.5 the input to the PID algorithm

The output of MATLAB SIMULINK model for real time when implemented on the
DC motor using the PID algorithm can be shown in Figure 4.6 and the output without

overshoot and without error can also be seen in Figure 4.6

Figure 4.6 Output of PID algorithms
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Generate VHDL code for FPGA, HDL Coder generates portable, synthesizable
VHDL and Verilog code from MATLAB functions, SIMULINK models, and State
flow charts. The generated HDL code can be used for FPGA programming or ASIC
prototyping and design.

HDL Coder provides a workflow advisor that automates the programming of Xilinx
and Altera FPGAs. We can control HDL architecture and implementation, highlight
critical paths, and generate hardware resource utilization estimates. HDL Coder
provides traceability between the SIMULINK model and the generated Verilog and
VHDL code, enabling code verification for high-integrity applications adhering to
DO-254 and other standards.

We implemented and simulated the DC motor in the FPGA using SIMULINK
MATLAB and MODELSIM simulator, Figure 4.7 shows the implementation using
MODELSIM SE 10.1c used here.

~ ModelSim SE-64 10.1c g

File Edit View Compi ulste  Add Library Tools Layout Bookmarks Window Help
B sw-d imean ATl B SE #%@HJ tew Foo-dUEBEs DUt w*|
Layout [Simulate J‘ ColumrLayout [311Columns JH P % o @Hrrrrj;||7JJJ§HMM@W W R ‘
R et EE L S I T T

) uibrary H et x|

[¥[rvame [Type [path [

b} work Library C:/Users/MAHMOD [Desktop/zaid(222]...

el floatfixlio Library $MODEL _TECH/.. ffioatfixlib
il me20b (empty)  Lbrary  SMODEL_TECH/../me2 lib

=l mtiavm Library SMODEL_TECH/.. favm

4} mtiovm Library  $MODEL_TECH)../ovm-2.1.2

i) mtPa Library &MODEL_TECH|.. fpa_lib

4} mtiUPF Library  $MODEL_TECH/.. fupf_lib

el mtvm Library $MODEL _TECH}.. fuvm-1, 1b

el sv_std Liorary ~ $MODEL_TECH/../sv_std

gl vitalz000 Library  SMODEL_TECH/.. jvit=l2000

+-4l iece Library  $MODEL_TECH/..fieee

[#hflf}. modelsim_lio Library $MODEL _TECH|.. fmodelsim_lib

el std Library $MODEL_TECH.. fstd

#hilll std_developerskit  Library  $MODEL TECH/../std_developerskit

=l synopsys Liorary ~ $MODEL_TECH/../synopsys

=l veriog Library &MODEL_TECH/.. fverilog

Now: 1,200,080 s Delta: 17 [sim: fcontraller

Figure 4.7 Modelism SE 10.1c
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4.1. Generating VHDL code for FPGA

The FPGA industry sprouted from programmable read-only memory (PROM) and
programmable logic devices (PLDs). PROMs and PLDs both had the option of being
programmed in batches in a factory or in the field (field-programmable). However,
programmable logic was hard-wired between logic gates [17]. In the late 1980s, the
Naval Surface Warfare Department funded an experiment proposed by Steve
Casselman to develop a computer that would implement 600,000 reprogrammable
gates. Casselman was successful and a patent related to the system was issued in 1992
[17].

HDL Coder generates portable, synthesizable VHDL and Verilog code from
MATLAB functions, Simulink models, and Stateflow charts. The generated HDL
code can be used for FPGA programming or ASIC prototyping and design.

HDL Coder provides a workflow advisor that automates the programming of Xilinx
and Altera FPGAs. We can control HDL architecture and implementation, highlight
critical paths, and generate hardware resource utilization estimates. HDL Coder
provides traceability between Simulink model and the generated Verilog and VHDL
code, enabling code verification for high-integrity applications adhering to DO-254
and other standards. We implemented and simulated the DC motor in the FPGA using
SIMULINK MATLAB and MODELSIM simulator, Figure 4.7 shows the
implementation and results obtained on FPGA which are exactly similar to the result
that were obtained from MATLAB shown in Figure 4.6
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Figure 4.8 result for system on FPGA
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CHAPTER FIVE

CONCLUSION

By reviewing results obtained from a number of experimental methods which
includes classical PID controllers, Fuzzy logic control and PID implemented in FPGA
using SIMULINK MATLAB and MODELSIM. It’s clear that the overall
performance of PID implemented in the FPGA using SIMULINK MATLAB and
MODELSIM was better than the classical methods for tuning PID controllers. PID
implemented in FPGA and has shown acceptable results and improvements of the

system behavior.

When comparing between the three methods that were used in this research we can
recommend that the engineers can depend on PID implemented in the FPGA using
SIMULINK MATLAB and MODELSIM because of the steady state results obtained

from this method.

The application software, MATLAB-SIMULINK, provided extreme help in this

research project and affected the results and the credibility in a positive meaning.
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