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ABSTRACT

This project is about controlling the speed of DC servo motor by using
Proportional-Integral-Derivative (PID) algorithm then implemented on Peripheral
Interface Circuit (PIC) microcontroller. The main objective of this project is to control
the speed of DC servo motor at the demanded speed or to drive the motor at that speed.
The speed of a DC motor usually is directly proportional to the supply voltage. So, if we
reduce the supply voltage from 12 Volts to 6 Volts, the motor will run at half the speed.
It could be achieved by simply adjusting the voltage sent to the motor, but this is quite
inefficient to do. So, A PID controller becomes the best way to overcome this problem.
PID attempts to correct the error between a measured process variable and a desired
setpoint by calculating and then outputting a corrective action that can adjust the process
accordingly. In this project, the PID algorithm that is added to the system becomes a
closed loop system. A simulation using MATLAB software is implemented to tune PID
algorithm by changing the value of Proportional gain, Kp, Integral gain, Ki and
Derivative gain, Kd to get a speed of the motor which is less overshoot and increase
settling time. Then, a PIC microcontroller is programmed by adding the value of tuned
PID algorithm to control the speed of DC servo motor. At the end of the project, the

speed of the DC servo motor should be maintain even the supply voltage is varied.



vi

ABSTRAK

Projek ini adalah mengenai mengawal kelajuan motor DC servo dengan
menggunakan algorithm “Proportional-Integral-Derivative (PID)” yang kemudiannnya
diimplementasikan pada “PIC microcontroller”. Objektif utama projek ini ialah
mengawal kelajuan motor DC servo pada kelajuan yang dikehendaki atau memandu
motor tersebut pada kelajuan yang dikehendaki. Kelajuan motor DC biasanya berkadar
langsung dengan bekalan kadar voltan. Oleh itu, jika kita mengurarngkan bekalan kadar
voltan daripada 12 voltan kepada 6 voltan, motor juga akan bergerak pada separuh
daripada kelajuan tersebut. Kelajuan motor boleh dicapai dengan mengubah kadar voltan
yang dihantar kepada motor tetapi ia tidak cekap untuk dilakukan. Oleh itu, pengawal
PID merupakan jalan terbaik untuk mengatasi masalah ini. PID berusaha untuk
memperbetul kesilapan diantara perubahan proses yang telah diukur dan titik rujukan
yang dikehendaki dengan mengira dan dan kemudian mengeluarkan satu tindakan
pembetulan yang boleh mengubah proses dengan sewajarnya. Dalam projek ini,
algorithm PID yang ditambah pada sistem menjadi kitaran tertutup. Satu simulasi
mnggunakan MATLAB perisian yang diimplementasikan untuk menala algorithm PID
dengan mengubah nilai pemalar “Proportional”,Kp, pemalar “Integral”,Ki dan pemalar
“Derivative”,Kd untuk mendapat kelajuan motor yang mengurangkan “overshoot” dan
meningkatkan “settling time”. Kemudian, “PIC microcontroller” diprogramkan dengan
menambah nilai algorithm PID yang telah ditala untuk mengawal kelajuan motor. Pada
akhir projek ini, kelajuan motor DC servo sepatutnya tetap walaupun bekalan voltan

bertambah.
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CHAPTER 1

INTRODUCTION

1.1 Background

This project is focusing on controlling the speed of DC servo motor using
Proportional Integral-Derivative (PID) algorithm as a method to reduce overshoot, and
settling time of the motor. Peripheral Interface Circuit (PIC) microcontroller is an

implementation of the motor to control speed by programmed the PIC.

The PID algorithm that is added to the motor becomes a closed loop system. The
system is implemented using MATLAB software and PID algorithm is tuned by
changing the value of Proportional gain, Kp, Integral gain, Ki and Derivative gain, Kd to

get a speed of the motor which is less overshoot and increase settling time.

The PIC microcontroller is programmed using PIC BASIC either using high

language or assembler language.



1.2 Problem Statement

The speed of a DC motor is directly proportional to the supply voltage, so if we
reduce the supply voltage from 12 Volts to 6 Volts, the motor will run at half the speed.

The speed controller works by varying the average voltage sent to the motor. It could
do this by simply adjusting the voltage sent to the motor, but this is quite inefficient to
do.

A better way is to switch the motor's supply on and off very quickly. However, if the

switching is fast enough, the motor doesn't notice it, it only notices the average effect.

So, PID algorithm is the best way to overcome this problem without varying the
voltage sent to the motor. PID will be maintain the speed of motor even the voltage

supply sent to the motor changed.



1.3 Project Objective

The objectives of this project are:

1. To control the speed of DC servo motor using PID algorithm.

ii. To compare the performance speed of the motor using Proportional (P)
controller, Proportional-Integral (PI) controller, Proportional-Derivative (PD)
controller and Proportional-Integral-Derivative (PID) controller.

iii.  To implement PID algorithm in PIC microcontroller.

1.4 Scope of Project

The scope of this project is concentrates on controlling the speed of DC servo motor
using PID algorithm and to compare the performance using Proportional (P) controller,
Proportional-Integral (PI) controller, Proportional-Derivative (PD) controller and
Proportional-Integral-Derivative (PID) controller using simulation in MATLAB

software.



CHAPTER 2

LITERATURE REVIEW

2.1 Servo Motor

DC servo motors are normally used as prime movers in computers, numerically
controlled machinery, or other applications where starts and stops are made quickly and
accurately. Servo motors have lightweight, low-inertia armatures that respond quickly to
excitation-voltage changes. In addition, very low armature inductance in these servo
motors results in a low electrical time constant (typically 0.05 to 1.5 msec) that further

sharpens servo motor response to command signals. [1]

Servo motors include permanent-magnetic, printed-circuit, and moving-coil (or
shell) dc servo motors. The rotor of a shell dc servomotor consists of a cylindrical shell
of copper or aluminum wire coils which rotate in a magnetic field in the annular space
between magnetic pole pieces and a stationary iron core. The servo motor features a
field, which is provided by cast AINiCo magnets whose magnetic axis is radial. Servo

motors usually have two, four, or six poles. [1]



DC servo motor characteristics include inertia, physical shape, costs, shaft
resonance, shaft configuration, speed, and weight. Although these dc servo motors have

similar torque ratings, their physical and electrical constants vary. [1]

DC Servo Motor Selection: The first selection approach is to choose a servo
motor large enough for a machine that has already been designed; the second is to select
the best available servo motor with a specific feature and then build the system around
it; and the third is to study servo motor performance and system requirements and mate

the two. [1]

The final servo motor system design is usually the least sophisticated that meets
the performance specifications reliably. Servo motor requirements may include control
of acceleration, velocity, and position to very close tolerances. This says that the servo
designer must define the system carefully, establish the servo motor's performance
specifications, determine critical areas, and set up tolerances. Only then will the designer

be able to propose an adequate servo system and choose a servo motor type. [1]

2.2 Microcontroller (PIC 16F84)

PIC16F84 belongs to a class of 8-bit microcontrollers of RISC architecture. Its
general structure is shown on the following map representing basic blocks. Program
memory (FLASH)- for storing a written program. Since memory made in FLASH
technology can be programmed and cleared more than once, it makes this

microcontroller suitable for device development. [2]



EEPROM is the data memory that needs to be saved when there is no supply. It
is usually used for storing important data that must not be lost if power supply suddenly
stops. For instance, one such data is an assigned temperature in temperature regulators.
If during a loss of power supply this data was lost, we would have to make the

adjustment once again upon return of supply. Thus our device looses on self-reliance. [2]

RAM is the data memory used by a program during its execution. In RAM are

stored all inter-results or temporary data during run-time. [2]

PORTA and PORTB are physical connections between the microcontroller and

the outside world. Port A has five, and port B has eight pins. [2]

FREE-RUN TIMER is an 8-bit register inside a microcontroller that works
independently of the program. On every fourth clock of the oscillator it increments its
value until it reaches the maximum (255), and then it starts counting over again from
zero. As we know the exact timing between each two increments of the timer contents,

timer can be used for measuring time which is very useful with some devices. [2]

CENTRAL PROCESSING UNIT has a role of connective element between
other blocks in the microcontroller. It coordinates the work of other blocks and executes

the user program. [2]



Free-run

Program

_ MmOty

FLASH

counter
Data
MEMOry
A \
Data
mEmory CPU
EEFRCM
¥
FORT A

FORT B

Figure 2.1 PIC 16F84 outline

2.2.1 Pin description

PIC16F84 has a total of 18 pins. It is most frequently found in a DIP18 type of
case but can also be found in SMD case which is smaller from a DIP. DIP is an
abbreviation for Dual In Package. SMD is an abbreviation for Surface Mount Devices

suggesting that holes for pins to go through when mounting aren't necessary in soldering

this type of a component. [2]
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Figure 2.2 Pin number of PIC 16F84

Table 2.1 Pins on PIC16F84 microcontroller

PIN NO PIN NAME MEANING

1 RA2 Second pin on port A. Has no additional function

2 RA3 Third pin on port A. Has no additional function

3 RA4 Fourth pin on port A. TOCK1 which functions as a
timer is also found on this pin.

4 MCLR Reset input and Vpp programming voltage of a
microcontroller

5 Vss Ground of power supply

6 RBO Zero pin on port B. Interrupt input is an additional
function

7 RBI First pin on port B. No additional function

8 RB2 Second pin on port B. No additional function

9 RB3 Third pin on port B. No additional function

10 RB4 Fourth pin on port B. No additional function

11 RBS5 Fifth pin on port B. No additional function

12 RB6 Sixth pin on port B. 'Clock’ line in program mode

13 RB7 Seventh pin on port B. 'Data’ line in program mode




14 Vdd Positive power supply pole

15 0SC2 Pin assigned for connecting with an oscillator
16 OSCl1 Pin assigned for connecting with an oscillator
17 RAO Second pin on port A. No additional function
18 RA1 First pin on port A. No additional function

2.2.2 Central Processing Unit

Central processing unit (CPU) is the brain of a microcontroller. This part is
responsible for finding and fetching the right instruction which needs to be executed, for
decoding that instruction, and finally for its execution. Central processing unit connects

all parts of the microcontroller into one whole. [2]

2.2.3 Status Register

RAN-D RAMD  RAM-O RAMV-T RAM-T RAM-x RAM-x RAN-x
IRP RP1 RFO | TO PD 7 oC C
T ]

R =Readable bt W =Writable hit
U = Unimplemented bit, read az'00 - n = Value at power-on reset

Figure 2.3 Status Register
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2.2.4 Addressing Mode

RAM  memory locations can be accessed directly or indirectly.

1) Direct addressing

Direct Addressing is done through a 9-bit address. This address is obtained by
connecting 7th bit of direct address of an instruction with two bits (RP1, RPO0)
from STATUS register as is shown on the following picture. [2]

status register

RP1  BP2 Sevien bits frorm instructions

Selected *
hani oo 1
oo
Selected Jocation
]|
4F
TF

BankO Bank1

Figure 2.4 Direct addressing

i) Indirect Addressing

Indirect unlike direct addressing does not take an address from an instruction but

derives it from IRP bit of STATUS and FSR registers. Addressed location is
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accessed via INDF register which in fact holds the address indicated by a FSR. In
other words, any instruction which uses INDF as its register in reality accesses

data indicated by a FSR register. [2]

Indirect addressing is very convenient for manipulating data arrays located in
GPR registers. In this case, it is necessary to initialize FSR register with a
starting address of the array, and the rest of the data can be accessed by

incrementing the FSR register. [2]

Sefectadd
bank
oo 01
nn
Selected Jocation
ng
4F
TF

BankD Bank1

Figure 2.5 Indirect addressing
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2.2.5 Applications

PIC16F84 perfectly fits many uses, from automotive industries and controlling
home appliances to industrial instruments, remote sensors, electrical door locks and
safety devices. It is also ideal for smart cards as well as for battery supplied devices

because of its low consumption. [2]

EEPROM memory makes it easier to apply microcontrollers to devices where
permanent storage of various parameters is needed (codes for transmitters, motor speed,
receiver frequencies, etc.). Low cost, low consumption, easy handling and flexibility
make PIC16F84 applicable even in areas where microcontrollers had not previously
been considered (example: timer functions, interface replacement in larger systems,

coprocessor applications, etc.). [2]

In System Programmability of this chip (along with using only two pins in data
transfer) makes possible the flexibility of a product, after assembling and testing have
been completed. This capability can be used to create assembly-line production, to store
calibration data available only after final testing, or it can be used to improve programs

on finished products. [2]
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2.3 Proportional-Integral-Derivative (PID) Controller

A proportional—integral-derivative controller (PID controller) is a generic
control loop feedback mechanism widely used in industrial control systems. A PID
controller attempts to correct the error between a measured process variable and a
desired setpoint by calculating and then outputting a corrective action that can adjust the

process accordingly. [3]

The PID controller calculation (algorithm) involves three separate parameters;
the Proportional, the Integral and Derivative values. The Proportional value determines
the reaction to the current error, the Integral determines the reaction based on the sum of
recent errors and the Derivative determines the reaction to the rate at which the error has
been changing. The weighted sum of these three actions is used to adjust the process via
a control element such as the position of a control valve or the power supply of a heating

element. [3]

By "tuning" the three constants in the PID controller algorithm, the controller can
provide control action designed for specific process requirements. The response of the
controller can be described in terms of the responsiveness of the controller to an error,
the degree to which the controller overshoots the setpoint and the degree of system
oscillation. Note that the use of the PID algorithm for control does not guarantee optimal

control of the system or system stability. [3]

Some applications may require using only one or two modes to provide the
appropriate system control. This is achieved by setting the gain of undesired control

outputs to zero. A PID controller will be called a PI, PD, P or I controller in the absence



14

of the respective control actions. PI controllers are particularly common, since derivative
action is very sensitive to measurement noise, and the absence of an integral value may

prevent the system from reaching its target value due to the control action. [3]

I -
B I K e
.+ -k 7
=Setpoint Error -« | "’hj‘ elr)dr 1= Cutput —e
i
o D x de(1)
“ dr

Figure 2.6 A block diagram of a PID controller

2.4 Ziegler-Nichols Method

The Ziegler—Nichols tuning method is a heuristic method of tuning a PID
controller. It was developed by John G. Ziegler and Nathaniel B. Nichols. It is
performed by setting the / and D gains to zero. The "P" gain is then increased (from
zero) until it reaches the critical gain K., at which the output of the control loop begins to
oscillate. K, and the oscillation period 7, are used to set the P, I, and D gains depending

on the type of controller used: [4]



Steps :

1) Place controller into automatic with low gain, no reset or derivative.

i1) Gradually increase gain, making small changes in the setpoint, until oscillations start.

ii1) Adjust gain to make the oscillations continue with a constant amplitude.

iv) Note the gain (Ultimate Gain, Gu,) and Period (Ultimate Period, Pu.)

v) The Ultimate Gain, Gu, is the gain at which the oscillations continue with a constant

amplitude.
]
[5]
Figure 2.7 Oscillations with constant amplitude
Table 2.2 Estimation value for gain, reset and derivative
Gain Reset Derivative
P 0.5 Gu - -
PI 0.45 Gu 1.2u -
PID 0.6 Gu 2/Pu Pu/8




CHAPTER 3

METHODOLOGY

Some methodologies are apply in order to control the DC servo motor control
using PID method which is implement in PIC 16F84A microcontroller. The relationship

of this project is shown below:

Clonfisuration hardsrare and
software

1

Inteoraticn -

!

Simulating speed of motor using

FIT» iu‘LIuaLl'cxb Tulodilying

Yy

Frogramming using assemnbsly
Language in FPIC

!

// -"‘""-u\__\_‘_\_\_‘_

- —
Werifiyin, T~
- Fing =

/\

— o
— l/--

TrRat r11n o tor

!

End

Figure 3.1 Project procedure
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Configuration;

Hardware and software that involve in the system should be configuring to
ensure that the system can run properly. The hardware of the system are PIC 16F84 and
DC servo motor (Clifton Precision JDH-2250-HF-2C-E) while the software are PICbasic

and matlab

Programming;
After configure the hardware and software, the second stage is designing the
program. The program must be developing in order to ensure the DC servo motor is run

as the needed position.

Verifying;
This project must be verified to ensure either the system is run or not. The

program must be modified if the motor not run properly.

Integration;
This part of the project is explaining the background of the motor control
deriving, PID method simulating in matlab and the integration of the DC servo motor,

PID algorithm and PIC microcontroller.
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3.1 Modeling DC Servo Motor

The first step of this project is modeling the DC servo motor. Motor modeling is
required in order to obtain the transfer function of the motor which is providing the open
loop system of this project. Then PID controller is adding to changing the system to

closed loop system. Below is the step of the motor modeling.

R=2.7Q
L=0.004 H

K=0.105 Vs rad’!
K=0.105Nm A™
J=0.0001 Kg m*
B=0.0000093 Nms rad™'

=i T 4V (3.1)
d L L L
do, _K, B, (3.2)
dt J J
di, R K |
dt L L —
+| LV 3.3
dwr 5 _£ {a)r:| 0 ‘ ( )
dt J J
i
y=[o 1{a }[o]n
a)r
di, 27 0105 .
dt 0.004 0.004 i, —
= +1 0.004 |V
do, 0.105 ~0.0000093 L}} 0 “
dt 0.0001 0.0001

-675  —26.25 —-250
A = B =
1050 —-0.093 0
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c=[0 1] D=[0]
[I—A]—_S 0] [-675 -26.25 34
P00 s l0s0 —0.093 G4

[s+675  26.25
-1050  s—0.093

From [sf — 4] = 44 =4) (3.5)
def (sl — A)
(a b J 1 (d —b]
If 4= o A-1= (3.6)
c d ad —bc\—c a

ad-bc = (s-675)(5+0.093)-(26.25)(1050)
= s%+0.093s — 675s + 62.775 + 27562.5
— §* + 675.093s + 27625.275

[SI — A]f1 =

1 s—0.093 —26.25
s? +675.093s +27625.275| 1050 s—675

s—0.093 -26.25
B 1050 s—675
 $? +675.093s + 27625.275

Y(s) (3.7)

T(s) e Clsi-4]'B+D

s—0.093 —2625
~ { 1050 s—675} 250
-l ]sz+675.093s+27625.275{ 0 }[]
~ 262500
2 +675.0935+27625.275

Y(s) 262500
U(s) s> +675.093s +27625.275

T(s)=
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Table 3.1 show the typical value of the Proportional, Integral and Derivative

feedback coefficients for PID-type controllers.

Table 3.1 Ziegler Tuning Table

controller Kp Ki Kd
PID Kp €[0.1 0.5]Kpmax Ki€[0.1 10]x Kp€[0.05 1]x
KpmaxTosc KpmaxTosc
PD Kp €[0.1 0.5]Kpmax 0 Kp€[0.05 1]x
KpmaxTosc
PI Kp €[0.05 0.5]Kpmax | Ki€[0.01 1]x 0
KpmaxTosc
P Kp €10.05 0.5]Kpmax |0 0

The value of Kpmax and Tosc are such as below:
Kpmax = 1400
Tosc =0.037s

Table 3.2 show the range value of Proportional, Integral and Derivative gain
after multiply to the Kpmax and Tosc value. The value of Kpmax can be get by setting
the value of Integral gain,Ki and Derivative gain,Kd to zero. Then, tuning the value of
Proportional gain,Kp until get an oscillation. The value of the best oscillation is the
value of Kpmax. The value of Tosc is the different value of time for the two first of the

oscillation.
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Table 3.2 Range value of controller

controller Kp Ki Kd

PID 140 - 700 5.18 - 518 2.59-51.8
PD 140 - 700 0 2.59-51.8
PI 70 -700 0.518-51.8 0

P 70 - 700 0 0

3.3 Hardware Development

This part is about implementation PID controller to the PIC microcontroller. In
order to develop this part, its need hardware consist of some components. The best
components must be choosing by considering some factors such as quality, reliability
and cost effective. By choosing or using the wrong components will lead to much more

problems to the hardware development and also escalating cost.

3.3.1 DC Servo motor

There are various types of motor such as DC motor, stepper motor and servo
motor. In this project, the speed of DC servo motor is an importance. The speed of a DC
servo motor is directly proportional to the supply voltage. The speed controller works by
varying the average voltage sent to the motor. So, DC servo motor (Clifton Precision
JDH 2250-HF-2C-E) was selected because servo motors have low-inertia armatures that

respond quickly to excitation-voltage changes. Servomotors have three wires; usually
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red, black and white. The red wire is for +VDC, the black for ground and the white is for

position control.

Figure 3.2 Clifton Precision JDH 2250-HF-2C-E

Table 3.3 Parameters of motor

PARAMETER SYMBOL VALUE
Resistances of armature R 2.7Q
Inductances of armature L 0.004 H
Inertia J 0.0001 Kg m”
Friction Coefficient B 0.0000093 Nms rad”’
Torque K 0.105 Vs rad™
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3.3.2 PIC 16F84

In this project, PIC 16F84 microcontroller was selected to drives the DC servo
motor. The PIC microcontroller was programmed to give instruction to drive the DC
servo motor. DC servo motor can be connected to output port which is PORTB, from
RB1 to RB7. RB1 which is located at pin 6 was selected to connect DC servo motor in
this project such as in Figure 3.3. 4-MHz oscillator is used because the circuit this time

doesn't need high-speed operation.
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Figure 3.3 PIC 16F84 microcontroller circuit
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3.3.3 Power Supply

The purpose of this circuit is to keep power supply voltage to PIC to 5V.
In this case, the voltage which is applied to PIC becomes less than 5V because of the
voltage drop (about 1V) of the regulator. In case of PIC16F84 , the operation is possible
even if the power falls to about 3V because the operating voltage range is from 2V to

5.5V. It is enough in the 100-mA type.

L3
TE0S
[P — PP Y §
i
—L_ci1o 2 L_c12 C11
T T Tm
P— L

Figure 3.4 Power Supply circuit

3.4 Software Development

This topic is discussed the development of software in order to complete this
project. There are MATLAB 7.0 to develop PID method and Melabs EPIC™

Programmer software to program the PIC microcontroller.
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3.4.1 PID Method

From the modeling DC servo motor, the transfer function is

Y(s) 262500

T(S) = - 2
U(s) s~ +675.093s+27625.275

(3.8)

The system before using PID controller is looks like in Figure 3.5:

262500
R ———» 1675.093s+27625275 > Y

Figure 3.5 System before using PID controller

Then, PID controller is added to the system. Now, the system looks like in Figure 3.6:

PID controller R 262500
R P $? 1 675.093s+27625.275

v
=~

Figure 3.6 System with PID controller
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In Figure 3.6, the variable (e) represents the tracking error which is the difference
between the desired input value (R) and the actual output (Y). This error signal (e) will
be sent to the PID controller, and the controller computes both the derivative and the
integral of this error signal. The signal (u) just past the controller is now equal to the
proportional gain (Kp) times the magnitude of the error plus the integral gain (Ki) times
the integral of the error plus the derivative gain (Kd) times the derivative of the error

(equation 3).

The transfer function of the PID controller is:

. K,;s° +K,s+K,
K+ Ry = et TR S (3.9)
s s
So, the signal (u) that is past the controller is:
de
U=KPe+Ki.[edt+KdE (3.10)

This signal (u) will be sent to the plant, and the new output (Y) will be obtained.
This new output (Y) will be sent back to the sensor again to find the new error signal (e).
The controller takes this new error signal and computes its derivative and its integral

again. This process goes on and on.
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In this project, the PID controller that was added into the system is designed

using m-file in matlab software. (Refer Figure 3.7)

=) MATLAB
Cdit

Debuq  Desktop  Window  1lelp

P-Fil=

Lirectory: | UM | LAE S WOk

e Clrl+o Figurc

lose Command Wirdow

warial iz

L-m;:vo.r-'t Liata. .. Madcl Conemnand Window
Save Workspace As... Chri+S LT,
Set Path, .. Class To get started, select E

Freferences. ..
= 7 - =
PAOR SEhn.. .
Prink
Pritil

T b Pkl A0 e
2 Cih. . Deckbopt Unkited2 . m
A CAMATI ART v rkyPTD PSM0
4 Fiymatlab PIDYErye 1. m
Bt M L.I\B ) ) erly

i

4 =

Figure 3.7 Designed using m-file

Then the following commands are typing into m-file. (Refer Figure 3.8)

File Edit Text Desktop Window Help A X

D H fa@Boo & M5 HOAB = O

1 [1=0.0001; ~

Z h=0.0000093;

3 K=0.105:;

4 R=2.7;

5 L=0.004

5] r=[-R/L -E/L

7 K/J -h/J]

8 E=[1/L -

9 0]

10 c=[0o 11:

11 D=0;

1z [hwa, den]=sz2cf (L, B, <, DiI:

13 nurm=nurn (3 2 e
| soript i 1 Col 1

Figure 3.8 Typing program

In Figure 3.8, ‘[num,den] = ss2tf(A,B,C,D’) command creates the numerator

and denominator of the transfer function of DC servo motor. This numerical
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inconsistency can be eliminated by adding the following ‘num=num(3)’ command after

the ss2tf command to get rid of the numbers that are not supposed to be there.

The transfer function of PID controller is recalled using following commands.
The value of the proportional gain, Kp, integral gain Ki and derivative gain, Kd can be

adjust by changing the value. (Refer Figure 3.9):

& Editor - C:\Documents and Settingsiuser\DesktopiUntitled3.m |;||E|rz|
File Edit Text Desktop ‘Window Help A X

OBl {RBRo |3 M F ED]EE’|D
15 Kp=700: b
16 Ki=518;
17 Kd=51;

18 numc=[Kd, Ep, Ki]l:

19 dene=[1 0]:

20 numESCcony (num, nume) =
21 dena=conv(den,denc); w

| zcript Ln 7 Col 17

Figure 3.9 Changing the value

The closed loop of the system is determined by ‘cloop’ command and the

command ‘step (numac,denac)’is to see how the step response looks as in Figure 3.10.

@ Editor - C:\Documents and Settings\user\Desktop\Untitled3.m EHEFE
File Edt Text Desktop ‘Window Help A X

[ H + @0 |8 #S BOHS&O
22 [numac,denac]=cloop (numa, deha) ; {5
23 step (nuwac, denac) W

script In7 catr

Figure 3.10 Closed loop system
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Then, save and run it such in Figure 3.11.

2 Editor, - Untitled® M=
File Edit Text Cell Tools ReEElEN Deskiop  ‘Window Help ¥ P ox
D @ | % B 88 e v Oron ies whon Dobugiing ] "OF
1 J=0.0001; A
2 b=0.0000093 ;
3 E=0.105;
4 =87
5 L=0.004;
6 L=[-R/L -E/1
7 E/fd b/ =k o di
=] B=[1/L Ena ble point:
: Bl Clear Breakpaints in All Files
L £l ks Skop if Errorswarnings. .. -4
11 D=0;
Exit Debug Made
1z [num, den] =ss2t =
13 nuwwm=num (3) 2
14
15 Kp=700;
16 Ti=C18. bt
| script n 23 col 18 '

Figure 3.11 Save and run

The result of this system is obtained by changing the value of the proportional
gain, Kp, integral gain Ki and derivative gain, Kd. The best five result for the
proportional (P) controller, proportional-Integral (PI) controller, proportional-derivative
(PD) controller and proportional-integral-derivative (PID) controller that is apply in this

system is obtained.
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3.4.2 Program the PIC Microcontroller

In order to interface the hardware with the electronic equipment, Melabs EPIC™
Programmer software is required. This programmer is a software program that runs on a
PC to develop applications for Microchip microcontrollers. Before that we need to
change the type of document by compiling it with the MicroCode Studio. Below are the
steps on how to develop the project using this software:

(1) Open the MicroCode Studio program
(i1) Compile the program

Mo e Stdio - FILUASLL FRU funmannzd helseopoe phed S
o M bropdt lep
¥ | j ! R [
_Ihl 1 oo | |y G - WL EEIEE
TR (T -l o i

v duelor

oM s ca TERG._RDTEAR CETTONT

v Daly
s waratan 2 107

voMutoe

A

LEILHE  co: H

DEILHE oo
TFFTHF c::
DEILHE
LEFIHE -~
~iled = %C002IC00 TLEL Uetlpat
ik 1117711 fComane Tapen

"Ear Tafs me

[ WAR LIELE

LZ VAN RY¥TE
APTRNT WAK LETE
OESEDS VAN RYTF
BI=Lzh

DZ ZI%

HERML .=, 077
WPRRT L. 02 <022

4l |
(G b [Zlwe s |
iﬁum”_ TLazana kL -Fazosoft v, Il'-i'uc:.cce ek | M il 1w - Shmlinn ] ST s

Figure 3.12 Programming of the system

Figure 3.12 shows the programming of the system after the compilation is done.
Before we do the compilation, we must save the document and then we compile. The

documentation type will change to the .HEX after the compiling.
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(iii) Open the Melabs EPIC™ Programmer

melabs Programmer ;IEI EI

File Wiew Program Options Help

el 9 v o g i [Frsrsso ~llc M

Figure 3.13 Select for PIC16F84A

Open Melabs EPIC™ Programmer then select for PIC16F84A. The melabs
EPIC™ Programmer connects to a PC compatible parallel printer port. The melabs
Serial Programmer connects to a PC compatible serial port. The melabs USB
Programmer and melabs U2 Programmer connect to a PC USB port or powered USB

hub. Each programmer may be controlled by the melabs Programmer software.

(iv) Open melabs configuration

meProg - Configuration ;lglﬂ
FLL Prezcaler 42 [8 MHz] j -~
System Clock Postecaler F2147) j
USE Clock. 36 MHz PLL /2 j
Dscillator HSPLL |
Fail-5afe Clack Manitar Enabled j
Internal Esternal Switch Ower Enabled j
FPower-up Timer Digzabled j
Brown-out Feset Enabled, SBOREM Disej
Brown-out A ezet Waltage 2.0 7 |l|

Figure 3.14 Setup for PLL
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After the selection of the PIC type Figure 3.14 show the step to setup the melabs
configuration for PLL application. Seen the 4 MHz crystal is used and the HS mode

oscillator for frequencies is up to 48 MHz, the configuration must be fill correctly.

(v) Open the compile programming

Open B 2|

Loak i IE Cormpile Programn j - I:_.:F -

hpwm program. hex
unmanned helicopter, hex

File: marne: fl Open I
Files af type: IHe:-: Files [*.hax] ;I Cancel |
4

Figure 3.15 Programming selected

Figure 3.15 show the step for selecting the programming that had been saving in
.HEX type documentation. This were done after the deleting the entire previous program

in the PIC.



33

(vi) Verify the Program

x

@ Programverify complete,

Figure 3.16 Verifying the program

Figure 3.16 shows the complete of verifying program and the

PIC 16F84A is ready to be used.



3.5 Circuit Diagram
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Figure 3.17 Circuit diagram for the whole system
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3.6 Final Prototype

R

Figure 3.18 Main Circuit

Figure 3.19 Motor and encoder



Figure 3.20 The whole system
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CHAPTER 3

METHODOLOGY

Some methodologies are apply in order to control the DC servo motor control
using PID method which is implement in PIC 16F84A microcontroller. The relationship

of this project is shown below:

Clonfisuration hardsrare and
software

1

Inteoraticn -

!

Simulating speed of motor using

FIT» iu‘LIuaLl'cxb Tulodilying

Yy

Frogramming using assemnbsly
Language in FPIC

!

// -"‘""-u\__\_‘_\_\_‘_

- —
Werifiyin, T~
- Fing =

/\

— o
— l/--

TrRat r11n o tor

!

End

Figure 3.1 Project procedure
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Configuration;

Hardware and software that involve in the system should be configuring to
ensure that the system can run properly. The hardware of the system are PIC 16F84 and
DC servo motor (Clifton Precision JDH-2250-HF-2C-E) while the software are PICbasic

and matlab

Programming;
After configure the hardware and software, the second stage is designing the
program. The program must be developing in order to ensure the DC servo motor is run

as the needed position.

Verifying;
This project must be verified to ensure either the system is run or not. The

program must be modified if the motor not run properly.

Integration;
This part of the project is explaining the background of the motor control
deriving, PID method simulating in matlab and the integration of the DC servo motor,

PID algorithm and PIC microcontroller.
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3.1 Modeling DC Servo Motor

The first step of this project is modeling the DC servo motor. Motor modeling is
required in order to obtain the transfer function of the motor which is providing the open
loop system of this project. Then PID controller is adding to changing the system to

closed loop system. Below is the step of the motor modeling.

R=2.7Q
L=0.004 H

K=0.105 Vs rad’!
K=0.105Nm A™
J=0.0001 Kg m*
B=0.0000093 Nms rad™'

=i T 4V (3.1)
d L L L
do, _K, B, (3.2)
dt J J
di, R K |
dt L L —
+| LV 3.3
dwr 5 _£ {a)r:| 0 ‘ ( )
dt J J
i
y=[o 1{a }[o]n
a)r
di, 27 0105 .
dt 0.004 0.004 i, —
= +1 0.004 |V
do, 0.105 ~0.0000093 L}} 0 “
dt 0.0001 0.0001

-675  —26.25 —-250
A = B =
1050 —-0.093 0
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c=[0 1] D=[0]
[I—A]—_S 0] [-675 -26.25 34
P00 s l0s0 —0.093 G4

[s+675  26.25
-1050  s—0.093

From [sf — 4] = 44 =4) (3.5)
def (sl — A)
(a b J 1 (d —b]
If 4= o A-1= (3.6)
c d ad —bc\—c a

ad-bc = (s-675)(5+0.093)-(26.25)(1050)
= s%+0.093s — 675s + 62.775 + 27562.5
— §* + 675.093s + 27625.275

[SI — A]f1 =

1 s—0.093 —26.25
s? +675.093s +27625.275| 1050 s—675

s—0.093 -26.25
B 1050 s—675
 $? +675.093s + 27625.275

Y(s) (3.7)

T(s) e Clsi-4]'B+D

s—0.093 —2625
~ { 1050 s—675} 250
-l ]sz+675.093s+27625.275{ 0 }[]
~ 262500
2 +675.0935+27625.275

Y(s) 262500
U(s) s> +675.093s +27625.275

T(s)=
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Table 3.1 show the typical value of the Proportional, Integral and Derivative

feedback coefficients for PID-type controllers.

Table 3.1 Ziegler Tuning Table

controller Kp Ki Kd
PID Kp €[0.1 0.5]Kpmax Ki€[0.1 10]x Kp€[0.05 1]x
KpmaxTosc KpmaxTosc
PD Kp €[0.1 0.5]Kpmax 0 Kp€[0.05 1]x
KpmaxTosc
PI Kp €[0.05 0.5]Kpmax | Ki€[0.01 1]x 0
KpmaxTosc
P Kp €10.05 0.5]Kpmax |0 0

The value of Kpmax and Tosc are such as below:
Kpmax = 1400
Tosc =0.037s

Table 3.2 show the range value of Proportional, Integral and Derivative gain
after multiply to the Kpmax and Tosc value. The value of Kpmax can be get by setting
the value of Integral gain,Ki and Derivative gain,Kd to zero. Then, tuning the value of
Proportional gain,Kp until get an oscillation. The value of the best oscillation is the
value of Kpmax. The value of Tosc is the different value of time for the two first of the

oscillation.
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Table 3.2 Range value of controller

controller Kp Ki Kd

PID 140 - 700 5.18 - 518 2.59-51.8
PD 140 - 700 0 2.59-51.8
PI 70 -700 0.518-51.8 0

P 70 - 700 0 0

3.3 Hardware Development

This part is about implementation PID controller to the PIC microcontroller. In
order to develop this part, its need hardware consist of some components. The best
components must be choosing by considering some factors such as quality, reliability
and cost effective. By choosing or using the wrong components will lead to much more

problems to the hardware development and also escalating cost.

3.3.1 DC Servo motor

There are various types of motor such as DC motor, stepper motor and servo
motor. In this project, the speed of DC servo motor is an importance. The speed of a DC
servo motor is directly proportional to the supply voltage. The speed controller works by
varying the average voltage sent to the motor. So, DC servo motor (Clifton Precision
JDH 2250-HF-2C-E) was selected because servo motors have low-inertia armatures that

respond quickly to excitation-voltage changes. Servomotors have three wires; usually
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red, black and white. The red wire is for +VDC, the black for ground and the white is for

position control.

Figure 3.2 Clifton Precision JDH 2250-HF-2C-E

Table 3.3 Parameters of motor

PARAMETER SYMBOL VALUE
Resistances of armature R 2.7Q
Inductances of armature L 0.004 H
Inertia J 0.0001 Kg m”
Friction Coefficient B 0.0000093 Nms rad”’
Torque K 0.105 Vs rad™
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3.3.2 PIC 16F84

In this project, PIC 16F84 microcontroller was selected to drives the DC servo
motor. The PIC microcontroller was programmed to give instruction to drive the DC
servo motor. DC servo motor can be connected to output port which is PORTB, from
RB1 to RB7. RB1 which is located at pin 6 was selected to connect DC servo motor in
this project such as in Figure 3.3. 4-MHz oscillator is used because the circuit this time

doesn't need high-speed operation.
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Figure 3.3 PIC 16F84 microcontroller circuit
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3.3.3 Power Supply

The purpose of this circuit is to keep power supply voltage to PIC to 5V.
In this case, the voltage which is applied to PIC becomes less than 5V because of the
voltage drop (about 1V) of the regulator. In case of PIC16F84 , the operation is possible
even if the power falls to about 3V because the operating voltage range is from 2V to

5.5V. It is enough in the 100-mA type.

L3
TE0S
[P — PP Y §
i
—L_ci1o 2 L_c12 C11
T T Tm
P— L

Figure 3.4 Power Supply circuit

3.4 Software Development

This topic is discussed the development of software in order to complete this
project. There are MATLAB 7.0 to develop PID method and Melabs EPIC™

Programmer software to program the PIC microcontroller.
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3.4.1 PID Method

From the modeling DC servo motor, the transfer function is

Y(s) 262500

T(S) = - 2
U(s) s~ +675.093s+27625.275

(3.8)

The system before using PID controller is looks like in Figure 3.5:

262500
R ———» 1675.093s+27625275 > Y

Figure 3.5 System before using PID controller

Then, PID controller is added to the system. Now, the system looks like in Figure 3.6:

PID controller R 262500
R P $? 1 675.093s+27625.275

v
=~

Figure 3.6 System with PID controller
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In Figure 3.6, the variable (e) represents the tracking error which is the difference
between the desired input value (R) and the actual output (Y). This error signal (e) will
be sent to the PID controller, and the controller computes both the derivative and the
integral of this error signal. The signal (u) just past the controller is now equal to the
proportional gain (Kp) times the magnitude of the error plus the integral gain (Ki) times
the integral of the error plus the derivative gain (Kd) times the derivative of the error

(equation 3).

The transfer function of the PID controller is:

. K,;s° +K,s+K,
K+ Ry = et TR S (3.9)
s s
So, the signal (u) that is past the controller is:
de
U=KPe+Ki.[edt+KdE (3.10)

This signal (u) will be sent to the plant, and the new output (Y) will be obtained.
This new output (Y) will be sent back to the sensor again to find the new error signal (e).
The controller takes this new error signal and computes its derivative and its integral

again. This process goes on and on.
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In this project, the PID controller that was added into the system is designed

using m-file in matlab software. (Refer Figure 3.7)

=) MATLAB
Cdit

Debuq  Desktop  Window  1lelp

P-Fil=

Lirectory: | UM | LAE S WOk

e Clrl+o Figurc

lose Command Wirdow

warial iz

L-m;:vo.r-'t Liata. .. Madcl Conemnand Window
Save Workspace As... Chri+S LT,
Set Path, .. Class To get started, select E

Freferences. ..
= 7 - =
PAOR SEhn.. .
Prink
Pritil

T b Pkl A0 e
2 Cih. . Deckbopt Unkited2 . m
A CAMATI ART v rkyPTD PSM0
4 Fiymatlab PIDYErye 1. m
Bt M L.I\B ) ) erly

i

4 =

Figure 3.7 Designed using m-file

Then the following commands are typing into m-file. (Refer Figure 3.8)

File Edit Text Desktop Window Help A X

D H fa@Boo & M5 HOAB = O

1 [1=0.0001; ~

Z h=0.0000093;

3 K=0.105:;

4 R=2.7;

5 L=0.004

5] r=[-R/L -E/L

7 K/J -h/J]

8 E=[1/L -

9 0]

10 c=[0o 11:

11 D=0;

1z [hwa, den]=sz2cf (L, B, <, DiI:

13 nurm=nurn (3 2 e
| soript i 1 Col 1

Figure 3.8 Typing program

In Figure 3.8, ‘[num,den] = ss2tf(A,B,C,D’) command creates the numerator

and denominator of the transfer function of DC servo motor. This numerical
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inconsistency can be eliminated by adding the following ‘num=num(3)’ command after

the ss2tf command to get rid of the numbers that are not supposed to be there.

The transfer function of PID controller is recalled using following commands.
The value of the proportional gain, Kp, integral gain Ki and derivative gain, Kd can be

adjust by changing the value. (Refer Figure 3.9):

& Editor - C:\Documents and Settingsiuser\DesktopiUntitled3.m |;||E|rz|
File Edit Text Desktop ‘Window Help A X

OBl {RBRo |3 M F ED]EE’|D
15 Kp=700: b
16 Ki=518;
17 Kd=51;

18 numc=[Kd, Ep, Ki]l:

19 dene=[1 0]:

20 numESCcony (num, nume) =
21 dena=conv(den,denc); w

| zcript Ln 7 Col 17

Figure 3.9 Changing the value

The closed loop of the system is determined by ‘cloop’ command and the

command ‘step (numac,denac)’is to see how the step response looks as in Figure 3.10.

@ Editor - C:\Documents and Settings\user\Desktop\Untitled3.m EHEFE
File Edt Text Desktop ‘Window Help A X

[ H + @0 |8 #S BOHS&O
22 [numac,denac]=cloop (numa, deha) ; {5
23 step (nuwac, denac) W

script In7 catr

Figure 3.10 Closed loop system
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Then, save and run it such in Figure 3.11.

2 Editor, - Untitled® M=
File Edit Text Cell Tools ReEElEN Deskiop  ‘Window Help ¥ P ox
D @ | % B 88 e v Oron ies whon Dobugiing ] "OF
1 J=0.0001; A
2 b=0.0000093 ;
3 E=0.105;
4 =87
5 L=0.004;
6 L=[-R/L -E/1
7 E/fd b/ =k o di
=] B=[1/L Ena ble point:
: Bl Clear Breakpaints in All Files
L £l ks Skop if Errorswarnings. .. -4
11 D=0;
Exit Debug Made
1z [num, den] =ss2t =
13 nuwwm=num (3) 2
14
15 Kp=700;
16 Ti=C18. bt
| script n 23 col 18 '

Figure 3.11 Save and run

The result of this system is obtained by changing the value of the proportional
gain, Kp, integral gain Ki and derivative gain, Kd. The best five result for the
proportional (P) controller, proportional-Integral (PI) controller, proportional-derivative
(PD) controller and proportional-integral-derivative (PID) controller that is apply in this

system is obtained.
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3.4.2 Program the PIC Microcontroller

In order to interface the hardware with the electronic equipment, Melabs EPIC™
Programmer software is required. This programmer is a software program that runs on a
PC to develop applications for Microchip microcontrollers. Before that we need to
change the type of document by compiling it with the MicroCode Studio. Below are the
steps on how to develop the project using this software:

(1) Open the MicroCode Studio program
(i1) Compile the program

Mo e Stdio - FILUASLL FRU funmannzd helseopoe phed S
o M bropdt lep
¥ | j ! R [
_Ihl 1 oo | |y G - WL EEIEE
TR (T -l o i

v duelor

oM s ca TERG._RDTEAR CETTONT

v Daly
s waratan 2 107

voMutoe

A

LEILHE  co: H

DEILHE oo
TFFTHF c::
DEILHE
LEFIHE -~
~iled = %C002IC00 TLEL Uetlpat
ik 1117711 fComane Tapen

"Ear Tafs me

[ WAR LIELE

LZ VAN RY¥TE
APTRNT WAK LETE
OESEDS VAN RYTF
BI=Lzh

DZ ZI%

HERML .=, 077
WPRRT L. 02 <022

4l |
(G b [Zlwe s |
iﬁum”_ TLazana kL -Fazosoft v, Il'-i'uc:.cce ek | M il 1w - Shmlinn ] ST s

Figure 3.12 Programming of the system

Figure 3.12 shows the programming of the system after the compilation is done.
Before we do the compilation, we must save the document and then we compile. The

documentation type will change to the .HEX after the compiling.
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(iii) Open the Melabs EPIC™ Programmer

melabs Programmer ;IEI EI

File Wiew Program Options Help

el 9 v o g i [Frsrsso ~llc M

Figure 3.13 Select for PIC16F84A

Open Melabs EPIC™ Programmer then select for PIC16F84A. The melabs
EPIC™ Programmer connects to a PC compatible parallel printer port. The melabs
Serial Programmer connects to a PC compatible serial port. The melabs USB
Programmer and melabs U2 Programmer connect to a PC USB port or powered USB

hub. Each programmer may be controlled by the melabs Programmer software.

(iv) Open melabs configuration

meProg - Configuration ;lglﬂ
FLL Prezcaler 42 [8 MHz] j -~
System Clock Postecaler F2147) j
USE Clock. 36 MHz PLL /2 j
Dscillator HSPLL |
Fail-5afe Clack Manitar Enabled j
Internal Esternal Switch Ower Enabled j
FPower-up Timer Digzabled j
Brown-out Feset Enabled, SBOREM Disej
Brown-out A ezet Waltage 2.0 7 |l|

Figure 3.14 Setup for PLL
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After the selection of the PIC type Figure 3.14 show the step to setup the melabs
configuration for PLL application. Seen the 4 MHz crystal is used and the HS mode

oscillator for frequencies is up to 48 MHz, the configuration must be fill correctly.

(v) Open the compile programming

Open B 2|

Loak i IE Cormpile Programn j - I:_.:F -

hpwm program. hex
unmanned helicopter, hex

File: marne: fl Open I
Files af type: IHe:-: Files [*.hax] ;I Cancel |
4

Figure 3.15 Programming selected

Figure 3.15 show the step for selecting the programming that had been saving in
.HEX type documentation. This were done after the deleting the entire previous program

in the PIC.
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(vi) Verify the Program

x

@ Programverify complete,

Figure 3.16 Verifying the program

Figure 3.16 shows the complete of verifying program and the

PIC 16F84A is ready to be used.



3.5 Circuit Diagram
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Figure 3.17 Circuit diagram for the whole system
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3.6 Final Prototype

R

Figure 3.18 Main Circuit

Figure 3.19 Motor and encoder



Figure 3.20 The whole system
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CHAPTER 4

RESULT AND ANALYSIS

This chapter discusses the result of simulation using no controller, Proportional,
Proportional-Integral, Proportional-Derivative, and Proportional-Integral-Derivative

Controller by MATLAB software.
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4.1 No Controller

The result simulates using no controller is shown below:

System: sys
Final %alue: 9.5

Step Responze
10 T T

— - — - — i m e m — m e e e — a — - -I
i /_/_/___—_ , System: syvs T

= Hing Time (sec) 0.091
| System: sys —

Rize Time (sec): 00504

I
|
E ! ]
E‘ |
| J
| J
|
|
| J
| 1
0. 015
Time rsec
Figure 4.1 No controller
Table 4.1 No controller
COMPARISON TIME RISE (s) SETTLING OVERSHOOT STEADY STATE
TIME (s) (%)
NO PID 0.0504 0.091 0 9.5

Table 4.1 show the system using no controller has a large of value time rise,

settling time and steady state but it has no overshoot. The steady state of the system is

calculated using the input substitution. Refer equation 4.1 to 4.3.
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4 {— 675 - 26.25} B {— 250} c=[o 1]

1050 —-0.093

E(o)=1+CA'B (4.1)
250
=1+[26.25 0.093]{0 }

=1+(6562.5+0)
= 6563.5

E(e0) = lim(1+ 4™ B)+ {1+ (4™ VB (4.2)

5 428062.5 —708847.65 250
1+C(4' fB=[0 1
17721.19  —27562.49 | 0

250
:[17721.19 —27562.49{ 0 }

=4430297.5

E(e0) = |limt >0 (14+CA™BY + (1 +C(a )ZB)} 4.3)

—

1im(6563.5 ) + (4430297.5)|

I
8
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4.2 Proportional Controller

The performance of Proportional Controller result simulate by tuning the value
of proportional gain,Kp are shown in Figure 4.2 to Figure 4.6 using the value of 70, 228,
386, 594 and 700.

Step Response
1.8 T T T T T

System: sys

Peak amplitude: 1 .63
Crvershoot (25 Makd

At time (sec) 0.0005935

System: sys ||
Final %alue: Inf

Fat
e

Amplitude

1 1 I 1 1
0.00s ool oms 0.0z 0025 0.03

Time (sec)

Figure 4.2 Proportional controller Kp=70

Step Response

18
16 L2 |
Sy=lenn wy
Peak amplitude: 1. .64
1.4 Owvershoot (360 Makl -
A tme (seck UUU11Y
2 System: sys ||
I Final walue: Int
a 1) o)
=
= \
[~
E o0& | .
|
06 i —
o4 |! B
|
oz | —
o | 1 1 I I 1
u] 0.00s 0.0 o.o1s 0.0z 0.0z25 0.03

Time [sec)

Figure 4.3 Proportional controller Kp=228
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Amplitude

Step Response
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1.8 H System: sys T
Peak amplitude: 1 .59
1.6 Overshoot (%) Rakl -
At time (sec) 0.0002965
1.4 -
1.2 \ System: sys
I Final “alue: Inf
1
|
0.5 o
o H .
|
o4k .
|
0.2 f .
ol | | | I I
a 0.005 0.01 0015 0.0z 0.025 0.03
Time (zec)
Figure 4.4 Proportional controller Kp=386
Step Response
1.5 gy T T T T T
System: svs
16 H Peak amplitude: 1.75 —
Overshoot (%) Mal
14 At time (sec): 0000296
U2 System: sys |
Final %alue: Int
1 ; L3
0.5 -
|
DE | -
|
04l -
|
0.z2E -
|
ol I | I | |

o

0.00s 0.0 0015
Time (=ec)

0.02

0.025 0.03

Figure 4.5 Proportional controller Kp=594
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1.4

1.2

Amplitude

06

o4

ozt

Step Response

42

0.5 -

By

stem: sys

Peak amplitude: 1 .63
Overshoot (95 Mak
At time (sec) 0.00119

System: svs ||

Final “alue: Inf

I
0.00s

0.o1

1
0.ms
Time [(sec)

0.0z

1
0.025

Figure 4.6 Proportional controller Kp=700

Table 4.2 Comparison of Proportional controller

0.03

COMPARISON PEAK TIME(s) OVERSHOOT | STEADY STATE
Kp AMPLITUDE (%)

70 1.63 0.000593 NaN Inf

228 1.64 0.00119 NaN Inf

386 1.89 0.000296 NaN Inf

594 1.78 0.000296 NaN Inf

700 1.63 0.00119 NaN Inf

Table 4.2 show increasing the value of Proportional gain, Kp reducing the time

to achieve the peak amplitude but in high value of peak amplitude. The overshoot is

NaN (not a number) and the steady state is infinity.
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4.3 Proportional-Integral Controller

The performance of Proportional-Integral Controller result simulate by tuning the
value of proportional gain,Kp and Integral gain, Ki are shown in Figure 4.7 to Figure
4.10 using the value of Proportional gain,Kp 70 and 700 and the value of Integral
gain,Ki 0.518 and 51.8.

Step Response
T T

| System: sys

! Peak amplitude: 1.78 —
Overshoot (%) 776

At time (=ec): 0.000745

System: sys ||

?\: Final “walue: 1

Swstem: sys 0
Swstem: sys dtling Time (sec): 0.0115 || =
' || Rize Time (zec) 0000255 '

Amplitude

1 1 1 1 1 1 1
0.002 0.004 0.006 0.003 0.01 0.012 0.014 0016 oms
Time [Sec)

Figure 4.7 Proportional-integral controller Kp=70 Ki=0.518



Amplitude

Step Response

2 lﬂ- T T T T T T T T
1.8 U System: sys a
Peak amplitude: 1.92
16 Cwershoot (92 92.5 i
: At time (sec) 0000236
1.4 i -
T System: svs
I Final “alue: 1
1 f;‘ = - ﬁ[ _________
’ System: sys l
0.5 m System: sys ting Time (zec): 00116 || T
, Rize Time (zec) 7.72e-005
o5 u I I 4
| |
04 b \ E
| |
020 | -
ol | I | | I (1 I |
a 0.002 0.004 0.005 0.005 0.01 0.1z 0014 0016 0.015
Time [(s=ec)

Figure 4.8 Proportional-integral controller Kp=700 Ki=0.518

Amplitude

Step Response

1.5 T T T T T T T T
| Systerm: sys
15 || Pesk amplitude: 1.78 -
| Cwershoot (%) 77.7
14 At time (sec): 0.000746 |
12 System: sys ||
Final “alue: 1
: ANy
System: sys
0.s System: sys dtling Time (zec) 00115 | -
Rize Time (sec): 0.000255 i
i
g ko i
|| U |
o Y11 | a
11 |
oz2d4 -
| |
il | | | | | | 1y | |
u] 0.002 0.004 0.005 0.003 0. ooz 0014 ome oms
Time [(sec)

Figure 4.9 Proportional-integral controller Kp=70 Ki= 51.8
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Step Response

“le

1.8 H Swstem: svs

1.6 4

1.4 [

Amplitude

|
1.2 Hl

e

Peak amplitude: 1 .92
Overshoot (26 92.3

0.& [ Swstem: sys

At time (sec) 0000236

Fize Time (sec): 7.72=-005

Svystem: sys |
tling Time (=ec) 0.0116

Svystem: sys
Final %alue: 1

|
|
o& i u I | a
| |
0.4 g .
| |
52 | 7
o il 1 I 1 I 1 | 1 1
u] 0.002 0.004 0.006 0.00:5 0.01 0.0z 0.01 4 0.016 0.015

Time (=ec)

Figure 4.10 Proportional-integral controller Kp=700 Ki= 51.8

Table 4.3 Comparison of Proportional-integral controller
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COMPARISON PEAK TIME OVER TIME | SETTLING | STEADY
Kp Ki | AMPLITUDE (s) SHOOT (%) | RISE(s) | TIME(s) | STATE

70 0518 | 1.78 0.000748 | 77.6 0.000255 | 0.0118 1

700 0518 | 1.92 0.000236 | 92.3 0.052 0.0116 1

70 51.8 1.78 0.000748 | 77.7 0.000255 | 0.0118 1

700 51.8 1.92 0.000236 | 92.3 0.052 0.0116 1

Table 4.3 show reducing the value of Proportional gain, Kp and Integral gain, Ki

will reduce the value of time rise, settling time, steady state and also reduce the time to

achieve the peak amplitude.
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4.4 Proportional-Derivative Controller

The performance of Proportional-Derivative Controller result simulate by tuning
the value of proportional gain,Kp and Derivative gain, Kd are shown in Figure 4.11 to
Figure 4.14 by using the value of Proportional gain,Kp 140 and 700, the value of
Derivative gain,Kd 2.59 and 51.8.

Step Response
im T T T T T T T T T L3
System: sys
0.9 i Time (zecy 0.00154 7
Amplitude: 0.992
0.5 - a

0.7 -

06 [ —

05 —

Amplitude

04| .

(RCh J -1

0z -1

o1 -1

o I I 1 1 1 1 1 1 I
u] 0.0z 0.04 0.05 005 01 01z 014 016 01& 0.z

Time [(sec)

Figure 4.11 Proportional-derivative controller Kp=140 Kd= 2.59



Step Response
im T T T T T T T i3
Swystem: svs System: sys
09 Time (sec) 0.000359 Final %alues: Inf
Amplitude: 0.995
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v —

06 —

0.5 —

Amplitude

04l .

03 —

0z F —

01 —

1 1 L 1 1 L 1
u] 0.005 0.01 0.015 0.0z 0.025 0.0z 0.035 0.04
Time (=ec)

Figure 4.12 Proportional-derivative controller Kp=700 Kd= 2.59

Step Response

1 e T T T T T T T L3
Swystem: sys System: sys
(=] Pesk amplitude: 1 Firnal “alue: Inf —
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0.7 [ -
os |} a
1)
=
= 05§ -
[=5
E |
o4k .
ozl ]
|
02k .
1
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ol 1 1 1 1 1 1 1
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Figure 4.13 Proportional-derivative controller Kp=140 Kd= 51.8
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Figure 4.14 Proportional-derivative controller Kp=700 Kd= 51.8

Table 4.4 Comparison of Proportional-derivative controller

COMPARISON | PEAK TIME(s) OVER STEADY
Kp Kd AMPLITUDE SHOOT (%) | STATE
140 2.59 0.992 0.00184 NaN Inf

700 2.59 0.995 0.000369 | NaN Inf

140 51.8 1 0.037 NaN Inf

700 51.8 1 0.0074 NaN Inf
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Table 4.4 show increasing the value of Proportional gain, Kp and reducing the

value of Derivative gain, Kd will reduce time to achieve the peak amplitude. The

percentage overshoot is NaN (not a number) and the steady state is infinity.
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4.5 Proportional-Integral-Derivative Controller

The performance of Proportional-Integral-Derivative (PID) Controller result
simulate by tuning the value of proportional gain,Kp, Integral gain, Ki and Derivative
gain, Kd are shown in Figure 4.15 to Figure 4.22 using the value of Proportional gain,Kp
70 and 700 and the value of Integral gain,Ki 5.18 and 518, and the value of Derivative
gain,Kd 2.59 and 51.8.

System: sys
Step Response Final “alue: 1

1 T T T T — ——— ———%

i System: sys

s “eHing Time (sec) 5.582e-006
System: sys

. Rize Time (sec) 3.24e2-006 —

|

Amplituce

1 1 1 1 1
4 =1 =] 7 =] =l
Titne (sec) =10

Figure 4.15 PID controller Kp=140 Ki=5.18 Kd=2.59
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System: sys

Step Response Final walue: 1

' System: sys

-
— - — T e e — - — | Sp—— _'T'
i System: sys

“oBing Time (sec) 5.79e-006

Rize Time (sec) 3.24e-006 .
|
|
| -
|

Time (=ec) =1 0-6
Figure 4.16 PID controller Kp=700 Ki=5.18 Kd=2.59
System: sys
Step Response Final “walue: 1
——— —_——.

: System: sys

; System: sys
Cotling Time (sec) 2 .55e-007

Rize Time (sec) 1.62e-007 —

2 25 3 35 4 4.5
Time (=ec) o

Figure 4.17 PID controller Kp=140 Ki=518 Kd=51.8
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System: sys
Step Response Fimal “alue: 1

' System: sys

I Setling Time (sec): 2.88e-007
System: sys
Rize Time (sec) 1. 62e-007 —

u] 0.5 1 1.5 2 25 3 35 4 4.5

Time [(sec) <10

Figure 4.18 PID controller Kp=700 Ki=518 Kd=51.8

System: syvs
Step Response Final “Yalue: 1

' System: sys

" I Sedling Time [(sec) 2.552-007
| Swstem: sys

. Rize Time (sec) 1.62e-007 —

u] oS 1 1.5 2 25 3 35 4 4.5

Time (=ec) o

Figure 4.19 PID controller Kp=140 Ki=5.18 Kd=51.8
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System: sys
Step Response Firal Walue: 1

System: sys

! Soding Time (sec): 2.552-007

; System: sys
. Rize Time (sec): 1 .62e-007 -
I

u] 0.5 1 1.5 2 2.5 3 3.5 4 4.5
Time [sec) =10

Figure 4.20 PID controller Kp=700 Ki=5.18 Kd=51.8

Syatem: ayvs
Step Response Final “alue: 1

; System: sys
s “eoing Time (sec) 5.82e-006
| System: sys

. Rize Time (sec) 3.24e-006 -
I

|

4 5 5] T =}
Time [sec) x 10

a
=

Figure 4.21 PID controller Kp=140 Ki=518 Kd=2.59
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System: sys
Step Response Final “falue: 1
L e e e S g m—— .____?
; System: svys
Sotling Time (sec) 5.79=-006

; System: syvs
. Rize Time (sec): 3.24e-006 -

Amplitude

1 1 1
4 B =] v =] =]

Time [sec) w10

Figure 4.22 PID controller Kp=700 Ki=518 Kd=2.59

Table 4.5 Comparison of PID controller

COMPARISON TIME RISE(s) SETTLING STEADY
Kp Ki Kd TIME (s) STATE
140 5.18 2.59 0.00803 0.0144 1
700 5.18 2.59 0.00803 0.0144 1
140 518 51.8 0.00148 0.00262 1
700 518 51.8 0.00148 0.00262 1
140 5.18 51.8 0.00148 0.00262 1
700 5.18 51.8 0.00148 0.00262 1
140 518 2.59 0.00803 0.0144 1
700 518 2.59 0.00803 0.0144 1

Table 4.5 show increasing the value of Integral gain, Ki and Derivative gain, Kd

will reduce the value of time rise, settling time, and steady state.
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According to the graphs and tables in this chapter, it can prove that using
Proportional-Integral-Derivative (PID) Controller is best controller compared to using
no controller, Proportional Controller, Proportional-Integral (PI) Controller and

Proportional-Derivative (PD) Controller



CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1 Conclusion

The controlling speed of DC servo motor using Proportional-Integral-Derivative
(PID) algorithm had been presented using m-file simulation in MATLAB and PIC
microcontroller is an implementation to prove it. This project’s objective is not
successfully achieved. The simulation of controlling the speed of DC servo motor using
PID algorithm is successfully simulate in MATLAB but had some problem to
implement PID algorithm in PIC microcontroller. It is because of difficulty to develop
the program of the PIC microcontroller. Besides that, it also had problem to interface

DC servo motor to the circuit hardware.
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5.2 Recommendation

There are some suggestions for the future work

1. Make simulation of controlling the speed of DC motor using other software
such as LABVIEW.
ii. Combining PID controller with the other controller such as fuzzy logic in

order to get a high performance system.

5.3 Commercialization

Making analysis for the project is the first step before make real project. The
analysis is doing based on the simulation of the project. The successfully of the project

is depend on the analysis of the simulation that be done before.

In industry, the engineers always make analysis of the performance on the
machine to improve quality and production and also to overcome their problems. By
making the simulation on that machine using various tools is the important step for some

mostly project.

This project presented the simulation by using MATLAB/Simulink as a tool in
making analysis. So, this project can be used as reference for the engineering student or

any engineer that work with simulation and doing analysis.
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5.4 List and Cost of the Component

Table 5.1 List and cost of components

Components Specifications Quantity Cost
PIC16F84 1 25.00
1C base 18 pin 1 0.20
16 pin 1 0.18
10pF 2 0.16
4.TnF 1 0.08
100nF 2 0.20
Capacitor
10uF 4 0.48
1uF 2 0.24
100uF 1 0.20
Resistor 16KQ 1 0.04
Header 10 8.00
Heat Sink 1 0.70
Regulator 7805 1 2.00
Reset switch 1 0.60
Crystal 4AMHz 1 1.90
Wire Wrap 1 40.00
Wrap Tool 1 -
RS232 1 0.60
MAX232 1 4.00
Ribbon Wire 1 3.30
Strip Board 1 5.00
TOTAL 92.88

The total estimation for this project is approximately RM92.88. This cost of this

project does not involve the cost of DC servo motor. The amount is affordable.
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PIC 16F84 Project Programming

motor var portb.0
trisb =0

trisa =1

backward: PULSOUT 0,130
PULSOUT 1,170
PAUSE 20
goto backward

motor var portb.0
J var word

trisb =0

loop: PULSOUT 0,130
PAUSE 20
goto loop

loop2: PULSOUT 1,170
PAUSE 20
goto loop2

end
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MATLAB Project Programming

J=0.01;
b=0.1;
K=0.01;
R=1;
L=0.5;

A=[-b/] K/J
-K/L -R/L];
B=[0
1/L];
C=[1 0],
D=0;
[num,den]=ss2tf(A, B, C, D);

num=num(3);

Kp=100;

Ki=1;

Kd=1;

numc=[Kd, Kp, Ki];

denc=[1 0];
numa=conv(num,numc);
dena=conv(den,denc);
[numac,denac]=cloop(numa,dena);

step(numac,denac)
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MicrOCHIP

Dawlces Includsd In this Data Shest:

' PIGIGFE4A

v Extended voltage rangs device avalabis
(FICABLFEaA)

High Performance RISC CPLU Fealures:

« Only 35 single word Instructions fo k=am

v All instructions: single cycle except for program

branches which ar tao-cycle

Ciperating speed: DC - 30 MHZ ciock input
DG - 200 ns Imstruction cycle

1024 words of program memory

v BB bybes of data FAM

* B4 bybes of data EEPROM

140 wide Instrucion waonds

B-bE wide daka byles

1E special function hardware negisbers

ElghtHeye! deep hardwane stack

* Direct, ndirect and relatve sddressing modes

Fior inkermapt sources:

- Exfernal REBOVINT pin

= THIRD dmer overfios

- PORTE<T:4> internapt on change

- Dal EEFROL wris compleis

Perlpheral Faatures:

v 413 'O pirs Wi individual direction contro

* High curment sinkisource tor dinect LED drive
- Z5 mA sink max. per pin
= IS5 mM SourDs max. per pin

* THWRD: B-bH timen'counier wilh B-bit
programimabie prescaler

Special Microcontredler Faatures:

4000 Eraseiwrite cyces Sahanced Flash program
TRy

MmOy
EEFROM Diata Retentbon = &0 years

In-Circult Serial Frogramming (BC2P™] - via wo
pins

Poaeron Beset (POR ), Power-ap Timer (PWRT]
Crsclliator 3tart-up Timer (D37}

Watchdog Timer (WDT) with Es own on-chip RC

pscllaior for refiabde op=rabon

* Code-probecion

Power s=wiing 3LEEF mode

Selectabie osdliior options

DEEEITA-page 1

£ 1258 Micochip Technoiogy IRc

PIC16F84A

15-pin Enhanced Flash/ EEPROMI §-Bit Microcontroller

Pin U|EEFEI'I13
PDIF, 304C
e s [us e A
SEu e 17— a0
PLAATOCH] s [] 2 E 18[] e GEC VICLER
T i [ 4 £ 1 - DS LROUT
v —==[] = E 14[]-=—vix
fpaanT =[] = 1a[] - e
il ———] ; 12— s
2 a2 11[J-a— NE8
R =[] 10— g
Z230P
A i [ i LR
e =—e-] - A0
AT ] e[ ~— OSCUCLEM
i —=[ — OSCHCLROUT
Wity ——a[] T
[ e YT
RENT =[] 7 g ST
CLHE S -
R e ] —

wipy =—=[]

i i

1,000,000 typical easeiwriie cyces EEPROM data

CMOS Enhanced Flash/EERPOM Technology:

Lis-power, high-spesd technology
Fully static design
Wide op=rating woltsge range

= Commercial 2
- indusidal: I

OV o S5
I o E5W

Licew mower oonsumpdon

- = I m typical

i 5V, £ MHZ

- 15 pA sypical @ 2V, 32 kHz
- = L5 pA typical standby curent i 2V

Preliminary
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PIC16F84A

1.0 DEVICE OVERVIEW

This document contains device-spactic information for
the cperafon of the PICTEFB4A device. Additional
mformation may be found In the PICmicno ™ Mid-Range
Reference Marual, (D233023), which may bs dosn-
oxded fom the Microchip webshe. The Refersnce
Manual showid be conskder=d a compiementary docu-
ment b this data sheet, and |5 Righly recommended
reading for 3 befer understanding of the dewice archi-
t=ctune and operabon of Tie peripheral modubes

Thie FIZ16FBLA belongs o B mid-ange family of She
FICmicm ™ milcrooontnodler deyices. A block diagram of
the deyice is shown in Figure 1-1

Thie program memory oontaims 1K wonds, which trams-
abes o 1024 Insrucfons, simce sach 14-bit program
memory word I the same width as each device Instnac-
tom. The data memory [R2AM ) comtains 58 byfes. Data
EEFPRCM Is &4 byfes

Thiare are aiso 13 U0 pins that ane usar-condgured on
3 pin-to-pin basls. Some pins ane multipernsd with other
device fumctions. These funchons inclucs:

v External mt=rupt

v Change on POSTH Inkemopt

v Tl clock Input

Tabde 1-1 deialis Fwe pinout of Fe device with descorip-
toms and defalls for each pin

FIZURE 1-1 PIC1EFB44 BLOCK DIAGRAM
13 , DobBus g
TR = Program Caurter = EEFRCM Data Memory
Frogram
: S
FICIEFa4s & Lol Stack Fliz Regisiers = EEDWTA m%m
FEN {13-8) PIC1FELA, BLxs
EExE
= L E=ADR
[ .Mu-'h'ln'
£, Direct Addr T Indirect TIRD
= =
RA4TOCH
[ smn=mg |
EJ
L
| S
ML
fr—sietmd « 140 Forts
Ir=frucion (=] 2
Decoge & = | Etart-up Timer I
Confrmi AL
Flaiicr £ ) FAZRAD
Tim \isizhdog S
Generason [ Tmer e st
DB WIE  woo 'wss
CBC1ICLKIN

£ 1558 Microchip Techrasogy Inc.

Preliminary

DESIOTA-page 3
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PIC16F84A

TABLE 1-1 PEC16FB44 PINOUT DESCRIPTICN

(n] [ BOHC 230F BOyiP Eurffear
PnMame | o | me Mo, | Type Type | CCOrRSon

CRCAMLKIN 18 18 1 ] STACHICE M| Cemcllimior orysial inputiesiernal ciock source Input

CHCMNANDUT | 15 1= k] o — Cmclliaior orysial culpeat. Conrecs o oryskal or resonator in
o=l osdiyior mode. In RC mode, $EC07 pin oulpus
ST which haes 1M the frequency of TS5, and
dieries the insruchion Cpcie e

[ 4 & 4 P =T Pty cimar freset) Inputprogramming witge npat This
PN s a0 acive how reset i the desice
PORTA 5 & bi-direciionad 9O port.

SAL 17 hira 5 Ll TIL

R4 1& 13 [Eal TIL

A 1 1 1 (L] TIL

R Z 2 2 Ca] TIL

AL TIHCK] 3 3 3 (Lal &7 Cam alss be sajecied io be the dhock input o the TIAIRT

tmerscoumier. Cutput [s open dain bpe

PORTH |5 a bHiirecional 1D port. FORTH con be Softsan
programred e intermal weak pull-up on all inpuls.

=ECNT = 5 7 o TET E?mu alsg be sedeched @5 o exiemal neemapt

RE1 7 T B ] TIL

REZ g ] 5 Lal TIL

FEE ] 5 id [Eal TIL

B 10 10 i1 (L] TIL Irie gt on change pin.

RB= 1 M 12 Ll TIL Inie et on chamge pin.

2= 1z 12 iz Ll TTLIET &1 Iniemupt on change pin. Sersl progeamiming doc

RET 1= 13 il La) TTLET & IntE=mupt on change pin. Serisl prograrming dak

] = L] EB P . Ground neference b logic and WO pins

oo 14 14 15,15 P sl Posive suppdy for kogic and O pins.

Legend: = input T DL LT = IMpUECralmiuE F = poser

— = Mot used TTL = TTL I ET = Echreiit Trigeoer inpeat
it This bufer ks a SchmiE THoper input when comfigunesd a5 T et nemapt

1:
Z This bufer ks a Schmif THoper Input when w=ed In sarial programming mode
3 This bufer b5 & SchiniE THogDer inpul when comfiguresd In RC osdiaion mooe and 8 CROE input othensise

R R K R R e A E Tl e =S S, |
[CES 35007 Apage 4 Preliminary o 1355 Microchip Technclogy Inc.
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PIC16F84A

20 MEMORY ORGANLZATION

There are bwo memory blocks im0 the PIC1EFELA.
Thisse are e program memory and e dat memory.
Each block has fks own bus, s0 thaf acoess bo =ach
bicack Can oorwr during e samie oscliador cycle.

The data memory can further be bm&en down Inho e
peneral parposs RAM and the Special Funchion
Regisiers [SFFAs). The operadon of e SFRs St
combod the "come” are described Fesre. The 2FRs used
o confrol the peripheral modules are described in e
section dscussing sach indvidual peripeml moduls.

The dala memory anes alo contains the data
EEFROM memory. This memary Is mot direcliy mappsd
Inic the data memory, but Is Indirectly mapped. That Is,
an indirect address pointer specifles the address of e
data EEFROM memory o readferie. The 52 bytes of
data EEPRCM memory Fave the address mange
Oh-3Fh. More defalls on B EEFROM memory can be
found In Section 5.0

AddEional infarmabon on device memory may b found

I the PICmicro™ Mid-Rangs Reference Msnual,
[OE333023).

21  Program Memory Organiration

The PIC16FXX has & 13-bi program counter capable
of addressing an B x 14 program memory Space.
For the FIG1EFE4A, the first 1K x 14 (D000h-03FFh)
ame physically iImplememed (Flgures 2-1) ADcessing a
iocafion above the physlcally Implemeani=d address wil
Cause 3 waparcund. For example, for lootions 200,
&20h, B2, C20h, 1030h, 14200, 15300, and 1C300
wll be Bhe same instracion.

The reset wecior ks al D000h and the infesmupt vecior Is
at 00045,

FIGURE 2-1:

PROGRAM MEMORY MAPF
END STACK - PICTEFE4A

ET=

2=

imar amory
T

1FFFh

== s LA o bRETaaa S e ]
& 1968 Monchip Technoiogy Inc Preliminary
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232 Data Memo anlzathon

Thi dats memory |s partfiomed infs bwo ansss The first
k5 the Speclal Funchon Regisiers (S2FR] ar=a, whik the
second ks e General Purpose Registers (GFR) arsa.
The EFRs confrol the opeaion of the devios

Fortions. of dala memory are banked. This is Tor both
the BFR arca and the SFFR area. The SFR area Is
banked o allow greater tham 118 byi=s of gensml
purpase FAR. The banked ansas of the SFR am for e
egisiers that confrol the periphemnl funcions. Eanking
requires the wse of ponbtod BEs for bank sefection.
Thiese conirol biis are locabed in Fe STATUSE Reglsher,
Figure 2-1 shows the dats memory map onganizsfon.

Instructions MOVEF and MOWT can move vakses from
the W ne=gisber B0 any location in the egisier ke 7,
and vice-wersa,

The e=ntire dats memory can b= aocessed efther
direcily using the absokfe address of sach regisier Al
of indinscty Bwough the Flie Selec Reglsier (F3R)
[Section 2 4] imdirect addressing uses the pressnt
value of the RFO bEfor access inko the banked areas of
data me=maory.

Data memory Is parfittoned Inby two banks which
cortain B general purpose registers and the specia
funclicn registers. Bank 0 I= ssected by clearing e
RPO bit (STATUE=<S>]. Beffing the AFD bt seiects Bank
1. Each Bank exiends up b 7FH (128 bybes]. The first
taehve locabons of =ach Bank ars ressred for the
Special Funcion Regisiers. The remainder are Sen-
eral Purpose Regisiers mplemenbed as staflc FLAR.

2.21 GENERAL FURFOZE REGIETER FILE

Each Seneral Purpose= R egister (GFS) 1= B bits wide
and = accessed either directly or imdirectty Srougs the
FaR (Secton 2.4].

Tree GPR addmesses In bank 1 ane mapped o
addresses in bank 0. As an exampie, addressing locar
o OCH or 2Ch will socess the sams GPR.

FIGURE 2-1: REGISTER FILE MAP -

PIC1EFB4A
b= Ackiess Sl Arress
ooh | indrect addr ! | Indirect addr!™ | E0h
dih TRRD OFTHCHN_REG Bih
Izh PCL L BZh
Izh SIS STATLES H3h
h FER FER Bth
0=h FPOHRTA TRIZA Bsh
DEh PORTE TRIEBR Beh
oI gTh
O=h EEDATA EECOHN B=h
I=h EEADR ESCoadl &ah
(15 FCLATH PCLATH BAh
DEh INTCOM INTCOH B2h
OCh BCh
BS
Cemera Fapped
Prpose I
Fegshers n Bark 0
| ESAE
4Fh CFh
S0h D
x_,q____ :— ___'“H
TFh | FFh
Bank 0 Bank 1
[ unispimrmeriesd dals mremory looason; reed 5z T
Mob= 1- Mota physical negisier,

D=3 5007 A-page &

Freliminary

D T35S Wicrochip Technclogry Inc.
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PIC16F84A

23 BFECIAL FUNCTION REGISTERE

The Special Funclion Reglksbers (Figure 2-1 amd
Table 2-1) are us=d by the CPU and Peripheral
functions & oominol the device operation. Thess
regisiers are shabc RAK

The special funcBon regisbers can be chyssiied inbo fwo
gefs, core and periphemal. Those assoclaied with Sie
core funciions are described in @ils section. Those
related to the operabon of the peripheml =atur=s are
described in the secton for that spectic feature.

TABLE 21 REGISTER FILE SUMMARY

Yakum on “Yaksm on all
Aodr | M o7 BRE BRI = Bz BE2 B 1 -1} Powar-on | obher resets

Rawal MHoml}
Dank 0
h M Od Limsm menimnie of P2 £ sdcireem defs memeny neb e pivysicsl regeis|
mMh TRARL Bt reml-Srs clocoteurssr ENEN ITETR
Th PEL Lovw crdder B bitw of S Pregrm Courrsr [PC) ICIE C=10=1
[T sians B me | ne | L] | ™ | L i | ] | o | [= [31 lrxx
Hh [ 1 I~dired dnbn =Ty Bocreas sodmisr 0 EEXE IEIX
®h PedeTa, H - —_ —_ HAATOCK Sk ] Az ELE b X IEEX B mm
h [— = Hes =) HE4 =] =) mAn | REANT | xrex soe | woim we u
14)] Unimzsmerisd lzoston, madas 7
Eh LCEDATE, EEFHOM cmbn mwgimisr EIEI EEIT
Eh LEAOH CLEPHOM godrems reginisr EETY EEET | ums s
oan | roLsrH = = — | Ve e e e © bt of s 1T ST ] LT
mth T [ T3 EEE TOHE MiE | mEt | e | wir | e AL [0z | GLOOE L0
Bank 1
Hh o Lmsm monisnts of FEN £ sddrem defs memcny net s physicsl regisks: |
mh | oenos_ma| WEPT | mrepa| s meg | esa | esz | em | pmo 11 1
©h PEL Lovw crder B bitw of Pregasm Cowretse (PC) ILIE D0 | DEOD COED
£ sinnus G | " | ] | T | (=] | ] | [ | [ 691 lzax
Bih e I~direct cubn Ty §oC e soarisr 0 TETX ELIX
Eh | TRmsa — | = ] = |monms e deecsoe megiste 1 1
Bh TREE PRI E dabs crschon regums 1 1 1
Hh Lnimsiermerisd loosbon, seadss T
B | EECOMI — | = ] = ] eer |wememn]| vemiv | we | mo [ b ogibi
Hh EECOM LEPHOM sombs segiisr T ol @ plysics’ regeisr
ok | roLarw — = — | v afier oy e & bt of e B ] I [O00
Bh | mTCoM T e piE | mmi | e | weiF | meF | arar caex | ooon pom

Legend = = LNENOWN, = = unchangsd. - = unimplemenisd read as T,

Motz 1= The upper byie of e program oouner B not diredty

= il depends on CondiEon,
socessibie. PCLATH k5 & siave regisier for PC=12:8=. The conbents

of POLATH can be tranesiermed bo e upieer byt of the program counter, But the contents of PC<1Z28= i never ranshersd

o PCLATH

[ELa )

(LU

This Iz the valee Tt will b2 in P port culput laich

The= T and PD sisfus b in the STRTUES regisher are not afteced by a TELR et
Oibenr (rion power-up) resets mciuce: exbenal reset through BRC0R and the Biaichaog Times Reset
On amy device nesel these pins ame comiguned as inpats.

£ 1558 Momnchip Techroiogy Inc

Preliminary
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PIC16F84A

2321 STETUE REGISTER Omily e BCF, EEF, ESWADF and WOWF insinuchons
shioubd b= wmed o afber e STATUS register { Tabie 7-Z]

The STATLUE regisber contains the arthmedc states of pecause these Instnucions do rot affect any status b

the ALLU, the REZET siatus and §e bank sefect bit for

P S LN Hots 1: The IRF and BF1 biz (STATUS<7:5] ane

mot wssd by Bhe FRC1EFELA and should be
programmed as cleared. Use of these bits
as peneral paposs RW bis s NOT
recommended, smce this may afed
upweard compafbilty with Suture prodocs.

Az with any regisker, fe 3TATUS mgisker can b= e
destimation for any imstructon. 1 e 3TATUS negisber s
the desBnafion for an insfruction that affects the 2, O
o & bits, then the wribs o these fres DES |5 disabied.
These bits are et or Cleansd according o dey o= logic.

Furthermore, e TO and PO bEs are not writabie, Hote 2 The C and O biis cperate as a2 Domow
Therefors, the resul of an instrucfion wEh the 3TATUS and digit borrow out bit, respectively, 0
regisier as destiration may be differsnt tham interded. subtracton. See We SJHLN and SUEEF
For syampie, (LAF STATUS wil clear me uppar-thres L A A

nEs and saf e Z bit  Thils l=gves the 3TATUS negister Hote 3 Wrhen the STATUS regisier B the
as 0001 wlim (where U= unchanged]. destination for an insiruction thad sffects

Ehe Z, OC ar C biEs, then e write o these
Ehnes biiz |= disabled. The speclled bHis)
wil be updabed sccording o device fogic

FIGURE 2-1: STATUS REGISTER (ADDRESS 03h, &3h)

f B-1 B o | 2 | Bl
RF | EFi o | T8 | B ] z | oo | © | [ReRescsneoe
HitT b | W= ik it
L) = L et bE,
e s T
=N ="aiue ol POR meset
bH7: IRP: Register Bank Select bE (wsed for indirect addressing b

The IRP bit I= mot used by the FIC16FE44A. IRF showid b= main@ined ciear.

bit 5-=. RP1:RP: Register Bank Selecl bEs used for direct addressing b

00 = Bank O {00F - TFh)

01 = Bank 1 (208 - FFR)

Each bank |5 128 byles. Only bE RPO Is used by the FIC16FE2A. RP1 should b= maintained cl=ar.
bit &: T Tire-out bE

1 = Afer power-up, CLEWDT msiructon, or S1EEF Insfruction

0= A WDOT me-out ocourred

pit 3: FD: Powsr-down b
1 = Afer poswer-up or by the CLEWDT nsinaction
0 = By sw=oution of the SLEED insinucion
bl 2: Z D=m bt
1 = Thie resoit of mn arivmetic or logic opervbon = 2Em
0= Thie resuit 0f &n arivmetic or logic operbon B nok Derm
bit 1: DC: Digit carmpBormow bt (for ADDWE and ADDLK Instruchons) (For Bomow the polarty |s reversed)
1 = & carry-out from the £ih low order BE of the Fresult sooomed
0 = Mo camy-put from the 45 low onder bit of Ehe nesauit
bl O: C: Carry/boimorar bit (for ADDWE and ADDOE Insinacions)
1= & camy-out from the most sigrificant bit of Sve result occured
0 = Mo camy-out from the most significant bE of the resull oooomed
Hiotw:For Bormow B polar®y ks reversed. & subtaction Is executed by adding the fwo's comple=ent of
the second operand. For rotale (ERE RLF) imstructicns, this bit 1= loaded with efther the high or o
oirdar bit of S souce reglster,

e R VL S o e S R BV = Y o) ¥ SR DR
35007 A-page & Preliminary D 1555 MCToChip Technology Inc.
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23232 OPFTEXN_REG REGIZSTER

Hida:
The CETION_REG register |5 & readabie ard writable

regisi=r which contains various condrol bEs b conflgurs

Whien e prescaler

e WDOT (PBA = "1, TMRO Ras a 11

prescaler asskpnment

Iz sssigned o

the TMRIANDT prescaier, the extermal INT InkEmad,
TMED, and the waak pul-ups on PORTE

FIGURE 2-1: OPTION_REG REGISTER [ADDRESS 81h)

1= FORTE puli-ups are dissbisd

bE & INTEDS: inferupt Edge Selectbit
1 = inf=mupt on fzing edge of RELINT pin
0 = inf=mupt on fling edge of RBOVINT pim
bE 5: TGS : TMRO Clock Source Select bE
1 = Transition on FALTECE] pin
0 = Imbemal Instruction cyclke dock [CLKDUT)
bE 4: TOBE:TMRID Source Edge 3siect bit
1 = Imcrement on high-fo-ow FansEon on RANTDCE] pin
0 = Increment on low-to-high fansEon on FALTOCK] pin
bk 3: PBA:Prescaler Assigmment bit
1 = Prescaler assigred fo the WDT
0 = Frescaler assigred io TRSO

bE 200 FEX:PE0; Prescaler Rabe Bslect bits
BEVaie THRORate WOT Fale

L] §-2 1:1
a 14 1:2
a 1-8 1:4
T 1:16 1:8
1 i:32 1:146
31 154 1:32
13 1:128 1:64
11 4 - 2E& 1: 12

RWAHT BARET RAN1 RAWST RAAHT R BT R
| 70 |wmeoe | mos | 7o | Pea | PEz | PE1 | P | [RO-Fesdsen
b7 b |\ = 'Writabee Dit
(T ———
read as T
-n = Walue ot FOR eset
bE 7: FEPT: FORTE Pullup Erani= bE

0 = FORTE pull-ups are =nabied by mdividual port [akch vaibees)

£ 1588 Momchip Techraiogy inc Preliminary
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TABLE 3-3 PORTE FUMCTIONS

Hame Bit Bulfer Typs L'l Concletemoy Fumoton

REOANT bt st Inpubicetput pin or exbemal intermupt input. Intermal software
programmabie weak pull-up.

RE1 bitt TTL Inputicefput pin. Inkemal software prograrmimable weak pui-ap

REZ i TTL Inputicagput pin. inbermal softwars prograrim able weak pul-up

RB3 bit3 TTL Inputicasput pin. inbermal software programimable weak pul-up

R34 bitd TTL Inputicatput pin (Wi Interrupt on change). imlemal sofwans program bl
weak pull-up.

RBS bits TTL Inputicetput pin (Wi interrupt on change). imlemal sofwanrs program bl
weak pull-up.

REB& bite TTLETS Inputicestput pin {wih inberrupt on change]. imi=mal sofwanre program bk
weak pull-up. Seral programiming clock.

RBT bty TTLETH Inputcefput pin (Wi Interrupt on change]. ImlEmal sofwans program b
weak pullup. Eerial programiming daka

Legend: TTL = TTL inpat, 5T = Echmiid Trigger.
KMioie 1 This bufer Is & ScfmiiE Trigger iInpuf when condigured s e exfemal inkErmapt.
22 This bufer I & SchmilE Tigger iInpuf when usssd inserial programming mode.

TABLE 3-4 SUMMARY OF REGISTERS ASSOCIATED WITH PORTE

Addr | Fema BT BES BHE BR 4 BH 3 Bz Bt BE D
- PORTH = nBE -} = MHZ R nel M BT
- . THIZE THIZET | THISHE | TRIZES THER4 THIZES | TRIEEZ | TRISH] TR E B
Bi& OFTHON_REG | FES'U | INTEDG i1 -] TosE P mE2 PEA L 1]

Legend: == unknown, u = unchanged. Shaced omis ane not ussd by PORTE

[ 35007 A-page 15 Preliminary 0 TEEE Mcrochip Technology Inc.



APPENDIX D
Regulator 7805 Datasheet

75



7805e THREE-TERMINAL POSITIVE VOLTAGE REGULATOR IC

FEATURES :

OUOTEPUT CURRENT IN EXCEES OF 1A;

NO EXTERNAT, COMPONENTS REQUIRED;

INTERNAL SHORT CIRCUIT CURRENT LIMITING;
INTERNAL THERMAL OVERLOAD PROTECTION;
OUTFUT TRANSISTOR SAFE-AREA COMFPENSATION;
OUTPUT VOLTAGE OFFERED IN 4% TOLERANCE.

ABSOLUTE MAXINUM RATINGS (Ta= 25" C)
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Characteristic Symbol Norm |Unit
Input Voltage Vin \'i 35 TO-220
Maximum Dissipated Ptot(max) |W 15
Power{with heat smk) i
Maximum Dissipated Ptot{max) |W 1.5
Power(without heat sink)
Thermal Fesistance OqC "C/'W (5.0 | | |
Junction to Case 1
Thermal Resistance, OjA °C/W |65 1. Input

: 3 2.GND
Junction to Air

; - o 3. Ourpur
Junction Temperature T; 150 C
Te=-45++70°C

ELECTRICAL CHARACTERISTICS

(Vin=10V To=0.5A Ci=0.33mkF ,Co=0.1mkF ,Tj=0+125°C, unless otherwise noted.)

Characteristic Symbo Norm Unit
|
Min |TYP [Max
Output Voltage(T;=23°C) Vo 48 52 (W
Output Voltage (5 0mA<To=<1 0A Po<15W) Vo
7.0V<Vin<20V 4.75 525 |V
Line Regulation(T;=+25°C) AVy mV
T.0VsVin<25 V 100
8.0 VEVin<12 V 50
Load Regulation(Tj=+23°C) AV1 mV
3. 0mA=<Jo=1.5A 100
0.25A<I0<0.75A 0
Quiescent Current(T1=+25°C) Ib 80 [mA
Quiescent Current Change7.0 V=Vin=23V Alb 13 |[mA
5.0mA<Io<1 0 A 0.5
Dropout Voltage(lo=1.0A Ti=+25°C) Vi-Vo 2.0 V
Short Circuit Current Limat(Ta=+25°C) Vin=35V Isc 0.4 A
Peak Output Current(Tj=+25°C) Imax 22 A
Average Temperature Coefficient of Output Voltage |TCVo 03 mV/°C
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A Full Service Motiom Control Distribiwror and Systems Inlegrersor
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