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1 INTRODUCTION

This assignment will show the design of an embedded system using the configurable on-chip
peripherals using a suitable embedded programming language such as C. The design must suit the
user needs and fit the desired purpose. This is detailed in the system specification provided in the
assignment brief.

An understanding of the problems associated with interfacing to external devices must be
displayed. Solutions for these problems must also be provided and displayed in a practical system.

The system specification states that a microcontroller must be interfaced to a DC motor,
incremental encoder, analogue sensing circuit, keypad, LCD display and two pushbuttons. Using the
on-chip peripherals a PWM speed control system must be implemented to control the speed of the
motor using speed feedback. A set-point for the speed must be able to be input via the keypad,
speed feedback provided by the encoder and a Pl controller must use this feedback to regulate the
speed so that it meets the set-point. The LCD display must show the set-point, speed of the motor
and the error deduced by the Pl controller. The motor must be started / stopped through the use of
the two pushbuttons. This system can be seen in Figure 1-1.

2line LCD
24Vdc
R SVdc
« 4 2 3
4 5 6 ((mm) €
PICLE6F877
7 8 9 Microcontrolier
S00ppr
¥ 0 # PWM
| Interfacq
Start
—_—
pushbutton pulses
Stop e + 2 Interfac 2
pushbutton
Figure 1-1

Once the system has been designed, it will be tested in a simulation to see if the program
initially works. Once the simulation is proven to work, the system will be practically tested. All tests
will be documented and can be found in Section 5. After testing, conclusions and recommendations
will be made which can be found in Section 6.

Good introduction.
The development
method using
prototyping should
have been included
here.




2 SYSTEM HARDWARE

2.1 MICROCONTROLLER

The core element of this system is the microcontroller which is used to process all the
information provided by the keypad, pushbuttons and encoder to control the DC motor. Therefore,
selecting the right microcontroller for this system is important to achieve the requirements of the
specification.

The PIC16F877 microcontroller is a suitable choice for this system as it has PWM (Pulse Width
Modulation) capabilities, plenty of general purpose inputs and outputs, and the on-chip peripherals
that will be required for this system such as timers.

The pinout diagram for the PIC16F877 microcontroller can be seen below and was obtained
from the chip’s datasheet.

40-Pin PDIP

MCLR/VPP — [ 1 Rt 40 [1 <—» RB7/PGD
RAO/ANO =—[] 2 39 [] «—— RB6/PGC
RA1/AN1 <—[] 3 38 []«<— RB5
RA2/AN2/VREF-/CVREF <— [ 4 37 ] «<—= RB4
RA3/AN3/VREF+ «—[] 5 36 [] =—» RB3/PGM
RA4/TOCKI/C10UT <—s[]6 35 [] =— RB2
RA5/AN4/SS/C20UT <—[] 7 ﬁ 34 [] < RB1
REO/RD/AN5 <—[] 8 N 33[]<— RBO/INT
RE1AVR/ANG <[] 9 3 32 [] «— VoD
RE2/CS/AN7 =—=[]10 o  31[]<— Vss
Voo—[]11 &  30[]<—= RD7/PSP7
Vss — o []12 5 29[0<— RD6/PSPE
OSC1/CLKI —=[]13 ¥ 28 []<—s RD5/PSP5
OSC2/CLKO «——[] 14 g 27 [] <—» RD4/PSP4
RCO/T10SO/T1CKI «—s[] 15 26 [] «—= RC7/RX/DT
RC1/T10SI/CCP2 «— [] 16 25 [] «—s RCB/TX/CK
RC2/CCP1 <[] 17 24 [] <——» RC5/SDO
RC3/SCK/SCL -—[] 18 23 [] =—» RC4/SDI/SDA
RDO/PSP0 <—[] 19 22 [] <——» RD3/PSP3
RD1/PSP1 <—[] 20 21 [] <—— RD2/PSP2

Figure 2-1

(PIC16F87X 28/40-Pin 8-Bit CMOS FLASH Microcontrollers, 1998)




2.2 KEYPAD

The keypad element of the system allows the user to input the set-point for the motor’s speed
so that the Pl control algorithm can increase or decrease the output of the microcontroller. In order
for this to be done a 12 button keypad must be interfaced to the microcontroller. This is done by
multiplexing as the keypad being used is a 3x4 matrix input. This input requires the same pin on the
microcontroller to share multiple button inputs on the keypad. Therefore, the inputs must be

processed by a multiplex function within the microcontroller. An example setup of the keypad
interface can be seen in Figure 2-2.

M - o -
O+ a4 (203
(a1 IFl
ol T
O s 415 6
0.__
Ot "
(0 o —e(Ti(B)LY
DePLUG
o t o e 0 #
KEYPAD
Keypad | Keypad | Column / foux MRz TIRze TIRZD KEY
Ref. No. | Pinout | Row um uw Igmg Al
1 4 Col 1
2 2 Col 2 1
3 [ Col 3 -
A 3 Row 1
B 8 Row 2
C 7 Row 3
D 5 Row 4

Figure 2-2

2.3 LCD SCREEN

According to the specification an LCD screen is required to display the set-point, current
motor speed and the error. The LCD display will have 2 lines each 16 characters long. This will be
enough room to fit all the required parameters.

Figure 2-3




The LCD will be connected to the micro controller using RBO to RB5. In addition to these port
B outputs, the LCD must be connected to a switch in the ON position to be operational.

2.4 DCMOTOR

The DC motor is the subject of the system and will be controlled by the microcontroller. The
chosen motor will have an operating voltage of 24VDC. However, the PIC16F877 only has an output
voltage of 5VDC. In order to allow a safe interaction between the motor and the microcontroller, the
two voltages must be isolated through the use of a junction.

The motor’s speed is going to be controlled by pulse width modulation (PWM). A MOSFET
transistor will be used to determine the duty cycle of the motor by having the 5VDC output from the
microcontroller activate the MOSFET’s gate. When the MOSFET is active, the 24VDC will power the
motor, and when it is not active, the 24VDC will power the motor. This junction keeps the 5VDC and
the 24VDC voltages isolated from each other while allowing the microcontroller full control over the
motor’s speed. A flywheel diode will be used to dissipate the back EMF produced by the motor. This
configuration can be seen in Figure 2-4.

24 v
=4 Flywheel
Diode
P
1
| MOSFET
s
Owv
Figure 2-4

2.5 START/STOP PUSHBUTTONS

The pushbuttons in the specification are said to be used to start and stop the motor. These
will be connected to port A of the controller and will be sourcing voltage. Port A will be configured as
an input, meaning when one of the buttons is pressed, the pin needs to be at a logic HIGH or 1.
When one of the buttons is pressed, their respective pin is set to a logic HIGH as the voltage can flow
to it. When the button is released, the pin goes back to a logic LOW and any floating voltage is taken
to ground through a set of pull-down resistors.




2.6 CLOSED LOOP FEEDBACK

The specification states that the motor must be controlled by a Pl controller. In order for this
do be done, speed feedback is required. An incremental encoder will be used to measure and send
data to the controller. An encoder with an output of 500 PPR (Pulses per revolution) is selected.

=7 Thil
sy

3

AAA
Wi

e T0 QUTPUT LOGIC
(CNE TTL LOAD
CHA E> PER OUTPLT)

¥

IGNI’J

Figure 2-5

(HEDM-55xx/560x & HEDS-55xx/56xx Quick Assembly Two and Three Channel Optical Encoders,
2014)

Figure 2-5 shows a pin-out diagram for the encoder found from the datasheet. It shows how
the encoder should be connected to Vcc, and the output channels. The outputs act as a voltage sink
and have pull-up resistors connected to pins 2,3 and 5 to Vcc.

2.7 DEVELOPMENT BOARD

The development board is a key aspect of the design and testing of the initial system. The
model of the development board to be used in this system is the HP488. The use of a development
board allows for easy configuration and changes to the design, along with reusability for future
developments to this system, or other projects.

Board layout

Figure 2-6




Figure 2-6 shows the HP488 along with descriptions of all the features it contains. As shown,
the LCD display, pushbuttons and switches are located on the board already. It also shows multiple
I/0s that will be used to interface with the PIC microcontroller.

Good description of
hardware needed for
the task.




3  SysTEM DESIGN AND CONFIGURATION

Before the program can be written, various on-chip peripherals must be configured through the
use of the PIC16F877 datasheet.

3.1 TiMErRO
Timer 0 is an on-chip timer that will be used for the interrupt in the program. Figure 3-1
shows the block diagram for TimerQ (TMRO).

CLKOUT (= Fosc/d) Data Bus
L 8
0 “J 1 %
RA4/TOCKI — M SYNC
i — X
pin D U = 2 » TMRO Reg
|HJ = 1 Of x Cycles
TOSE T f
TOCS )
PSA Set Flag Bit TOIF
on Overflow
PRESCALER

A
0 | ) |

M [——>| 8-bitPrescaler
u | |
Watchdog 1 X | s ¥ |
Timer I I
I Ty Sp—
T PSA L — - T - — - _ _ _ _ 4

0| 1

WDT Enable bit

MUX fea—— PSA

WDT
Time-out

Note: TOCS, TOSE, PSA, PS2:PS0 are (OPTION_REG<5:0~).
Figure 3-1

As shown, multiple registers must be set up in order for TMRO to operate. These include
OPTION_REG, INTCON_REG and TOIF overflow value. The configuration of these registers can be
found in the following subsections.

TMRO requires its own configuration so that the interrupt interval is set to 10ms. This can be
seen in the following calculations:

The PIC16F877 has an internal clock source with a frequency of 19.6608MHz. This clock is labelled
Fosc.
Fosc
Countable Clock Speed = == = 4915200Hz

1
I =
(4915200) &6 ="52us




Max Prescaler = 256

Fosc
1 4915200
TR T i

Period = secs

19200
1
Number of Counts everymsecs = 192 (Results in 10ms interrupt)

Preload TMR0O = 256 — 192 = 64

Therefore by adding the line TMRO = 64, the timer gets preloaded with the value 64 which

provides a 10ms interrupt. G

3.1.1 OPTION_REG o

“The OPTION_REG Register is a readable and writable registe which contains various
control bits to configure the TMRO prescaler/WDT postscaler (single a@signable register known also
as the prescaler), the external INT interrupt, TMRO and the weak pull%ps on PORTB.” (PIC16F87X
28/40-Pin 8-Bit CMOS FLASH Microcontrollers, 1998)

p
The configuration for OPTION_REG is provided by the datashgeet in the form of descriptions
for each bit in the configuration string. These can be seen below. a

n
REGISTER 221  OPTION_REG REGISTER (ADDRESS 81h, 181h)
RW-1  RW-l  RMW-1 RW-1 RW-T 4 RW-I RMW-1 RW-1
RBPU | INTEDG | Tocs | TosE | Psa | ps2 [ ps1 | pso |
bit 7 B bit0

bit 7 RBPU: PORTB Pull-up Enable bit
1 = PORTB pull-ups are disabled
0 = PORTB pull-ups are enabled by individual port latch values
bit 6 INTEDG: Interrupt Edge Select bit
1 = Interrupt on rising edge of RBO/INT pin
0 = Interrupt on falling edge of RBO/INT pin
bit 5 TOCS: TMRO Clock Source Select bit
1 = Transition on RA4/TOCKI pin
0 = Internal instruction cycle clock (CLKO)
bit 4 TOSE: TMRO Source Edge Select bit
1 = Increment on high-to-low transition on RA4/TOCKI pin
0 = Increment on low-to-high transition on RA4/TOCKI pin
bit 3 PSA: Prescaler Assignment bit
1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module
bit 2-0 PS2:PS0: Prescaler Rate Select bits

Bit Value TMRO Rate WDT Rate

000 1
001 1
010 1
011 1:
100 1
101 .
110 1
111 |

0=t OO0 £ P =

ERga=An
=]

Ggwm

o

1
1
1
y [
"
1
1

. 256 1

Figure 3-2




The ideal configuration for OPTION_REG for the system specified for this assignment is
0b10000111. This was produced by using the datasheet. Bit 7 is set to 1 as PORTB pull-up resistors
are not required, and setting it to 1 disables them. Bit 6 determines whether the interrupt occurs on
the rising or falling edge of the RBO pin. For this system it is required to be on the falling edge, so this
bit is set to 0. Bit 5 is used to select the clock source. The calculations for TMRO configuration used
the internal clock on the PIC. Therefore, this bit is set to 0 to select the internal clock. Bit 4 is used to
select the source edge. This bit is set to 0 as an increment on low-to-high transition on R4 is
required. Bit 3 is the prescaler assignment bit and is set to 0 as to assign the prescaler to the Timer 0
module. Bits 2-0 are used to select the prescaler rate. In this system a prescaler rate of 256 is
required, meaning all three bits are set to 1. This results in a configuration string of 0b10000111.

3.1.2 INTCON_REG

“The OPTION_REG Register is a readable and writable register, which contains various
control bits to configure the TMRO prescaler/WDT postscaler (single assignable register known also
as the prescaler), the external INT interrupt, TMRO and the weak pull-ups on PORTB.” (PIC16F87X
28/40-Pin 8-Bit CMOS FLASH Microcontrollers, 1998)

The configuration for INTCON_REG is provided by the datasheet in the form of descriptions
for each bit in the configuration string. These can be seen below.

REGISTER 2-3: INTCON REGISTER (ADDRESS 0Bh, 8Bh, 10Bh, 18Bh)
RIW-0 RW-0 R/W-0 RW-0 R/W-0 R/W-0 R/W-0 R/W-x

GIE PEIE | TMROIE | INTE RBIE | TMROIF | INTF RBIF
bit 7 bit 0
bit 7 GIE: Global Interrupt Enable bit

1 = Enables all unmasked interrupts
o = Disables all interrupts
bit 6 PEIE: Peripheral Interrupt Enable bit
1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts
bit § TMROIE: TMRO Overflow Interrupt Enable bit
1 = Enables the TMRO interrupt
0 = Disables the TMRO interrupt
bit 4 INTE: RBO/INT External Interrupt Enable bit
1 = Enables the RBO/INT external interrupt
0 = Disables the RBO/INT external interrupt
bit 3 RBIE: RB Port Change Interrupt Enable bit
1 = Enables the RB port change interrupt
0 = Disables the RB port change interrupt
bit 2 TMROIF: TMRO Overflow Interrupt Flag bit
1 = TMRO register has overflowed (must be cleared in software)
0 = TMRO register did not overflow
bit 1 INTF: RBO/INT External Interrupt Flag bit
1 = The RBO/INT external interrupt occurred (must be cleared in software)
0 = The RBO/INT external interrupt did not occur
bit 0 RBIF: RB Porl Change Interrupt Flag bit
1 = At least one of the RB7:RB4 pins changed state; a mismatch condition will continue to set

the bit. Reading PORTB will end the mismatch condition and allow the bit to be cleared
(must be cleared in software).

0= None of the RB7:RB4 pins have changed state

Figure 3-3

(PIC16F87X 28/40-Pin 8-Bit CMOS FLASH Microcontrollers, 1998)




The configuration string required for INTCON_REG to operate as required is 0b11100000.
Just as with the OPTION_REG, each bit represents an element of configuration. Bit 7 enables or
disables all global interrupts. This system requires interrupts, therefore it is set to 1. Bit 6 is used as
the peripheral interrupt enable bit, and is set to 1 to enable all unmasked peripheral interrupts. Bit 5
is used as an overflow interrupt enable bit. This is set to 1 to enable the TMRO interrupt. Bit 4 is used
to enable or disable external interrupts. This is not required and is therefore disabled by setting this
bit to 0. Bit 3 is the RB port change interrupt enable bit. This is again not required and is therefore
disabled by setting the bit to 0. Bit 2 is used as an overflow interrupt flag, and is set to 0 which
means TMRO did not overflow. Bit 1 is used as an external interrupt flag and is again set to 0. The
final bit in the string, bit 0 is the RB port change interrupt flag bit. This is again set to 0 meaning that
RB7:RB4 haven’t changed states.

3.2 TIMER1

Timer 1 is a 16 hit timer that will be used for this system to count pulses from the encoder. It
has a maximum count of 65535 and uses two 8 bit registers to store the high byte and the low byte
of the 16 bit count. TMR1H stores the high byte and TMR1L stores the low byte, both are readable
and writable. Figure 3-4 shows the Timer 1 block diagram found from the PIC16F877 datasheet.

TIMER1 BLOCK DIAGRAM

Set Flag bit
TMRAIF on

Overflow O Synchronized
TMR1 p Clock Input
TMR1H TMRIL
| vR1H | TMRIL | —( :

TMRION L _
________ On/OF TISYNC
RCOTI0SOTIC el
IT10SOTI1CKI 1 | i
'] : - Prescaiar Synchronize
-2 .\_:_Eloblsceu Foao/d 1.2,4.8 _f det
i, Enable Internal— 0 |
RC‘I.TIOSL.‘CCPEm I by Oscilator™ Ciock -P 2 ocluxx
TEEEEE . TICKPS1:T1CKPS0O
TMRICS

Note 1: When the TIOSCEN bit is cleared, the inverter is tummed off. This eliminates power drain.

Figure 3-4
(PIC16F87X 28/40-Pin 8-Bit CMOS FLASH Microcontrollers, 1998)

The block diagram shows that the encoder can be connected to the microcontroller using
the input pin RCO.

3.3 TIMER2

Timer 2 is an 8 bit period register which gives a maximum value of 256. Timer 2 is set up using
separate registers to Timer 0 and Timer 1. For this system Timer 2 will be used to interface the DC
motor to the microcontroller through the use of PWM. Figure 3-5 shows the Timer 2 block diagram
found from the PIC16F877 datasheet.




TIMERZ ELOCK DIAGRAM

Sets Fiag
bit TMR2IF | Cumeas)

RESET Prascaler :
| TMR2Reg [,.) 1.4, 15[ T4
Bosicaler
1 1o 1:16] BG Lo -‘Pz
T2CKPS1:
4 P2 g T2CKPSD
TZOUTPSS:
T20UTPSD

Nots 1: TMRZ reqister output can be softwars selected by the
S5P moduie 35 3 Daud Sock.

Figure 3-5

(PIC16F87X 28/40-Pin 8-Bit CMOS FLASH Microcontrollers, 1998)

The two registers that require configuration to set up Timer 2 are T2CON and CCP1CON. The

configuration tables can be seen below for both registers.

REGISTER 7-1:  T2CON: TIMER2 CONTROL REGISTER (ADDRESS 12h)

U0  RW-0 RWO RWO RW-0 RW-O0 RWO  RWD
| — [|routpsa|Toutpsz2|TouTPsi|TouTPso| TMR20N | T2cKPS1 | T2CKPSO
bit 7 bit 0

bit 7 Unimplemented: Read as '0'

bit 6-3 TOUTPS3:TOUTPSO: Timer2 Qutput Postscale Select bits
0000 = 1:1 Postscale
0001 = 1:2 Postscale
0010 = 1:3 Postscale

1111 = 1:16 Poslscale
bit 2 TMR20N: Timer2 On bit
1 = Timer2 is on
0 = Timer2 is off
bit 1-0 T2CKPS1:T2CKPSO0: Timer2 Clock Prescale Select bits
00 = Prescaler is 1
01 = Prescaler is 4
1x = Prescaler is 16

Figure 3-6




REGISTER 8-1: CCP1CON REGISTER/CCP2CON REGISTER (ADDRESS: 17h/1Dh)

uU-0

uU-0 R/W-0 RIW-0 R/W-0 R/W-0 R/W-0 R/W-0

| — | ccpxx | ccPxy | CCPxM3 | CCPxM2 | CCPxM1 | CCPxMO

bit 7

bit 0

bit 7-6 Unimplemented: Read as '0
bit 5-4 CCPxX:CCPxY: PWM Leas! Significant bits
Capture mode:

Unused

Compare mode:

Unused

PWM mode:
These bits are the two LSbs of the PWM duty cyde. The eight MSbs are found in CCPRxL.

bit 3-0 CCPxM

3:CCPxMO0: CCPx Mode Select bits

o000 = Capture/Compare/PWM disabled (resets CCPx module)

0100 = Caplure mode, every falling edge

0101 = Caplure mode, every rising edge

0110 = Caplure mode, every 4th rising edge

0111 = Capture mode, every 16th rising edge

1000 = Compare mode, set output on match (CCPxIF bit is set)

1001 = Compare mode, clear output on match (CCPxIF bit is set)

1010 = Compare mode, generate software interrupt on match (CCPxIF bit is set, CCPx pin is
unaffected)

1011 = Compare mode, trigger special event (CCPxIF bit is set, CCPx pin is unaffected); CCP1
resets TMR1; CCP2 resets TMR1 and starts an A/D conversion (if A/D module is
enabled)

11xx = PWM mode

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

- n = Value at POR '1"= Bitis set '0" = Bit is cleared x = Bit is unknown

Figure 3-7

T2CON is configured using the string 0b00000101. Bit 7 is unimplemented and is read as 0.
Bit 6-3 represents the postscaler value. With a value of 0000 the postscaler is set to have a 1:1 ratio.
Bit 2 enables Timer2 by setting it to 1. Bits 1 and 0 represent the prescaler. With these bits set to 01,

the prescaler is set to 4.

CCP1CON is configured using the string 0b00001100. Using the datasheet it can be seen that

bits 7 and 6 are unimpleme

nted and are read as 0s. Bits 5-4 represent the PWM least significant bits.

In order to set it to PWM mode, the bits are set to 00. Bits 3-0 are used to select the CCPx mode.
When set to 1100, the PWM mode is selected.




34 PWM

In PWM mode, the CCPx pin produces up to a 10-bit resolution output. The simplified PWM

diagram can be seen below.

Duty Cytie megiters — CCPICON<4-

RC2ICCP1
R o>

TRISC=2>

Clear Timer,
CCP1 pin ang
latch D.C.

Nota 1- The 3-bit imer Is concatenzted with 2-bit Intemal Q
clock, or 2 bits of the prescaier, to create 10-Dit time-
base.

Figure 3-8

The 10 bit PWM resolution is explained
well.

As shown, an 8-bit register is used to store CCPR1L, however it can be increased to a 10-bit
register through the use of CCP1CON<5:4>. Two additional registers must be configured so that the
PWM functions as required in this system. These registers are PIE2, and PIR2. PIE2 contains the
individual enable bits for the CCP2 peripheral interrupt and is configured using the string PIE2 =
0b00000000. This was done using the register configuration table located on the PIC16F877

datasheet.

REGISTER 2-6:

bit 7
bit6
bit 5
bit 4

bit 3

bit 2-1
bit 0

PIE2 REGISTER (ADDRESS 8Dh)

U0 RMO U0 RWO RIW-0 U-0 U0 RWO
[ — [rResevea] — | EEle | BCLE - — | ccp2iE
bit7 bit0

Unimplemented: Read as '0'

Reserved: Always maintain this bit clear
Unimplemented: Read as '0"

EEIE: EEPROM Write Operation Interrupt Enable
1 = Enable EE Write Interrupt

0 = Disable EE Write Interrupt

BCLIE: Bus Collision Interrupt Enable

1 = Enable Bus Collision Interrupt
0 = Disable Bus Collision Interrupt

Unimplemented: Read as '0
CCP2IE: CCP2 Interrupt Enable bit

1 = Enables the CCP2 interrupt
0 = Disables the CCP2 interrupt

Legend:
R = Readable bit
- n = Value at POR

W = Wirilable bit

"1" = Bit is set '0" = Bit is cleared

U = Unimplemented bil, read as '0’

x = Bit is unknown

Figure 3-9




“The PIR2 register contains the flag bits for the CCP2 interrupt, the SSP bus collision
interrupt and the EEPROM write operation interrupt.” (PIC16F87X 28/40-Pin 8-Bit CMOS FLASH
Microcontrollers, 1998)

The PIR2 register is configured using the string PIR2 = 0b00000000 which was derived using
the following configuration information.

REGISTER 2-7:  PIR2 REGISTER (ADDRESS 0Dh)

u-0 RW-0 uU-0 RW-0 R/W-0 u-0 u-0 RW-0
[ — |Reseved| — [ EEIF | BCLF | — — | ccPaF |
bit 7 bit 0
bit 7 Unimplemented: Read as "0’
bit 6 Reserved: Always maintain this bit clear
bit 5 Unimplemented: Read as '0'
bit 4 EEIF: EEPROM Write Operation Interrupt Flag bit

1 = The write operation completed (must be cleared in software)
o = The write operation is not complete or has not been started

bit 3 BCLIF: Bus Collision Interrupt Flag bit

1 = A bus collision has occurred in the SSP, when configured for 126 Master mode
0 = No bus collision has occurred

bit 2-1 Unimplemented: Read as "0’
bit 0 CCP2IF: CCP2 Interrupt Flag bit
Capture mode:

1 = A TMR1 register capture occurred (must be cleared in software)

0 = No TMR1 register capture occurred

Compare mode:

1 = A TMR1 register compare match occurred (must be cleared in software)
0 = No TMR1 register compare match occumred

PWM mode:

Unused

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

- n = Value at POR "1'= Bit is sat ‘0" = Bit is cleared x = Bit is unknown

Figure 3-10

3.5 PoRrTS

The PIC16F877 has four different sets of ports; A, B, C and D. These ports can be used as either
inputs or outputs depending on how they are configured. Port A is used for the pushbuttons which
requires port A to be configured to be inputs. This is done using the string TRISA = OxFF.

Port B is used for the LCD screen, which requires all the pins to be set to outputs. This is done
using the string TRISB = 0x00.

Port C has one pin that will be used as the PWM output. All the other pins on this port are
inputs. This is done using the string TRISC=0b11111011 where RC2 is the output set to 0.

Port D is used to interface the microcontroller to the keypad. Half the pins are required to be
outputs to do this, and the other half inputs. This is done using the string TRISD = 0b11110000,
where RDO-RD3 are set to be outputs, and RD4-RD7 is set to inputs.




3.6 OTHER REGISTERS

This section will contain the configuration tables and information for any other registers being

used within this system.

3.61 ADCON1

REGISTER 11-2:

ADCON1 REGISTER (ADDRESS 9Fh)

u-0 u-0 R/W-0 U-0 R/W-0 RAV-0 RAwW-0 RW-0
[profm | — | — | — [ PcFes | PcFG2 | PGFG1 | PCFGOD
bitv bitD
bit 7 ADFM: A/D Result Format Select bit
1 = Right justified. & Most Significant bits of ADRESH are read as ‘0.
o = Left justiied, 6 Least Significant bils of ADRESL are read as ‘0’
bit 6-4 Unimplemented: Read as '0'
bit 3-0 PCFG3:PCFGO: AID Port Configuration Control bits
PCFGS: [ANT!'Y| AN ANS!™ | AN4 | ANS | ANZ | ANT | AND ||| o
PCFGO | REZ | RE1 | RE0 | RAS | RAS | RAZ | RA1 | RAD Refs'?
2000 A A A e A A A A Voo | Vss 80
Q001 A A A A VREF+ A A A RAJ Vs 71
Q010 o D D A A A A A Voo Vs 50
0011 1] 3] D A | veee+ | A A A RA3 | vss 411
Q100 o D D D A D A A Voo Vss 0
0101 D D D D | VRer+ D A A RA3 | Vss 21
o1lx o D D D D o o D Voo vss a0
1000 A A A A VREF+ | VREF- | A A RAJ | RAZ B2
1001 o D A A A A A A Voo Vss &0
1010 5] 5] A A | vees+ | A A A RA3 | vss 511
1011 o D A A Vrer+ | VRer- A A RAZ RA2 412
1100 o ) o A | veee | vRer-| A A RAZ | RAZ Er
1101 o D D D VREFt | VREs | A A RA3 | RA2 22
1110 [:] 5] 3] [3] 5] 3] o A voe | ves 10
1111 o D D D VREF+ | VREF- o A RA3 RA2 12
A= Analog input D = Digital VO
Note 1: These channels are not available on PIC16F873/876 devices.

2: This column indicates the number of analog channels available as A/D inputs and
the number of analog channels used as vollage referénce inputs

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit. read as '0'
-n = Value at POR 1" = Bitis set ‘0" =Bitiscleared  x = Bitis unknown

The ADRESHADRESL registers contain the 10-bit
result of the A/D conversien. When the A/D conversion
is complete, the resull s loaded into this A/D result reg-
ister pair, the GO/DONE bit (ADCONQ<2>) is cleared
and the A/D interrupt flag bit ADIF is set. The block dia-
gram of the A/D module is shown in Figure 11-1.

After the A/D module has been configured as desired,
he selected channel must be acquired before the con-
version is started. The analog input channels musl
have their corresponding TRIS bits selected as inputs.

To determine sample time, see Section 11.1. After this
acquisition time has elapsed, the A/D conversion can
be slarted

Figure 3-11




36.2 PIE1

PIE1: PERIPHERAL INTERRUPT ENABLE REGISTER 1

RW-0 RW0 RWJ{ RW-0 RW-0 RW-0 RW-0 RW-0
EEE | ADE | RCE | C2 | CUE | OSFIE | TXE | TMRIE
bit 7 bit 0
Legend:
R = Readable bit W = Wntable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0" = Bitis cleared X = Bit is unknown
bit 7 EEIE: EE Write Complete Interupt Enable bit
1 = Enables the EE write complete interrupt
0 = Disables the EE write complete interrupt
bit 6 ADIE: A/D Converter (ADC) Interrupt Enable bit
1 = Enables the ADC interrupt
0 = Disables the ADC interrupt
bit 5 RCIE: EUSART Receive Interrupt Enable bit
1 = Enables the EUSART receive interrupt
0 = Disables the EUSART receive interrupt
bit 4 C2IE: Comparator 2 Interrupt Enable bit
1 = Enables the Comparator C2 interrupt
0 = Disables the Comparator C2 interrupt
bit 3 CA1IE: Comparator 1 Interrupt Enable bit
1 = Enables the Comparator C1 interrupt
0 = Disables the Comparator C1 interrupt
bit 2 OSFIE: Oscillator Fail Interrupt Enable bit
1 = Enables the oscillator fail interrupt
0 = Disables the oscillator fail internupt
bit 1 TXIE: EUSART Transmit Interrupt Enable bit
1 = Enables the EUSART transmit interrupt
0 = Disables the EUSART transmit interrupt
bit 0 TMRA1IE: Timer1 Overflow Interrupt Enable bit

1 = Enables the Timer1 overflow interrupt
0 = Disables the Timer1 overflow interrupt

PIE1 register bits are to enable the peripheral interrupts

Figure 3-12




3.6.3 PIE2

PIC16F882/883/884/886/887

2225  PIE2 Regestar

The PIE2 regiser contain the inkeengn snable bits, a8 Note: Bt PEIE of he INTCON regiser must bé |
shown n Asgater 25 I ol 1) mrabie any pesighecal et gl

REGISTER 25:  PIE2: PERIPHERAL INTERRUPT ENABLE REGISTER 2

| hee RS _NWO W s awe W e
" OSAE | C2f | CE | EEE | BOLE | UWPWUE | — | oCRE |
oe bR
Legend:

A « Reedabio bt W =« Wintobie ot U = Unsmplemented b, read as 0

A« \ilue & POR 1"« Bl s st 0 « Bl is chaed ¥ « Bl is urknown

oe? OSAE: Oscllator Fal Infermupt Enable bt

1w Ersblen oscllalor Gsl et
0« Diables oscilaior (sl miempt
1] CAE: Corparator (2 Intermupt Enable be
1= Enabés Comparats C2 inteman
0« Disaties Comparaior 02 mtermupl
e CHE: Comparator C1 Infemupt Enable bt
1w Enables Comparair C1 infamugn
D« Dsabies Comparanr C1 nteesupt
bed EEIE: CEPAOM Yiete Operation merrupt Enable bit
1 » Enablea EEPROM wrie aperation intmugt
0 u Dinaties EEPROM wiile opseation infemg!
3 BCUE; Bus Colson hiesrupt Ennbie bt
1« Enabiés Bus Collgion inteenupl
0« Deabkes Bus Colision infemupt
2 ULPWUIE: Uira Low-Power Wa ke -up Intemupt Enable be
1« Enables Ukis Low-Powar Wiake wp iteonp!
0w Dt LUira Low-Power Wake-up intemag
bt Unimplemented: fAoad ne
el CCPRE: CCP2 Imesnupt Erable bi
i « Erables CCPZ imemgt
0« Dissties CCP2 intermupt

Figure 3-13




364 PIR1
PIR1: PERIPHERAL INTERRUPT REQUEST REGISTER 1

RWO  RWD RO RWO  RWO  RWD RO R0
EEF | ADF | ROF | CIF | CIF | OSFF | TXF | TMRIF

bit7 bit0

Legend:

R = Readable bit W = Witable bit U = Unimplemented bt read as 0

-n=Value at POR '1'= Bt is set 0'= Bitis cleared x = Bitis unknown

bit7 EEIF: EEPROM Wite Operation Interrupt Flag bit

1 = The write operation completed (must be cleared in software)
0 = The write operation has not completed or has not been started
bit 6 ADIF: A/D Converter Interrupt Flag bit
1= A/D conversion complete (must be cleared in software)
0 = A/D conversion has not completed or has not been started
bit 5 RCIF: EUSART Receive Interrupt Flag bit
1 = The EUSART receive buffer is full (cleared by reading RCREG)
0 = The EUSART receive buffer is not full
bit 4 C2IF: Comparator C2 Interrupt Flag bit
1= Comparator output (C20UT bit) has changed (must be cleared in software)
0 = Comparator output (C20UT bit) has not changed
bit 3 C1IF: Comparator C1 Interrupt Flag bit
1= Comparator output (C10UT bit) has changed (must be cleared in software)
0 = Comparator output (C10UT bit) has not changed
bit 2 OSFIF: Oscillator Fail Interrupt Flag bit
1= System oscillator failed, clock input has changed to INTOSC (must be cleared in software)
0 = System clock operating
bit 1 TXIF: EUSART Transmit Interrupt Flag bit
1= The EUSART transmit buffer is empty (cleared by writing to TXREG)
0 = The EUSART transmit buffer is full
bit 0 TMRAIF: Timer1 Overflow Interrupt Flag bit
1= The TMR1 register overflowed (must be cleared in software)
0 = The TMR1 register did not overfiow

Figure 3-14




3.6.5 PIR2

PIR2 Register
The PIR2 regaster contauns e mtecrupt flag bits,

g

Fig. 218 PIR2 repister

OSFIF - Oscillator Fuil Intermpt Flag bit,
* |« System oscillator failed and clock input has changed o internal oscillator INTOSC. This
bit must be cleared in software.
¢ 0. System oscillator operates normally.

CIIF - Comparator C2 Inferrupl Flag bit.
o |- Comparswor C2 outpul bas changed (bit C2OU T) This bit naust be cheared in sollware.
*  O- Comparawor CIoutput has ot changed.

CIIF - Comparator C1 Interrupt Flag hit.
® | . Comparsor C 1 output has changed (hit C1OUT) This bit must he clesrad in software
¢ - Comparasar C 1 output has not changed

EELF - EE Write Operation lnterrupt Flag bit
* | . EEPROM write completed. This bet must be cleared in software.
* (- EEPROM wiite s not completed or bas not started.

BCLIF - Bus Collision Interrupt Flag bit.
& | - A bus collision has occurmed in the MSSP when configured for 12C Master mode. This
bit must be clearad in software.
* 0+ No bus oollision has occumed.

ULPWUIF - Ulira Low-power Wake-up Interrupt Flag bit,
* | - Wake-up condinon has occurred This bit must be cleared in software
* 0 No Wake-up condition has occurred

CCP2IF - CCP2 Interrupt Flag bit.
¢ | - COP2 interrupt conditson has occumed (unet for capturing, comparing and generating
PWM signal). Depending on opernting mode, capture or compare match has occurred. In
both cases, the bt must be cleared in sofiware. This bt is not used in PWM mode
& 0. No CCP2 inermupt conditon las occurred

Figure 3-15




3.6.6 TICON

REGISTER 6-1: T1CON: TIMER1 CONTROL REGISTER
RIW-0 RW-0 RW-0 RW-0 RW-0 RIW-0 RW-0 RIW-0
TIGINVI | TMR1GE® | T1CKPS1 | T1CkPS0 | T10SCEN | TISYNC | TMRICS [ TMRION
bit 7 b0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as 0
-n = Value at POR '1" = Bit is set ‘0" = Bit is cleared x = Bit is unknown
bit 7 TAGINV: Timer1 Gate Invert bit("

bit6

bit 5-4

bit 3

bit 2

bit 0

Note 1:
2

1 = Timer1 gate is active-high (Timer1 counts when gate is high)
0 = Timer1 gate is active-low (Timer1 counts when gate is low)
TMR1GE: Timer! Gate Enable bit{2)
HTMRION = 0:
This bit is ignored

iy

1 = Timer1 is on if Timer1 gate is not active

0 = Timer1 is on

T1CKPS<1:0>: Timer1 input Clock Prescale Select bits
11 = 1:8 Prescale Value

10 = 1:4 Prescale Value

01 = 1:2 Prescale Value

00 = 1:1 Prescale Value
T10SCEN: LP Osciliator Enable Control bit

i T

1 = LP oscillator is enabled for Timer1 clock

0 = LP oscillator is off

Else.

This bit is ignored. LP oscillator is disabled.

T1SYNC: Timer1 External Clock Input Synchronization Control bit
IMRICS = 1:

1 = Do not synchronize extemal clock input

0 = Synchronize external clock input

IMRICS = 0:

This bit is ignored. Timer1 uses the intemal dock
TMR1CS: Timer1 Clock Source Select bit

1 = External clock from T1CKI pin (on the rising edge)
0 = Internal dock (FoscM)

TMR10ON: Timer! On bit

1 = Enables Timer1

0 = Stops Timer1

T1GINV bit inverts the Timer1 gate logic, regardless of source.
TMR1GE bit must be set to use either T1G pin or COUT, as selected by the T1GSS bit of the CMCON1
register, as a Timer1 gate source.

Figure 3-16




3.6.7 Timer 2 Control Registers
REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER

T Value on
Address | Name | Bit7T Bit6 Bit5 Bit 4 Bit3 Bit2 Bit1 Bito | all other
POR, BOR Rasote

0Bh, 8Bh, [INTCON| GIE PEIE | TMROIE | INTE RBIE | TMROF | INTF REIF  |0000 000x|0000 000
108h, 18Bh

och PRI |PsAF®| ADF | ROF | TIF | 8SPIF [ CCPIF | TMR2IF | TMRIIF [ocoo caoafoooo oooo
8Ch Pl |psPE®| apE | Rroie | T™E | ssPiE [ ccPiiE | TMR2IE | TMRIIE [oooo cooofoosn oooo
1h TMR2  [Timer2 Module's Register 0000 0000/0000 0000
12n T2CON | —  [routPss[TouTtRsz{TouTPs [TouTRSD| TMRZON] T2CKPS [T2CKPSD[- 000 0000]-000 D000
82h PR2 Timer2 Period Register 1111 11211111 13111

Legend: = unknown,u = unchanged, - = unimplemented, read as '0". Shaded czlls are notused by the Timer2 module.
Note 1. Bits PSPIE and PSPIF are reserved on 28-pin devices; alwavs maintain these bits clear

Figure 3-17
The operation of timer2 is controlled by T2CON register. In bellow find the bit pattern of T2CON register.

T2CON: Timer2 Control Register

U0 RW-0 RW-0 RIW-0 RW-0 R/W-0 RW-0 RIW-0
[ — | TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO | TMR2ON | T2CKPS1 | T2CKPS0 |

bit bit 0
7
bit7 Unimplemented: Read as '0' bit 2 TMR20N: Timer2 On bit
bit 6:3 TOUTPS3:TOUTPSO: 1=Timer2is on
Timer2 Output Postscale Select bits 0="Timer2 is off
0000 = 1:1 Postscale bit 1.0 T2CKPS1:T2CKPS0: Timer2 Clock Prescale Select bits
0001 = 1:2 Postscale 00 =Prescaleris 1
o 01 = Prescaler is 4
. 1x = Prescaler is 16

1111 = 1:16 Postscale

Figure 3-18




3.6.8 CCPI1CON

REGISTER 10-1: CCP1CON REGISTER (ADDRESS 17h)

bit 5-4:

bit 3-0:

U0 U0 RWO RWOD RWD RW-0 RAW-0 RIW-D
[ — [ — [weepm [eermw | ccrma | corime [ copimt [ cepimo | [R = Readable bit
bit? bitd W = Writable bit
U = Unimplemented bit, read
as'l’
-n = Value at POR reset
bit 7-6:  Unimplemented: Read as 0"

CCP1X:CCP1Y: PWM Least Significant bits

Capture Mode: Unused

Compare Mode: Unused

PWM Mode: These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPRxL.

CCP1M3:CCP1M0: CCPx Mode Select bits

0000 = Capture/Compare/PWM off (resets CCP1 module)

0100 = Capture mode, every falling edge

0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th rising edge

0111 = Capture mode, every 16th rising edge

1000 = Compare mode, set output on match (CCP1IF bitis set)

1001 = Compare mode, clear output on match (CCP1IF bit is set)

1010 = Compare mode, generate software interrupt on match (CCP11F bit is set, CCP1 pinis unaffected)
1011 = Compare mode, trigger special event (CCP1IF bit is set; CCP1 resets TMR1
11xx = PWM mode

Figure 3-19




3.6.9 PWM and T2 Registers

REGISTERS ASSQCIATED WITH PWM AND TIMER2

. : . : . : . - | value on; | Yalueon

Address | Name | Bi7 | BitS | BAS | B4 | B3 | B2 | Bit1 | Bit0 (oot allother
Resets

0Bh,8Bh, |INTCON | GIE | PEIE | TMROIE | INTE | RBIE | TMROF | INTF | RBIF |0000 000x|0000 000u
108h, 188h
och PIRY pspirt] apF | RoF | TxF | sspF [ ccriF | ™MRaiF | TMRIF Jocoo ccoofoson caoo
00h PIR2 == = = = = — | copaF [ ——-o[---- -0
8Ch PET  |psPIE™| ADIE | ROIE | TXIE | SSPE | CCP1IE | TMR2IE | TMRIIE [0000 oooofoccs 0000
80n PIE2 — = = - = = — [copaE |- ——-0[---- ---0
87h TRISC  |PORTC Data Direction Register 1111 1111{1111 1111
11h TMR2  [Timer2 Module's Register 0000 0000{0000 0000
92h FR2 Timer2 Module's Period Register 1111 1111{1111 1111
120 T2coN | —  [tourPs3[Toutpsa|TouTpsi|TauTPSI| THR2ON [T2CKRS1|T2CKPSD|-000 0000[-000 0000
15h CCPRIL |CaplurefCompare/P¥Wi Register 1 (LSB) OO0 X200 Uuul uuun
16h CCPR1H |Caplure/Compare/PW Register 1 (MSB) JOO0E X000 UUULL Ui
17n ccPicon] — | — | cepix | copiv [cerims| copmz | copimi | ccPino|--oo oool--oo cooo
1Bh CCPRIL |Caplure/Compare/P¥WM Register 2 (LSB) SOO0E X002 I
1Ch CCPR2ZH |Caplure/CamparelP¥WM Register 2 (MSB) OO0C X002 UYL
10h ccracoN]| — | = Teepx | cepav [corams]copanz [ copamt [ ocram|--00 ooo]--00 0000
Lagm: x = Uhknown, u = unchanged, -= unimplamented, read as '0'. Shaded cels are not used h‘;‘ Py and Timer2

Note 1:

Bits P SPIE and PSPIF are reserved on 28-pin devices, always maintain these bits clear.

Figure 3-20 Configuratio
n
explanation
is very
good.




4 SOFTWARE DESIGN AND EXPLANATION

4.1 HEADER FILES, FUNCTION PROTOTYPES AND GLOBAL VARIABLES

The first section of code in the program includes the header files, function prototypes and
global variables. The header files include pic.h and LCD.h. Pic.h is required as it contains the inner
workings and libraries needed for the PICL6F877 to be used. LCD.h is included as it contains the pre-
written functions that the LCD needs to operate. Using LCD.h is convenient as these functions do not
have to be manually written again, which saves time.

Following the header files are the Function Prototypes. There are four prototypes included
here; DisplaySpeed, DisplayValues, ScanKeypad and Delay. Each of these functions will be discussed
in their own section later on. Each of the prototypes include the type of data they are bringing in and
returning.

Finally, the global variables are declared. These variables can be accessed by any function
within this program as they are global. Firstly, milliseconds, speed, fault, speed_low_byte,
speed_high_byte and run are all declared as integers. They are also all initialised to have a value of 0.
This means that when the system is started up, all these values have an initial value of 0.

Following these are the more important control variables, which are given a data type float as
they require a higher degree of accuracy to have more control over the system. These variables are
setpoint, error, output, prop_part, int_accumm kp and ki. All of these are initialised to 0 once again,
apart from Kp and Ki. Kp and Ki were set to 0.5 and 0.01 through tweaking to be ideal values for the
practical build. This code can be seen in Figure 4-1.

//Function Prototypes

DisplaySpeed(int line, int valu=):
void DisplayValues(int line, int wvaluel, int value2, int value3);
int ScanKeypad(void):
void Delay(int t);
//Global Variables
int milliseconds=0, speed=0, fault=0; //global variables
int speed_low_byte=0, speed_high byte=0, run=0;
float setpoint=0, error=0, output=0, prop part=0, int accum = 0 ,Kp = 0.3, Ki = 0,
Figure 4-1

4.2 INTERRUPT SERVICE ROUTINE

The next section of code contains the interrupt service routine (ISR). The ISR is used to run
periodically to accurately count pulses. The ISR doesn’t run the risk of being delayed by other
functions within the code as it interrupts whatever is currently being executed, to execute its own
function. The code within the ISR can be seen in Figure 4-2.

Good
explanati
on of
how the
ISR
operates
within the
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void interrupt ISR(void) //there are 3 possible interrupt sources

a4
E 1E(TOIF==1) //timer 0 is timing, interrupt every lOms
{
TOIF =
THRO = c¢4;
milliseconds+=
if ((milliseconds==1000) && (fault==0})
| {
speed low byte = TMRIL:
speed high byte = TMR1H:
TMRIL = O;
TMR1H = 0O;
milliseconds=0;
E }
B }
if(IMRLIIF=1) //ftimer 1 is in event mode counting pulses
4 {
TMR1IF = 0; //clear the interrupt flag

fault = 1;

iE(TMR2IF=1) //timer 2 is for PWM
a {
TMRZIF = 0O
= }
51

Figure 4-2

The code has 3 possible interrupt sources, TOIF, TMR1IF and TMR2IF. Since Timer 1 is set to
event mode counting incoming pulses, If timer 1 overflows and the TMR1IF is set, fault is changed to
1 and the interrupt flag is cleared. This shows that a fault has occurred within the system and it isn’t
functioning correctly.

If timer 2 overflows and TMR2IF is set, then the interrupt flag is simply cleared. The majority
of the code within the ISR involves Timer 0 and its interrupt flag. If TOIF is set, the flag gets reset and
TMRO is preloaded with 64 (For 10ms interrupts). The milliseconds global variable is incremented by
10 and then an if statement is reached. This if statement states that if milliseconds is equal to 1000
and fault is equal to 0, the following code will be executed. Therefore these lines of code will be
executed every 1000ms.

The first two lines of code sets the global variables speed_low_byte and speed_high_byte to
equal the low and high TMR1 registers respectively. The two registers TMR1L and TMR1H are then
set to equal 0, along with the milliseconds variable.

This is

4.3 MAIN PROGRAM explain
This section of code is split into two main sections; the corﬁ)dgurfation strings, and the while

super loop. cileany.

4.3.1 Configurations
This section of code can be seen in Figure 4-3.
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void main(void)
Bt
int enable keypad=l, key;
TRISA wm OxFF;

ADCON1 =
TRISB = 0x00;
TRISC - Ox

TRISD -

PORTB = Ox :
LCD_Startupi) :

FIEl
FIE2
PIR1
PIR2

INTCON
OPTION REG

=

T1CON
THRIL
THR1H

//secup for TIMER 1 in event mode from

PR2

CCPR1L
T2CON
CCPICON =

Figure 4-3

The first line of code within this section declares two local variables, the first enables the
keypad through the use of the local variable enable_keypad being set to 1. The other is ‘key’ which
will be used to store the value input by the user on the keypad.

Following this are the port configuration strings which were previously discussed in Section
3.5. ADCONL1 is also configured here with the string ADCON1 = Ox8E which sets the bits to 00001110.
After the ports are configured the LCD_Startup function is called. This function is included in the
LCD.h header file and is used to initialise the LCD screen so it is ready to be used.

As previously discussed, PIE1 is set to 0b00000011 which eneables the peripheral interrupt
register for TMR1 and TMR2. PIE2 is cleared along with PIR1 and PIR2 by setting them to 0. INTCON
and OPTION_REG registers are set to the previously discussed configurations.

T1CON is then configured to set up Timer 1 in event mode from RCO. The high and low TMR1
registers are then set to equal 0. Finally, PR2 is set to 255 which is the highest value, CPPR1L is set to
0 to create a 0% duty cycle, T2CON and CCP1CON are then configured as previously discussed to set
up timer 2 in PWM mode.

4.3.2  While Super Loop E

The code within the while loop can be seen in Figure 4-4.

Q 3 O




while(l)

=] {
speed = (int) ((float) ((speed low byte + speed high byted: }#E)} J50) ;
//spsed = (

(float) (sp=ed low byts + speed high bytes258)):

//speed = 3

bl | ;
1splayspeed (0, speed) ;

if ((RAl==1) &&(RA2Z==0)) run
if ((BAl== ) &&(RAZ==1)) xun

key = ScanKeypad() :

if((key!=-1) && (enable_keypad==l))
El {
setpoint = secpoint * + (floac)key:
enable_keypad=_:
¥

/4 if((key=='#')&& (enable_keypad==1))
if(key="%")
E {
JeTpolint = i

I }
1 (kaym=-_) enable keypads]:

if (setpoint> ) setpoint =
if(setpoint<) setpoint = O;

if(run=—1)
E {
error = setpoint - {flcat)speed;
PIOp_PaIt = error * Kp;
int_acoum #= erzor * Ki;
ourput = prop_part + int_accum:

else

erroy =
int_accum = 07
OULPUL =

RCZ =

if{output <0) output = 0;
1f (output > ) output =

CCPRIL = (int)output/4:

DisplayValues(0, (int)setpoinc, speed, (int)error):
DisplayValues(l, (int)prop_part, (inc)inc_accum, (inc)outpuc);

Figure 4-4

This section of code is contained within a super loop initiated with the line while(1). This
means that the code will be executed over and over again until the system is powered down, only to
be interrupted by the ISR. The first line of code within this loop is a calculation used to calculate the
speed the motor is currently running at. The ISR obtains values from TMR1L and TMR1H and stores
them within the global variables speed_low_byte and speed_high_byte. These values are physical
parameters used in the calculation.

The next two lines are used to start or stop the motor depending on which pushbutton is
pressed. The start button is connected to RA1, and the stop button is connected to RA2. If either of
the if statements is found to be true, then run is set to 1 to start, or 0 to stop.

The following line is a function call which assigns the returned value from the ScanKeypad
function to the local variable ‘key’. This is then followed by a series of if statements which depend on
the value of key. If key is equal not equal to -1 and the keypad is enabled, the input value is
processed so that the value the user inputs can be displayed on the LCD screen. This is done by




having the current value stored within the setpoint variable multiplied by 10, then added to the
most recent input value from the keypad. An example of this can be seen below for a value of 2468.

2 is input, setpoint = (0+10) +2 =2 Clear explanation of how the

4 is input, setpoint = (2 + 10) + 4 = 24 keypad encoder works for 4
figure values. )
6 is input, setpoint = (24 * 10) + 6 = 246 worth noting there is a

latch here which prevents
8 is input, setpoint = (246 * 10) + 8 = 2468 debounce of the
The next if statement is executed if # is pressed. The code within this statement sififgip €SS-
resets the value of setpoint to 0. This is followed by an if statement that checks to see if the value of
key is equal to -1 and the keypad is enabled. If this is true, then the program checks to see if the
value of setpoint is greater than 2300, or less than 0. If setpoint is greater than 2300, the value of
setpoint is set to 2300. Likewise, if the value of setpoint is less than 0, it is set to equal 0. These two
statements act as upper and lower limits to stop the user from inputting a setpoint that is too high,
or too low which could be dangerous for the system.

The next section of code is contained within an if else statement. The first section is
executed if run is equal to 1. This code acts as the Pl controller algorithm. Firstly, the error is
calculated by subtracting the speed from the setpoint. This error is then used to calculate the
proportional part of the Pl controller by multiplying the error by Kp. The integral part of the PI
controller is then calculated by multiplying the error by Ki and accumulating it each time a
calculation is done. Finally, the output of the Pl controller is calculated by adding the proportional
and integral parts together. This creates an output for the PWM.

If run is not equal to 1, the else statement is executed which sets the error, the integral
accumulation, output and RC2 all to 0. This resets the Pl controller if the stop button is pressed. An
upper and lower limit for the output is then set to 1023 and 0 respectively to stop the output from
going dangerously high or negative. CCPR1L is then set to equal the output/4 and two function calls
for DisplayValues are declared. The first uses line 0 and is set to display the setpoint, speed and the
error. The second function call uses line 1 and is set to display the proportional, integral
accumulation and the output. Therefore, all the vital information for the controller and motor
performance is displayed on the LCD as the specification requires.

The output/ 4 was for
testing and the final
system used the 10 bit
resolution. This should be
stated here. The
explanation of the code
here is correct.




4.4 DISPLAYSPEED FUNCTION

The next section of code is the function description for DisplaySpeed. This function is used to
store the speed in an array ready to be displayed on the LCD. The values for line and value are
brought into this function to be used. Figure 4-5 shows the code.

void DisplaySpeed(int line, int wvalue)

=K

int units, tens, hunds, thous, temp;

unsigned char scring[l17]:

thous = value /1000;

hunds = value %1000/100;

tens = wvalue $1000%100/10;

units = value %1000%100%10;

string[0] = thous + 43:

string[l] = hunds + 23;

string[2] = tens + 43;

string[3] = units + <€3;

string[4]l = ' ';

scring[5] = 'R';

string[c] = 'B':

string[7] = 'M';

string[3] = O;

DisplayString(line, string): //send string data to LCD line 1
=1

Figure 4-5

The first line of code declares five local variables of the datatype integer. These are units,
tens, hunds, thous and temp. An array of 17 elements is then declared which will be used to store
the units, tens, hundreds and thousands digits along with the letters RPM.

Following the declaration of the array are a series of calculations used to convert the
number stored in the value variable into individual digits for units, tens, hundreds and thousands.
These digits are then stored in the array elements 0-3. Each digit’s variable is followed by a +48 to
convert the value into its ASCIl equivalent. The 8" element of the array contains a 0 to tell the
program to end the array there.

This function ends with a DisplayString function call which sends the value in line, and the
data stored within the array to the DisplayString function. This information is to be displayed on line
1 of the LCD, therefore when DisplaySpeed is called upon, the value of line is set to be 1.




4.5 DISPLAYVALUES FUNCTION

The next function definition is DisplayValues which can be seen in Figure 4-6. The function
brings in the line, valuel, value2 and value 3 variables to be used. The first line of code declares the
same 5 local variables as the previous function. An array of 17 elements is once again declared in the
next line. The rest of this function operates in the same way as DisplaySpeed, where the values
stored within the valuel, value2 and value3 variables are all converted into their individual digits,
stored within the array and then the array is sent to the DisplayString function using line 1.

void DisplayValues({int line, int valuel, int value2, int value3)
Bl{

int units, tens, hunds, thous, temp;
unsigned char atring[l17]:

if(valuel>=0) string[C] = '+°;
else

= {

scring[0] = '-';

valuel = valuel¥*(-1);

5 t

thous = valuel
hunds = valuel
tens = waluel
units = valuel

@ P~

string[l] = thous + 4
string[2] = hunds + ¢
string[3] = tens + 43;
string[4] = units + 42;

if(valuez>=0) string[s] = '+':
else

{

string[5] = '-';
value2 = value2*(-1);
}
thous = value2 /[
hunds = value2 % ! )
]
%

tens = value2
units = value2

atring[c] = thous +

string[7] = hunds + 4¢
string[8] = tens + 43;
string[®] = units + 43;

if{value3>=0) string[l0] = "+*;
else
{

scring[lo] = '-';
value3d = value3*(-1);
}
thous = value3
hunds = wvalue3
tens = value3l
units = value3d

f100;
%100/10;
$100%1

P P =

thous + 48;
hunds + 43;
tens + 48;
= unics + <€38;

string|(
sctring([i2
string[l
string[l4
string|

DisplayString({line, string): //send string data to LCD line 1

Figure 4-6

Expl
anat
ions




4.6 SCANKEYPAD FUNCTION

This function is used to scan the keypad so that when the user presses a key, it detects the
correct value input. The function returns an integer in the form of the variable ‘key’. Key is initially
set to -1 as there is no -1 button on the keypad, allowing it to operate as a placeholder value.

This function determines which key is pressed by scanning each column in sequence by
enabling and disabling the D ports. All three columns act on the same principle so only one needs to
be described. For column 1, RDO is set to output 1. This enables all the buttons on column 1 to be
scanned. This is followed by a delay to increase stability. Following the delay are 4 if statements,
each of which checks to see if a button has been pressed. RD4 represents key1, RD5 represents key4,
RD6 represents key7 and RD7 represents key*. RDO is then set back to 0, and the same process
happens for column 2 where RD1 is enabled. Column 3 is scanned last when RD2 is enabled. This
cycles until a button press has been detected and that value is returned.

int ScanKeypad (void)

=E
int key=-1.;
RDO = . : f{scan column 1
Delay(l):
if (RDd == 1) key = 1;
if (RDS = 1) key = 4
if (RDE == 1) key = 7
if (RD7 == 1) key = '*
RDO = 0O; //fdisable column 1
RD1 = 1: f/f8can column 2
Delav(l):
if (RD¢ == 1) key = 2;
if (RDE == 1) key = 5
if (RDE == 1) key = o;
if (RDT == 1) key = O;
RD1 = O /fdisable column 2
RD2 = 1; //fscan column 3
Delay(l)
if (RD4 == 1) key = 2;
if(RD5 == 1) key = 6
if (RDé == 1) key = &;
if (RDT == 1) key = '#°
RD2 = 0 //disable column 3
return key:

Good explanation
that explains the
function. Worth
pointing out that
this is called from
the while loop and
returns the key
pressed.




4.7 DELAY FUNCTION
The final function description is the delay function. This can be seen in Figure 4-7.
void Delay(int t)
{
int i:
for(i=0;i<t;i++)

Figure 4-7

This function is used as a debouncer and to increase stability of the program. It takes a set
value and increments a variable until that value is met. Thus, creating a delay for however many
clock pulses it takes to reach the set value.




5 TESTING AND ANALYSIS OF RESULTS

;
5.1 SIMULATED TEST hi

The first tests for the program are simulations using Proteus. A?simulated experiment can be
: is
seen in
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As shown, the start / stop push buttons are connected to port A, the LCD is connected to
port B, port Cis used for the PWM output to the motor, and port D is used to interface with the
keypad. The PWM wave is needed to be tested to make sure that the program produces the right
output to control the motor’s speed. This is done by testing four set point values. These tests can be
seen as follows, and all the results are documented in a table.

The following equation is used to calculate the frequency.

1
(division on scope) X (timebase on scope)

Frequency =

RPM is calculated by:

60

RPM = Frequency % (m)

PPR(Pulses per revolution) = 100




511 Simulated Test 1 (100 rpm setpoint)

iDiqitdI Oscilloscope

Channal C f

Figure 5-2

1
Frequency = i 166.67

60
Caculated RPM = 166.7 X (ﬁ) — 100 rpm

Actual Speed =99

5.1.2 Simulated Test 2 (200 rpm setpoint)

Channel C

AC|

Figure 5-3

1
Frequency = 5= 333.33Hz




60
Calculated RPM = 333.33 x (ﬁ) — 200 rpm

Actual Speed = 199 rpm
5.1.3 Simulated Test 3 (300 rpm setpoint)

Channel ©

Figure 5-4

1
Frequency = 5= 500Hz

60
Calculated rpm = 500 x (m) = 300 rpm

Actual speed = 298 rpm
5.1.4 Simulated Test 4 (360 rpm setpoint)

Chanmel ©
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Figure 5-5

1
Frequency = T 568.18Hz




60
Calculated rpm = 568.18 X (ﬁ) — 360rpm

Actual speed = 356
ctual spee remt The tests carried out are good.

5.2 TABLE OF SIMULATED RESULTS

Setpoint Calculated RPM Actual RPM
100 100 99
200 200 199
300 300 298
360 360 356
Table 1

These results from the four simulated tests proves that the PWM output from the program
is accurate with a small % error. With the simulated test being a success, the practical build can be
done.

5.3 PRACTICALTEST
The practical test can be seen in Figures 5-9.

Figure 5-6




Figure 5-8




Figure 5-9

Once set up and programmed, the PWM and setpoint waveforms were measured using a
Picoscope and documented for later comparison. The frequency, duty cycle and rpm were also
calculated and documented to check that the waveform is output for the setpoint speed.

5.3.1 Practical Test 1 (200 rpm setpoint)
The Setpoint waveform for 200 rpm can be seen below.
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Figure 5-10

1.2 division at 0.5ms per division = 0.0006

Frequency = = 1666Hz

1
0.0006

60
Calculated rpm = 1666 % (ﬁ) =200




The PWM waveform for 200 rpm can be seen below.
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Didkyeyel —204x(100)—47%
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5.3.2 Practical Test 2 (1000 rpm setpoint)
The setpoint waveform for 1000rpm can be seen below.
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Figure 5-12

1.2 divisions at 0.1ms per division = 0.00012

F= 0.00012 8333Hz

60
Calculated rpm = 8333 x (%) =999.6 rpm




The PWM output waveform can be seen below.
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Figure 5-13

100
Duty cycle = 1003 x —— = 13.3%

1023
5.3.3 Practical Test 3 (2000 rpm setpoint)
The setpoint output waveform can be seen below.
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Figure 5-14

1.2 divisions at 0.05ms per division = 0.00006

= 16666Hz

1
Frequency = 7.00006

60
Calculated rpm = 16666 X (%) — 19992 rpm




The PWM output waveform can be seen below.
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Duty cycl *2001)((100)*4140/
uty cycle = Toz3) = 414%

5.3.4 Practical Test 4 (2350 rpm setpoint)
The setpoint output waveform can be seen below.
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Figure 5-16]

1 division at 0.05ms per division = 0.00005

Frequency = 000005 — 20000Hz

60
Calculated rpm = 20000 x (m) = 2400 rpm




The PWM output waveform can be seen below.
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Figure 5-17

100
Duty cycle = 2349 x (—) =99.6%

1023 Practical tests look good and the

images of the setup give reference to
the tests results.

5.4 PRACTICAL TEST SUMMARY

The practical tests and calculations have proved that the program produces an accurate PWM
output so that the setpoint is met. The specification provided by the assignment brief was met and
therefore this system is a success.
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6 DiscussiON AND CONCLUSIONS

The specification for this assignment stated that a system must be created to control the
speed of a DC motor by using a microcontroller. A setpoint was to be input through the use of a
keypad, which would be displayed on an LCD display. This setpoint would be used to increase or
decrease the speed of the DC motor until the setpoint was reached.

The motor was required to be started and stopped through the use of pushbuttons. These
buttons proved to work in the practical test.

The speed, error, setpoint, proportional, integral accumulation and PWM output were
required to be displayed on the LCD screen. This was achieved and proved within the practical test.
The keypad interface operated as intended, and the Pl controller calculated the error to a high
degree of accuracy, so that the PWM output was able to accurately control the speed of the motor.

The use of a microcontroller along with a development board allowed for easy testing and
design. Future alterations and improvements could easily be made to this system as the program can
easily be altered and the microcontroller reprogrammed. A possible improvement to the system
could be to improve the controller to have a derivative aspect, making it a PID controller.

Another possible change to the program would be to have the motor be able to alternate
rotary direction.

The use of Proteus to simulate the system allows for testing before having to do a practical
build. This saves time, and potentially money on development as changes to components can be
done through a series of clicks rather than having to actually obtain replacement parts for a practical
build. This allows for efficient design and testing.

All aims and objectives for this assignment were achieved by designing, creating and testing
the specified system, therefore making this assignment a success.
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7 TeAM WORKING

This assignment was almost entirely done as an individual, from creating the code to
simulated testing. However, to save time and be more efficient, the practical build was done as a
group of 4 with the assistance of a lecturer. The testing of the practical build was also done as a
group; however, a large variety of results were taken to increase diversity of our reports.
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