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1. System Hardware

1.1.  Microcontroller PIC
The first stage of this assignment was to select the correct microcontroller chip for this process.
After considering multiple options the chip that was selected was the PIC16F877. This chips primary
design is suited to parallel communication and was perfectly suited for this task. It is a 40 pin chip
with multiple 1/Q’s that can be mapped to suit. The top view with all labelled ports can be seen in
the figure below. A table comparing features of this chip with others can also been seen in figure 2.

HCLR/ipe /THY —= {1 ® U 20 []+—» RE7/PED
R0 /AND +—» ]2 28 [J+—» REE/POC
RA1/AM +—e ]2 3 [Ja—s RES

RAZ/UNZ fYREF- +—e [ 4 3 [J+—= RB4

RAZ/AN APREF s +—a [ % []+— RE3/POM

RA4/TOCKT +—s (6 35 []«—» RE2
RAG/AN4/SS «—w[]7 2 [J+—s RBI
REO/RD/ANG +— 5 3 []+—s RBO/INT
REVWIAPG +—[]% g 2 []+— Yo
REZ/CS/ANT «—s 10 5 31 [Je— Ys¢

Yoo —=[n o o [J+—» RO7/PEFT

Va5 — iz T 2 []+—» ROG/PSPE

0SCI/CLKIN — iz 2 []<—= ROS/PSFS
1S02/CLKOUT +—ua 27 []+— RD4/FSP4
RCO/TI0S0/TICK] w—e 15 % [1+—= RC?/RKADT
RCI/TIOSI/CCP? — 16 25 [+ RUB/TH/TH

RC2/CCP1 w—s 17 2 []+— RCE/SD0

RC3/SCK/SCL ~—e 12 2 [+—» RC4/SDL/SDA
RDO/PSPD +— 19 2 [« RDS/PSFS
T p— Y 21 []+—s RD2/PSF2
TOP YIEW

Figure 1 - PIC16F877 Microcontroller

Key Features PICIGFS73 PIC16FS74 PIC16FS876 PICL6ESTT
MAX Operating Frequency 20MHz 20MHz 20MHz 20MHz
H““ﬁ f_‘;}‘;f"':::‘i‘l‘)m"-" 4K 4K K 8K
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory (bytes) 128 128 256 256
RAQ-5 (6) RAD-5(6) RAQ-5 (6) RAQ-3 (6)
REO-7 (8) REO0.7(8) RBO-7 (8) RBO-7 (8)
1O Ports RCO-7 (8) RCO.7(8) RCO-7 (8) RCO-7 (8)
RDO-7(8) RDO-T(3)
RE0-2 (3) RE0-2 (3)
Timers 3 3 3 3
CcCp 2 2 2 2
Serial Communications MSSP, USART || MSSP, USART || MSSP, USART (| MSSP, USART
Parallel Communications - PSP - PSP
10-bit Analog-to-Digital Module 5 Channels 8 Channels 5 Channels 8 Channels
Instruction Set 351 i 351 351 i 35 Instructions
Pins (DIP) 28 Pins 40 Pins 28 Pins 40 Pins

Figure 2 - Microcontroller Comparison (Piclist)




1.2. Keypad Setup
The exam criteria specified that a keypad used to control the speed set point and give the option to
adjust the speed set point needed to be implemented. This keypad needed to be a 12-button pad
with numbers 0-9 as well as an “*” and “#”. The keypad design would use the typical 4x3 matrix
keypad setup where there would be 3 vertical output pins covering the vertical keypad columns, and
4 horizontal output pins where the 4 horizontal columns would be covered. This can be seen in
figure 3.
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Figure 3 - 4x3 Keypad Matrix (Rubasinghe)

1.3. Closed Loop PI Controller
In order to control the speed of the motor to an accurate degree a closed loop Pl controller would
also be incorporated into the design. For this a HEDS 5540 incremental encoder was used and
incorporated into the design. This would in turn give out a control burst of 500 pulses per revolution
of the motor to monitor its speed. This is an incredibly accurate ratio and would give an accurate
speed reading of the motor. An image from the manufacturer’s data sheet can be seen below.

HEDS-5500/5540, HEDM-5500/5540
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Figure 4 - HEDS-5540 {AVAGO Technologies)




1.4. E-Blocks PICmicro MCU Board
All of the features necessary for this system could be found on the E-blocks Micro PIC MCU Board,
the HP488. It included the correct Pic microcontroller, various buttons and switches that could be
adapted for the design, as well as an LCD screen to display a clear, real time interface of the motor’s
running variables. This board is ideal for the application of this assignment as it is flexible in how it
can be used and programmed, with a multitude of ports, the LED screen accompanied by a 7
segment display(s), on board sensors as well as many more key features.

Figure 5 - HP488 Board (E-Blocks)




1.5. DC Motor
The final piece of hardware needed for this assignment was the DC motor that needed to have its
speed monitored. In order for this to work and the devices to be compatible, a MOSFET transistor
needed to be used to the motor to the required PWM while also activating the MOSFETS gate. This is
due to the microcontroller and DC motor having different operating voltages. The MOSFET would
make sure that the two voltages remain isolated from each other protecting each device. A flywheel
diode would also be used to dissipate the back E.M.F from the motor. This can be seen in the figure

below. This is what’s known as a power MOSFET motor driver. .
The gate is controlled by the MCU

+Vee output PWM and the output of the
® MOSFET will work at the PS voltage

i.e. 24V. This is only part explained.
DC
Motor
Flywheel
Diode ZS @

Switching
Transistor
or MOSFET

Ov

(DNA Tech, n.d.)




2. System Design
In order for the code to be correctly designed certain documentation had to be assessed including
the correct registers and data sheets.

2.1. TimerO
The first document that needed to be reviewed was the Timer 0 architecture and its internal PIC
build. This document was taken from the manufacturer’s data sheets. It shows the build of
multiplexers and prescalers used to define the system. This timer would utilise the INTCON and
OPTION_REG registers.

CLKOUT (= Foscid) Data Bus
8
0 'l": 1 ’f
RA4ITOCK! | Eg AT M SYNC
| >_ X
pin ] u 2 » TMRO R
|_j¢‘*" 1 0| x Cycles "
TOSE T f 1
T0CS
PSA Set Flgg EISU'LO[F
on Uwed
PRESCALER
i Bt e Nt ol el N il et b |
0 | |
M —I- &-bit Prescaler |
u
Watchdog 1 x | a b I
Timer I I
T | 8 « to « 1MUX '-t— PS2.PSO |
T PR L e e a
WDT E 0 | !
nable bt

MUX |jst—— PSA

wDT
Time-out

Mote: TOCS, TOSE, PSA, PS2:PS0 are (OPTION_REG=5.0=)

Figure 6 - Timer 0 Architecture (Microchip, 2003)




2.2. Timer1l
Timer 1 would be used as the secondary timer function for the system. It would be used on the
PIC16877 as a 16 bit counter. The maximum value it can read to is 65535. This timer differs from
timer 0 in that it uses a 16 bit timer divided into two equalling two 8 bit timers. One of these 8-bit
counters would store the higher values while the other 8-bit counter would store the lower value.
This would supply a feedback into the PIC in port RCO. A diagram of the timer can once again be
found in the manufacturer’s data sheets. This timer would utilise the TLCON register also seen
below. It would utilise a bit setting of:

T1CON = 0b00000111

Set Flag bt
TMRA1IF on
ow

TMR1

i

TMRION -

n
t

erensnns Oniof TISYNC e

: ' [>\ [ — r

.; J(\—:—-TIOSCEN Foaci 1.2.4.8 e

'

15

n

13

RCOT10SOTICKI IZ’

Enable Internal—i 0 J
I : Oscillator? gy - 2

SR TICKES1.TICKPSO 1
TMRICS 0

RCITIOSICCR2Y

|
Q Clock

Note 1: When the TIOSCEN bit is cleared, the inverter is turned off. This eliminates power drzirb
i

Figure 7 - Timer 1 Architecture (Microchip, 2003) t
w
u-o u-0 RW-0 RAN-0 RAN-0 RAW-0 RAW-0 RAN-D
| — | — [|mickrsi|Tickrso| Tioscen |TiSVNC| TMRICS | TMR1ON
bit 7 ! bit 0
(o
bit 7-8 Unimplemented: Read as "0 h
bit 5-4 TICKPS1:TICKPS0: Timer! Input Clock Prescale Select bits a
11 = 1:8 Prescale value r
10 = 1:4 Prescale value
01 = 1:2 Prescale value e
o0 = 1:1 Prasecale value 8

bit 3 T10SCEN: Timer1 Oscillator Enable Control bit
1 = Osacillator is enabled b
0 = Oscillator is shut-off (the oscillator inverter is turned off to eliminate powel'dral n)
bit 2 TASYNC: Timer1 External Clock Input Synchronization Control bit t
When TMRICS = 1:

1 = Do not synchronize external cleck input s
0 = Synchronize extemnal clock input f
When TMRICS = O
This bit is ignored. Timer1 uses the internal clock when TMR1CS = 0. r
bit 1 TMRACS: Timer1 Clock Source Select bit lo)
1 = External clock from pin RCO/T10SOIT1CKI (on the rising edge) m
0 = Internal clock (FOSCH)
bit 0 TMR1ON: Timeri On bit t
1 = Enables Timer1 h
0 = Stops Timer1 e
: . ’ : f
Figure 8 — T1CON Register (Microchip, 2003) i
1
r
S
t
8
b

D N ~ —




2.3. Timer2
The third timer used in the system was Timer 2. This would interface with the PWM for monitoring
the DC motor speed. This counter had a max value of 256 and would therefore only utilise one 8-bit
counter. The architecture for timer 2 can be seen below along with the register used to set up this
timer. It would use the T2CON timer and be set to:

TMR2 = 0b00000101

Sets Flag
bit TMR2IF T.j'ﬂ%z._mn

RESET Srascaer 3
—+| TMR2Reg [, 14, 1160
Poawcaler
— |11 to 1:18] EQ Ep— '{/2
TZCKPS1:
2 TackeSs
T20UTRPS3:
T2OUTPSD

Hots 1:TMR2 reglster outpu? can be soffware selacted by the
SSP modul2 35 3 baud Clock.

Figure 9 = Timer 2 Architecture (Microchip, 2003)

u-0 RAN-D RAW-D RW-0 RIW-D RAN-D RAN-0 R/W-0
| — | TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPS0 | TMR2ON | T2CKPS1 | T2CKPS0
bit 7 bit 0
bit 7 Unimplemented: Read as 0"
bit 6-3 TOUTPS3:TOUTPS0: Timer2 Output Postscale Select bits

0000 = 1:1 Postscale
0001 = 1:2 Postscale
0010 = 1:3 Postscale

1111 = 1:16 Postscale

bit2 TMR20N: Timer2 On bit
1 =Timer2 is on
0 = Timer2 is off
bit 1-0 T2CKPS1:T2CKPS0: Timer2 Clock Prescale Select bits

00 = Prescaler is 1
01 = Prescaler is 4
1x = Prescaler is 16

Figure 10 - T2CON Register (Microchip, 2003)




2.4.  INTCON & OPTION registers
The program will need to utilise data from two registers in order to function properly. This is due to
all interrupts having two bit values, an input and an output, and each will be supplied by a
universally used register. One of the two registers utilised is the OPTION_REG register and its data.
Bit 5 is the piece of data that will be derived from this table and used in the assignment, as it is the
one using TMRO and transitions on the RA4 pin, the one that will be connected to a button used to
interrupt the cycle.

RW-1 RW-1 RW-1  RW-1 RAW-1 RW-1  RW-1 R
| RBPU [ INTEDG [ TOCS | TOSE Psa | Ps2 P31 =
o7 oo
bt 7 RBPU: PORTS Pull-up Enable bit
1= PORTH pull-ups arc disabicd
0= PORTE pul-ups are enabled by Individual port ksch walues
bit 6 INTEDS: intermupt Edge Sclect bit

1 = Interupt on nsing edge of RBMINT pin
0 = Intermupl on faling edge of RENINT pin
o5 TOCS: TMRO Clock Source Select bit
1 = Transition an RAL/THCK] pin
0 = Intemal INSiruction cycle cock (CLKOUT)
bat 4 TOSE. TMRO Source Edge Select bt
1 = Increment on high-to-low transitien on RAGTOCK] pin
a = Increment on low-tn high transition on RALTOCK] pin
bitd PSA: Presealer Assignment bit
1 - Prescaler 1S assigned 1o the WOT
o = Prescaler is assigned to the Timer0 module
Lit 2-0 PS2:P$0. Prescalel Raie Selecl bits
Bitvalue TMROD Rale WODT Rate

0o 122 11

ool 1:4 ]

510 [N 1°4

351 116 1:8

10O 1:32 1-16

Lo1 1:64 1:32

110 1:128 1:64

L 13256 1.128
Legend
R = Readable bit W = Wiilable bit U =Unimplemented bit, read as 0’
- n = Yalue al POR 1'= Bit rs set V=Bl scearcd  x= Bit is unknown

Figure 11 - OPTION_REG (The Bare Necessities, n.d.)
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The second register used is the INTCON register as this would need to be used in conjunction with
the first register. The INTCON register stands for interrupt control register, and is used to configure
software interrupts, either starting or stopping processes in a system. The global interrupt enable/bit
7 is the most important part if this register as no interrupts will become active without this bit in
effect. The 2 bits taken from this register will be bit 7 (the global interrupt enable) and bit 5 (timer 0
overflow enable). This will mean that when TIMERO counts up to 256, it will intron make TO1F turn

to logic 1. This will then mean that as TO1E is already logic 1 due to the TIMERO being active, this will
send a logic 1 signal through the system. This will cause the system to be interrupted.

RAV-0 RW-0 R0 RAW-0 RW-0 RAV-0 RAW.0 RAW.x R =Readable bir

m W= Writable bit
U = Unimplemenzed bit, read az 07
5 Bid Bid Bird -n= Value st POR reset
RWO  RW-I  RW-D  RW-0 RAN-D RW-D RW  RWx
[[GE [ Pee | Toe [ WNTE | RBIE [ TOF | INTF | RBIF
bit7 bit D

bt 7 GIE: Global Intermupt Enable bit
1 = Enabies all unmasked interrupls
0 = Disabies all intermupts
bit 6 PEIE: Penpheral Intermupt Enabie it
1 = Enabies all unmasked peripheral interrupls
o = Disables all peripheral interrupts
bit 5 TOIE. TMRO Owerflow Intesrupt Enable bit
1 = Enabies the TMRO interrupl
0 = Disables e TMRO interrupt
bit 4 INTE: RBOVINT External Intermupt Enable bit
1 = Enabies the RBOINT extenal Intermupt
0 = Disabbes the RBOANT external interrupt
bit 3 REIE: RB Port Change Interrupt Enable bit
1 = Enables the RE port change infermupt
o = Disables the RB port change interrupt
bit 2 TOIF TIMRD Overiow Interupt Flag bit
1 =TMRO register has overfiowed (must be cleared in software)
0 = TMRO register dic not overow
bit 1 INTF: REOVINT External Interrupt Flag bit
1 = The RBOVNT external interrupt occurred (must be deared in software)
0 = The RBOVINT external Intermupt did not occur
bito RBIF. RB Foit Change Intermupt Flag bil
1 = Al least one of the RB7-RB4 pins changed siate; a mismatch condibon will continue to set
the bit Reading PORTE will end the mismatch condition and allow the bit to be cleared
{mursi be cleared in software)
o = None of the RBT:RB4 pins have changead state

Legend
R = Readable bit W = \Wiritable bit U = Unimplemented bit, read as "0
- n = Value at POR '1"=Biis sat '0'=Bitsdeared x = Bitis unknown

Figure 12 - INTCON Register (The Bare Necessities, n.d.)
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3. Software Design & Explanation

The program was designed using two programs. The code was designed in MP Lab, and the circuit
for simulation was designed usins Proteous Project Suite.
ROTEUS

The code used the C programming language and was built using various functions and variables. An
explanation of the code follows.

3.1. Header Files, Function Prototypes & Global Declarations

The first piece of code displayed below depicts the two header files used in this program. One is
pic.h to recognise the C code, and the other file is a new header file, the LCD.h which is used to
utilise the LCD screen of the microcontroller. This is how the motor speed and variables will be
displayed on the LCD screen. The function prototypes are listed out next showing all their integer
values that will need to be called in the system. The ScanKeypad function would use void instead of
an integer value. All the global variables are then displayed, using two integer values and one float
value. The variables would be called throughout the entire program.

#include <pic.h>

$include "LCD_h" .
Reasonable explanation

wvoid DisplaySpeed(int line, int value); which describes the initial
woid DisplayValues(int line, int waluel, int walueZ int walue3): settings in the program.
int ScanKeypad (void);
void Delayiint t):

These are in the correct
place in the program.

int milliseconds=0, speed=0, fzult=0; f/global varizbles

int speed_low_byte=0, speed_high_byte=0, run=0;

float setpoint=0, error=0, output=0, prop_ part=0,

int_accur = 0, KEp = 0.5, Ki = 0.1; fifprac values: Kp = 0.01, Ki = 0.02;

Figure 13 - Header Files, Function Prototypes & Global Declarations
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3.2. Interrupt Service Routine
The ISR (interrupt service routine) is what would be used throughout the program to pulse count
and monitor the speed of the motor. There are three main variables in this piece of code; the TOIF,
TMR1IF and TMR2IF. These are used routinely in this function with if statements to activate certain
outcomes. The first if statement is used to detect the state of timer 0. If timer O (TOIF) is read as
being active, or set to 1, the timer is reset and the counter is preloaded to 64. Milliseconds then
begins to increment in steps of +10. Once 100 milliseconds is reached the sub if statement is
activated. This sets both speed low and high byte to 0.

The second if statement is a flag for timer 1 and activates in the case of a fault where the system
over counts. This simply sets fault to active.

The third if statement simply resets timer 2’s flag to 0.

void interrupt ISE (veid //there are 3 possible interrupt scurces
if (TOIF=—1 /A/timer 0 is timing, interrupt every 10ms
TOIE = 0;
TMRO = &4;
milliseconds+=10;
ift(milliseconds==100) && (fault=0 The program here is correct. The

spesd_low byce = TMRAL: explanation is logical.

speed_high_byte = TMRI1H;
TMRIL = 0;

TMR1H = 0;
milliseconds=0;

if (TMR1IF==1 /A/timer 1 is in event meode counting pulses
TMRI1IF = O; //clear the interrupt flag
fault = 1;

if (TMRZIF==1 f/timer 2 is for DWM

TMRZIE = 0;

Figure 14 - Interrupt service routine
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3.3. Main Program
The next section of code details the main program. This is where all other functions would be called
to and the main program process carried out. The first line in this piece of code detects an integer
value for the keypad to be set to 1, but with no specific raw input. The binary values for ADCON1,
TRISB, TRISC, TRISD and PORTB are all then set. These will be used for the LCD display, the RCO input
counting with TMR1, and the output of RC2 for the PWM. The peripheral interrupts are then setup
to their correct binary values followed by the two main registers of INTCON and OPTION_REG.
Finally values fOr TLCON, T2CON and CCP1CON are all set up. This part of the main program
primarily sets up all the registers before the main process.

void main (void)

int enzble_ keypad=1l, key;

TRISR = OxFE;

ADCON1 = 0Ox8E;

TRISE = 0x00;

TRISC = 0x01;

TRISD = 0b11110000;

PORTE = 0x00;

LCD_Startup(); There should be
code comments

PIE1 =  0b0O0000011; here to identify the

PIEZ = 07 function of each line.

PIRL = O The significance of

BInZ = Ui these registers
should be identified.

INTCON =  0b11100000;

OPTION REC =  0bl0000111;

T1COMN = 0b00000111;

TMR1L = Q;

TMRIH =  0;

PRZ =  255;

CCPRIL = 0;

T2CON =  Qb00000101;

CCP1CON = Qb0O0001100;

Figure 15 - Main Program
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The 256
value is not

3.4. Main Program Super Loop

the
The next set of code utilises a super loop to process its internal ¢

%drelgontinuouslv while the system

is running. The first line reads the pulses from RCO taking E%the low and high speed bytes from
the two 8-bit counters and multiplying them by the prescaler, Thisjworks out the current speed of
the motor. The two 8-bit values are taken from the interrupisgsuice routine. Following this are two
if statements used to determine outcomes based on the stafeof,RAL and RA2. This is to determine
the state of whether the start or stop buttons on the keypag Bavedeen pressed. If RAL is active and
RA2 not, then the motor will run. If otherwise then the mptasalfaot run.

while (1

speed = speed + 3.1;

if

RAl==1)&s (RAZ==0 un

if( (RAL=—=0)&& (RAZ=—1 zun = Of

key = ScankKeypad
if((kay 1) && (enable_keypad

=etpoint - setpeins ¢ 10
Iﬂlbl._llwld 0

float)key;

if{{key="#"')&& (enable_keypad==1))
if (key
setpoint = 0;
if (xay==-1 anable_keypad=1;
if (setpoinc>2000 setpoint = 2000;
if (setpeoint<0 satpoint = 0;
if lzun—1
error = setpoint float) speed;
prop_part = error * Kp;
int_accur += error * Ki;
output = prop_part + int_accum;
else
ezzoz 0;
int_sccur = 0;
cutpur = 0;
RC2
if (output <0) output = 0;
if (ouspur >1023) ocusput = 1023;
CCPRIL int)sutput:

DisplayValues (0,
Displayvalues (1,

int)secpoint, speed, (int)error).

resolution.
speed int float) ( (speed_low byte + spaed high byte*23&)*&)/3);

int)prop_pPart, (int)int_accur, int)output);

The Key variable is then assigned

to which ever key is pressed on the

keypad, hence the ScanKeypad

function being called. The

following if statements are used to
correlate the keys pressed on the

keypad to what is shown on the

LCD screen. It first checks to see if

a key has been pressed, and then

assesses each depression of a key

on the keypad one press at a time

to derive clear functionality

between the Keypad and LCD The latch
screen. 'enable-keypad'

The next section of code is part of
the Pl calculation. This only
activates when the run variable is
activated, meaning the motor is
running. This takes the recorded
speed away from the setpoint
value and gives a value that is
multiplied by kp. The error output
is then given as the proportional
value plus the accumulated value.

The next two if statements set the

max and minimum run speeds of 10 bit
the motor to be displayed at 0 — PWM.
2300 RPM. The final two function

calls are used to display on the LCD

screen.

Figure 16 - Super Loop

These function calls are significant. This is
where the data arguments are called to the
function prototypes which enable the data

to be displayed on LCD€ program code is
correct but some of

the code such as the
set point constraints
are not explained.
The code should
have comments to
indicate the purpose
of each line.
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3.5. Display Speed Function
The next function shown below is code that is no longer within the main program. This means this
code would be function called into the program. Two integer variables of value and line are declared
before the function begins. Then integer values for units, tens, hundreds, thousands and
temperature are all declared followed by an unassigned char string with 17 values.

Calculations are then performed to determine 4 digit numbers as their respective units. Following
this is an array string. This 8 bit array is used to represent each unit on the LCD Display. Each
component has 48 added onto it to convert it into the ASCII equivalent value. String 4 then shows a
space, followed by the letters RPM that would be displayed on the LCD screen after the speed value.

The final line of code function calls the DisplayString function which sends the datat from this display
function to line 1 of the LCD.

void DisplaySpeed int line, int walue

int units, tens, hunds, thous,

unzaigned char string[l17]1;

thous
hunds
tens

units

string!
string/|
string|
gtring(
string!
string|[
string|
stringl|
stringl

DisplayString(line,

=}

=1 i s G R

walue /1000;

value %1000/100;
value %1000%100/10;
value %1000%100%10;

= thous + 48;
= hunds + 48;
= tens + 42&;

= unitgs + 42;

Figure 17 - Display Speed Function

atring) ;

temp ;

QO X O O ITOQAS YL TODODIT TOO K XXOO0 T QOO oI

® > ™+ 3> T

This explains the function fairly well.

Code comments should
be used.
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3.6. Display Values Function
The next unction is the DisplayValues function and works on a very similar principle to the previous
function. This function displays the top line of the LCD detailing error, speed and setpoint of the
motor. This function otherwise works in the same principle to the display speed function.

void DisplayValues(int line, int valuel, int value2, int value3

int units, tens, hunds, thous, temp;
unsigned char string[17];

if (valuel>=Q string (0]
else

string (0]
valuel valuel® (=1};

thous = valuel /10007 Thls IS the
hunds = valuel %1000/100; flnal paﬂ Of
tens = wvaluel %1000%100/10;
units = valuel $1000%100%10 the dlsplay
stxing(l thous + 48; code for the
string(2 hunds + 48; program and
string(3 tens +
string[4] = units + 48; should have
if (valueZ>=0 string[5] = "+°; some code
1o comments
string (5] v to indicate
valueZ = valueZ*(-1); the function
thous = value of each
hunds = value2 ;
tens = valuez section.
units = valueZ %
stringl = thous + 48;
string( hunds 48
stzing(8 cans + 48;
stxing(3 units + 48;
if (value3d>=0 scring(10]
else
string [10] = F
walue? = walue3* (-1};
thous valued /1000;
hunds value3 $1000/100;
tens valued 31000%
units = value3d %1000%10
stringl thous +
stringl hunds +
stringl tena + 4
stringl units + 48;
stzing[l5] 0;
DisplaySctringi(line, string); //send string data toe LCD line 1

Figure 18 - Display Values Function




3.7. Scan Keypad Function
The ScanKeypad function is the next function shown below. This function simply determines which
key is being depressed on the keypad and assigns it the correct value. It begins by declaring a local
variable integer of key = -1. It then scans each vertical column of the keypad and assigns the correct
number as such. After each verticle column is checked it is then disabled before moving onto the
next column. At the end of the function it then returns the key variable.

int ScanKeypad (veid oo
; The reason for initial value of -1 value

int key=-1; should be explained i.e. because 0 is
used.

RDO = 1; //scan column 1

Delay(1l);

if(RD4 = 1 key = 1;

if(RDS = 1 key = 4;

if (RDé == 1 key = 7;

if(RD7 = 1 key = "+ ;

RDO = 0O; //disable column 1

BRD1L = 1; //fscan column 2

Delay(1l);

if(RD4 == 1 key

if(RDE == 1 key

if(RDEé == 1 key =

if(RD7 = 1 key =

RD1 = 0O; //disable column 2

BDZ = 1; //facan columm 32

Delay(1);

if(RD4 = 1 key =

if(RDS = 1 key = &;

if (RDE == 1 key = 3;

if(RD7 = 1 key = "37;

RDZ = 0; //disable column 3

return key;

Figure 19 - Scan Keypad Function
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3.8. Delay Function
The last function used in the program is the delay function. This uses a set amount of time cycles to
delay the program. The value of t typically used is 100 as this is a solid value for the function to count
to. Once the function reaches 100 it breaks out of the delay and the program cycle continues.

void Delay (int t

int i;
for (i=0;i<t;i++);

Figure 20 - Delay Function

It should be pointed out in the report that there were
prototype stages developed i.e. Keypad scan, encoder
feedback and PWM output driver which were all tested
individually before being assembled together for the final
outcome. This should be in the report.
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This should point
4. Testing & Analysis out the prototypes
Once the program had been built it had to be tha?8dghI§ S5 to make sure it was competent and

working effectively. taken to test each
part individually.

4.1. Simulation Testing of the PWM
The first test performed was the simulation testing. This was where the PWM had to be function
tested using Proteus. This was to see if the PWM would give the correct set point. The encoder is
shown as the yellow waveform, and the PWM as the blue waveform. The equations used to check
the outcomes of this testing were:

Frequency = f
Revolutions per Minute = RPM

’ This
Pulses per Revolution = PPR tost
PPR =100

1 was

= (Scope Division) x (Scope Ti done
P pe Time) after

e 60 asse

REMS % “YeeR mblin

Simulation 1 — 300 RPM g the

indivi

Digital Oscilloscope dual =)

protdt Channel C

0 —

Figure 21 - 300 RPM Sim

Measured speed of 301 rpm

f = 500hz

T 4%x05ms
_ 60 _
RPM =500 x /100 =300 RPM

These calculations prove the PWM output for this value.
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Simulation 2 — 150 RPM

Digital Oscilloscope

Chanmel C

Figure 22 - 150 RPM Sim

Measured speed of 148 rpm

f = 250hz

~ 8x05ms
. 60 —
RPM =250 x 60/, =150 RPM

These calculations prove the PWM output for this value.

Both of these two simulation tests show that the PWM was operating correctly and giving an output
accurate to what would be calculated in the real world.

Test Setpoint Calculated RPM Actual RPM
1 300 300 301
2 150 150 148

Figure 23 - PWM 5im Results Table
b SRS i The test of the PWM and encoder

feedback looks good.
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4.2.

Testing the Keypad

The keypad also needed to be function checked to make sure that it would work correctly. This was
done in simulation on Proteus. The circuit for the test can be seen below along with a testing table
as well as outcomes.

Figure 24 - Keypad Simulation

s

&

Test Action Expected Result Outcome Correct
Depressing keys of first | Key numbers should
1 row in order from left displayas“0123” Y
toright on LCD Screen
Depressing keys of Key numbers should
2 second row in order display as “04 5 6” Y
from left to right on LCD Screen
Depressing keys of third | Key numbers should
3 row in order from left display as “0 7 8 9” Y
to right on LCD Screen
Dgpressmg the 0'key Key numbers “10 1"
with a 1 before and .
4 should display on Y
after to show the 0 key
. LCD Screen
working
5 Depressing # ke Inputted values Y
P 8 v should clear

Figure 25 - Keypad Testing

These test prove the keypad
functionality.

The fully functioning CAD system is not here!
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4.3.

testing table with results showing how the system performed under function testing.

Interface Functionality Test
Now the full system needed to be functionality tested in order to prove that it was working
effectively all in one system. This was important to do before testing the practical aspects of the
motor system, as it was important to be sure that the system could be controlled. Below is another

Test Action Expected Result Qutcome Correct
All parameters and
variables for the
1 LCD should display all motor monitoring T——— y
parameters system should
display on the LCD
screen
The value entered
Enter a set point value Zolidsned up.th.e
2 using the keypad motor and sustain it As expected Y
at the entered
speed value
: Delete the set point
3 Depressing # key of themotor As expected Y
System should
Increase a load onthe | compensate for the
4 motor post set point new load and As expected Y
entry sustain the set point
speed

Figure 26 - System Function Testing

Below is a photo of the LCd screen displaying all parameters as it should in the practical experiment
as evidence to back up the table in figure 26.

The development board test looks
good.

Figure 27 - LCD Screen Practical
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4.4. Practical Testing
Now that the program had been fully built, the PWM tested, the Keypad tested and simulated and
the full system function tested for safety, it was time to run the system and monitor the practical
results given from it. The board was setup with the motor and oscillator connected as can be seenin
the figure below. The same equations as used previously would be sued to confirm the measured
results.

Frequency = f

Revolutions per Minute = RPM
Pulses per Revolution = PPR
PPR =500

f

1
- (Scope Division) X (Scope Time)

RPM = f x 60/p 0

Figure 28 - Practical Build
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Practical Test 1—200 RPM
The first practical test is for 200 RPM. The waveform for the 200 RPM set point can be seen below. It

gives 1.2 divisions at 0.5ms per division. This means that:

]
T LT

RPM = 1666 x 90/co, =199.92 RPM

The calculated value of 199.92 RPM matches up with the simulated value of 200 RPM, negating
discrepancies.

Figure 29 - 200 RPM Set point

The duty cycle for the PWM also needed to be calculated at 200 RPM. This was done using the actual
PWM speed of 48:

Duty Cycle = 48 x 100/, .o = 4.7%

Figure 30 - PWM at 200 RPM
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Practical Test 2 — 2000 RPM
The second practical test is for 2000 RPM. The waveform for the 2000 RPM set point can be seen

below. It gives 1.2 divisions at 0.05ms per division. This means that:

S o PO

RPM = 16666 x 90/, =1999.2 RPM

The calculated value of 1999.2 RPM matches up with the simulated value of 2000 RPM, negating
discrepancies.

=

Figure 31 - 2000 RPM Setpoint

The duty cycle for the PWM also needed to be calculated at 2000 RPM. This was done using the
actual PWM speed of 391:

Duty Cycle = 391 x 100/1023 = 41.47%

Figure 32 - PWM at 2000 RPM

This is not complete.
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5. Conclusions
The overall aims of this assignment were to build a system that used a microcontroller to interface
and interact with a DC motor. An incremental encoder, analogue circuit, keypad, LCD screen and
various stop and start buttons also needed to be utilised.

This assignment required an appropriate design that met specification. This was met and the design
of the system was a well thought out and planned design that met all criteria. It made use of on chip
peripherals as well as implementing the provided PWM.

The C code was well written and worked effectively, also including comments that explained how
the program would work and process. A detailed description of the code can also be seen in this
assignment.

The PWM was tested to spec and met all specification tests as did the keypad. The whole system was
then function tested for safety and worked as per was expected. The practical results gave accurate
values that were checked and backed up by calculations.
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Scott Dedoncker Ass 2 FINAL SUB

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

36/100

Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5
Text Comment. Good description of how the hardware (keypad) has to be connected to
the MCU.

PAGE 6

PAGE 7
Text Comment. The gate is controlled by the MCU output PWM and the output of the
MOSFET will work at the PS voltage i.e. 24V. This is only part explained.

PAGE 8

PAGE 9
Text Comment. The counter is 10 bit which are 8 bits from the first 8 bit register and the
other 2 bits from the second 8 bit register.

PAGE 10

PAGE 11

PAGE 12

PAGE 13

Text Comment. PROTEUS

Text Comment. Reasonable explanation which describes the initial settings in the program.
These are in the correct place in the program.



PAGE 14

Text Comment. The program here is correct. The explanation is logical.

PAGE 15
Text Comment. There should be code comments here to identify the function of each line.
The significance of these registers should be identified.
PAGE 16
Text Comment. The 256 value is not the prescaler. It is the number to shift the 2 Isb 's in
the register 8 places for 10 bit resolution.
Text Comment. The latch 'enable-keypad'
Text Comment. 10 bit PWM.
Text Comment. These function calls are significant. This is where the data arguments are
called to the function prototypes which enable the data to be displayed on LCD.
Text Comment. The program code is correct but some of the code such as the set point
constraints are not explained. The code should have comments to indicate the purpose of each
line.
PAGE 17
Text Comment. This explains the function fairly well.
Text Comment. Code comments should be used.
Text Comment. The code looks correct and checked in the demonstrations of prototypes.
PAGE 18
Text Comment. This is the final part of the display code for the program and should have
some code comments to indicate the function of each section.
PAGE 19
Text Comment. The reason for initial value of -1 value should be explained i.e. because 0
is used.
PAGE 20

Text Comment. It should be pointed out in the report that there were prototype stages

developed i.e. Keypad scan, encoder feedback and PWM output driver which were all tested
individually before being assembled together for the final outcome. This should be in the report.



PAGE 21

Text Comment.

part individually.

Text Comment.

main program.

This should point out the prototypes and the method taken to test each

This test was done after assembling the individual prototypes to form the

PAGE 22
Text Comment. The test of the PWM and encoder feedback looks good.
PAGE 23
Text Comment. These test prove the keypad functionality.
Text Comment. The fully functioning CAD system is not herel!
PAGE 24
Text Comment. The development board test looks good.
PAGE 25
PAGE 26
PAGE 27
Text Comment. This is not complete.
PAGE 28
PAGE 29

GRADING FORM: CSG-RUBIC

Text Comment.

Reasonable number of refs

SCOTT DEDONCKER 0

RESEARCH-INFORMED LITERATURE
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KNOWLEDGE AND UNDERSTANDING

(

y‘ The introduction does explain the hardware and 1 8/40
what the task is about. It lacks details and does not
point out the methods used i.e. using prototypes to
build and test the design in stages. 2.5/5 System
hardware is covered and briefly explained. 3/5 The
design and configuration is not explained very well
and does not clearly point out the prototypes that
were built and tested individually. The report
focusses on mainly the overall result. The
configuration method is only briefly explained.
8.5/20 Software design was demonstrated and was
fully functioning. The design process using
prototypes has not been pointed out very clearly.

4/10
ANALYSIS
(
y‘ The system was designed firstly using the CAD 6/20

software. This was designed in stages using
prototypes and each stage was tested. This
resulted in all stages being combined into a working
system. The report does not clearly point out this
process and only part of the system on CAD is
included in the report. The development board test
has been carried out, but some of the tests are
missing. 4/10 The conclusion does not make any
comparisons or evaluations. 2/10

PRACTICAL APPLICATION AND DEP.

(

»

In reality the system was designed and tested in 6/20
parts by developing prototypes for each section i.e.
keypad encoder, Feedback encoder and PWM



output driver. This is not pointed in the report. The
fully functioning CAD system is not included. The
CAD and development boars systems were fully
demonstrated in the lab, but only the development
board is explained in this report. 3/10 Quality of
work is below average. 3/10

SKILLS FOR PROFESSIONAL PRAC.

(

y‘ Overall report looks disorganised and done in a 6/1 0
hurry. 3/10 Team working was good in the
demonstrations 6/10
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