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Introduction

The purpose of this assignment is to investigate and carry out a practical project based on the PIC
16F877 microcontroller. It will involve investigating the microcontroller itself, the various methods
around how it is used, as well as a small investigation into its timing functions and how it
manipulates C programming language. From that research then, an alarm clock will need to be
designed using the PIC. The code will need to be written out in full on MPLab and tested in a Proteus
simulation.

The alarm clock system must have the following specifications:
* Display the correct time and date on a 24 hour clock cycle

¢ Have the option to change and set the time and date

¢ Include an alarm feature
* Have the option to change, set and activate the alarm time
¢ Display the full date on an LCD screen

Provide an LED from the system to signify the activation of the alarm

[ ]

This assignment will have the following aims:
e Produce a good level of research on the topic
« Relate the research to the practical
e Produce a state diagram of the system process
e Provide a good explanation of the program code

e Provide a thorough testing plan and results




1. Research

In order to build the program for this assignment the correct research needed to be carried out into

the specific component used. That component was a PIC 16F877 microcontroller.

Features

2 PWM 10-bit

258 Bytes EEPROM data memory

ICD

25mA sinkisource per IO
Self Programming
Parallel Slave Port

Parameter Value

Name

Program Memory Type Flash

Program Memary (KB) 14

CPU Speed (MIPS) 5

RAM Bytes 368

Data EEPROM (bytes) 256

Digital Communication 1-UART, 1-SPI,

Peripherals 1-12C1-MSSP
(SPI2C)

Capture/Compare/PWM | 2 Input Capture,

Peripherals 2 CCP,

Timers 2 x 8-bit, 1 % 16-
bat

ADC 8 ch, 10-bit

Comparatars 2

Temperature Range (C) =40 1o 125

Operaling Voltage Range 210 5.5
]

Pin Count 40

Figure 1 - PIC 16F877 microcontroller Features (Microchip, n.d.)

The above figure shows the specifications of the PIC taken directly from the manufacturer’'s website.
The left column details the PIC's specific features such as its ability to self-program, and the 25mA
sinking and source current of each 1/0, of which there are 4 named RA through to RD. The
microcontroller also has 3 timers at its disposal, 2 of which are 8bit, and 1 which is 16bit. It operates
at a volt range of 2v to 5.5v and has
14KB of flash memory. The 4 1/O ports
will be the most valuable parts of this
PIC for this assignment. These ports are
known as RA1 to RA4 and will be used as
inputs into the PIC controller for this

assignment.

(Microchip, n.d.)
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The manufacturer also states that in order for the timing functions to work, an interrupt service
routine needs to be active. An interrupt service routine (ISR) is a software routine that is used to
handle interrupts in a program. Microsoft explain that IDRs examine interrupts and assess them in
order to determine how best to handle them. These interrupts are usually invoked by hardware on
the system. ISRs must be extremely quick to deal with situations in front of them, otherwise this
could have an adverse effect on the system and slow it down.

A good example of an ISR can be the even that takes place when a key on a keyboard is pressed.
Each key of the keyboard determines a set action that needs to be completed by the CPU, outputting
through the word processor or whatever program is being used as the current output. When a key is
pressed the ISR will send a message to the CPU indicating which key has been depressed and will
continue to do so until the key has been let go of. For this time the CPU will then output the correct
value for whichever key is being pressed. Once the key has been let go, the ISR will interrupt the CPU
state and tell it now that the key is no longer pressed, causing the CPU to stop processing the
outputted value. This has been commonly referenced as a technological version of Newton’s law of
inertia, by which the program will continue to operate a function until it is interrupted. There are
various interrupts available to the user of the PIC, and for this assignment the TIMERO interrupt is
the one that was used.

(Microsoft, 2006) (TechTerms, 2016)

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.

RwW-1 RW-1 RW-1 RW-1 RAWV-1 RW-1 RW-1 RW-1
RBPU | INTEDG | TOCS TOSE PSA P52 I P31 Ps0
bit 7 bito
bit 7 REPU: PORTE Pull-up Enable bit

1 =PORTE pull-ups are disabled
o =PORTEB pull-ups are enabled by individual port lalch values
bite INTEDG. Interrupt Edge Select bil
1 = Intermupt on rising edge of RBO/INT pin
o= Interrupt on faliing edge of RBOINT pin
bit s TOCS: TMRO Clock Source Sefect bit
1 = Transition ¢n RANTOCKI pin
o = Intemnal instruction cycle clock (CLKOUT)
bit 4 TOSE: TMRO Source Edge Select bit
1 =Increment an high-to-low transition on RAA/TOCKI pin
@ = Increment on law-1o-high transition on RANTOCKI pin
bit 3 PSA_ Prescaler Assignment bit
1= Prescaler is assigned 1o the WDT
o = Prescaler is assigned 1o the Timer) module
bit 2-0 PS2:PS0. Prescaler Rate Select bils
Bil Value TMRO Rate WDT Rale

Legend
R = Readabie bit W= Writable bit U= Unimpiementead bit, read as ‘0"
- 11 = Value al POR 1" = Bilis sel 0 =6iiscleared  x = Bil 5 unkngwn

Figure 3 - OPTION_REG Register (The Bare Necessities, n.d.)




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.
RW-0 RW-0 RW-0 RU-0 RAWV-0 RAW-0 RW-0 RAW=x R =Readable bir

Ei 5 W=Tritzble bit

- : U = Unimplemented bit, read as ‘0"
BT BiS Bit5 Bid B3 B Bitl B#d g Velye z1 PO reser

RW-0 RAW-0 RAV-O RAW-0 RW-0 RW-0 RAN-0 RAWW-x

[ e [ Pee | ToE [ WTE | Rele | ToF | INTF | REIF |

bit7 bit 0
bit7 GIE: Global Interrupt Enable bit

1 = Enables all unmasked infemupts
0 = Disables all interrupts
bil6 PEIE: Peripheral Intermupl Enable bit
1 = Enables all unmasked peripheral intermupis
© = Disables all peripheral inferrupts
bits TOIE: TMRD Overflow Intermupt Enable Dt
1 = Enables the TMRO intermupt
o = Disables the TMRO interrupt
bit4 INTE: RBUVINT External Interrupl Enable bit
1 = Enables the RBOANT extemal interrupt
o = Disables the RBO/INT external interrupt
bit3 REIE: RB Port Change Interrupt Enabile bit
1 = Enables the RB porl change intermupt
© = Disables the RB port change intermupt
bit2 ToIF: TMRO Overflow Intermupt Flag bit
1 = TMRO register has overfiowed {must be cleared in software)
0 = TMRO register did not overflow
bit1 INTF: RBIVINT External Interrupt Flag bit
1 = The RBOVINT extemnal interupl occummed (must be cleared in software)
© = The RBIINT extemnal intemrupt did not occur
bito REIF: RB Port Change Interrupt Flaq bit
1 = At least one of the RB7 RB4 pins changed state; a mismalch condition will continue to set
the bit. Reading PORTE will end the mismatch condition and aliow the bit 1o be ceared

(must be deared in software).
0 = None of the RB7-RB4 pins have changed state

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as 0"
-n = Value al POR 1" = Bit is sel ‘0" =Bitis cleared  x = Bit s unknown

Figure 4 - INTCON Register (The Bare Necessities, n.d.)

So for this assignment the program will need a Oscillator clock, a 5SMHz clock, two registers and a
prescaler value. The prescaler value needs to be 256 or lower as the system peaks at 256. The
prescaler values are calculated using the following table.

EIT Valune TMRO Rate 49152 / TMRO Rate <256 Yeu'No
000 1:1 24576 No
001 1:4 12233 No
010 1:8 G144 No
011 1:16 3072 No
100 1:32 1536 No
101 1:64 T68 No
110 1:128 384 No
m 1:256 103 Ve

Figure 5 - Prescaler Values




The calculations for this can be seen below.
Instruction cycle time: 1966300 [ £ = 4915200HZ
1/4915200 = 0.2us
Tirmer increment tjme, = 0.2us * 256 presrale = 51.2us
Counts for 10 ms = 10ms / 51.2us = 195 (take 2 off for error)
195-2=193
Preload count: 256 - 193 =63

This means that 63 neads to be preloaded into TMRO to gat an interrupt delay of 10ms.

In the program the line:

3 mili+=20;
2 if(milli == 1000);

Every time the Interrupt occurs ‘milli’ is increased by 10. This happens 100 times before ‘seconds’
increments by 1.

100" 10ms = 1sec

Mew Calculations

Instruction cycle time = 10,000,000 / 4 = 2,500,000
1/2.5 mil=4x10-T s

Timer increment time = 4x10*-7 x 256 = 102.4us
Counts for 10ms = 10ms f 102.4us = 98

98 — 2 = 96 (take two off for error)

Preload count = 256 — 96 =160 The calculation
is correct for
10MHZ clock.




2. Design

2.1 Specification
Now that research had been completed on the PIC 16F877 Microcontroller, the next step to the
assignment was designing the program. Using the microcontroller and a HP488 development board
along with the two programs; MPlab and Proteus, a digital clock needed to be created with an alarm
function. This clock needed to display a 24 hour clock, the day, the date, month and year in order to
meet specification. The clock would also need to have the following functions shown in the state
table below. It shows what each process is that the clock must achieve, and what steps need to be
taken for that process to be achieved.

Procass State RA1 RAZ RAS RA4

Normal Clock o B 1 Toggle alarm | -

Display

et Hours 1 7 2 Increment+1 | Decrement -1
set Minutes 2 7 3 Increment +1 | Decrement -1
set Day 3 7 4 Increment +1 | Decrement -1
Sat Date 4 7 S Increment +1 | Decrement -1
Set Month 5 7 [ Increment +1 | Decrement -1
Setvear [ 7 [i} Increment+1 | Decrement -1
Save Settings 7 - = - =

Display B o El - -

Settings

set Alarm 9 7 10 Increment +1 Decrement -1
Hours

st alarm 10 7 B Increment+1 | Decrement -1
Minutes

As the specification can be hard to visualise, a state diagram was produced in order to show the
program moving from each state to the next.




I & —

Figure 6 - System State Diagram

Statz & 1

St
at
dia
gr




2.2 Program Design
Now that each state and process had been derived the program needed to be built. This was done
using MPLab and was written in the programming language of C. following now is the program code
split into sections explaining how each part affected the final program.

2.2.1 Main Program
The first piece of code in 7 shows the 2 header files that were used for this program. These two were
the pic.h file used for the C code, and the LCD.h file used to display on an LCD screen. This is how the
clock will display to the user. Then all the function prototypes were listed out, all using an integer
value of line except for the delay function, which would be using an integer value of t for time as this
function will be delaying time. All the global variables were then listed. These would be variables
that will be used throughout the entire program, and all come as integer values.

$include <pic.b> //Header £files
#include "LCD.h"

void DispleyTime (int line): //Function Prototypes,
void DisplaySetTime (int line);

void DisplayState (int line);

void DisplayDate (int line):

void DisplaySetDate (int line):

void DisplayAlarmTime (int line!;

void DisplaySetAlarmTime (int line):

void Delay(int t);

w
e
w
1]
(=%

day code=2, days=1, month=12, year=201%¢,

alarm mins=0, timeout=0, alarm=0,

int milli=0, secs=0,
state=0, alarm hours=
temp_hours=0, temp mins=0, temp_day code=0, temp_days=0, temp month=0,
temp year=0, temp al hours=0, temp al mins=0, temp state=0;

Figure 7 - Header files, Function Prototypes and Global Variables

10




The second section of code is for the interrupt service routine. This uses the TOIF and TMRO
functions from the registers previously researched. This function works in that if milli reaches 100,
the series of if statements will activate incrementing the seconds to their limit of 60 seconds, then
the minutes to their limit of 60 minutes, then the hours to 24 hours, then the days to 31, then the
months to 12, and finally the years indefinitely. This is the process of how the whole clock counts, by
interrupting each stage once it reaches its limit. The last if statement also resets the day code to 0
once it tries to go beyond 7.

void interzupt ISR (void This would be 100ms. the other divide by
L e 10 will be included in another calculation.
TOIF
THRO
milli

if (mdlli=100

secE t°
milld = 0;
if (smcs==E0

ming 447 //inez ir 1

wacs = O;

if (ming==8&0
houzs ++;
mins = 07

if (houzs==24

days ++;
day_code #+;

houzs = 0;

if (daye>31
month ++
days = 1

if (month>12

year +4:
menth = 1.

if (day_code==7) day_code=0; //If day_code equals 7 then day_code is sst to 0

Figure 8 - ISR Code

As it was not possible for the pic to run a clock of 1 second the code needed to be adjusted to
accommodate milliseconds. This can be seen in the first if statement of the above figure. The
following figures shows how that bit of code was derived. A block design was used on Proteus to test
that section of code using an oscilloscope. The scope showed that the yellow plot rose for 5 sets of
0.2 microseconds. This meant that 2 X 5 = 10 which equates to 1 second. This is how the 1 second
clock was installed and used on the PIC16F877.

11




This should be in the testing section

as it is the prototype test for the 1
second timer.

int milli=0, secs=0 ust ba
void imterrupt ISR (void
At (TOLF==1

RBQ = -RBO Icggle RE

void main(woid

vDD
n
138
OSCACLIIN
1'|:| = . 1= cscacikout
| MCLRARRTHY
CRYSTAL
" . RAGAND

RAIANT
RAZIANZIREF-
RAZANIVREF+
2| RAsTOCHL
{ RABIAN4EE

o1

LED-GREEN

REQANSHED
5 REIANSAR
REZIANTICS

PIC1EF8T7
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The next function in the program is the main program. This is where all the functions are called and
used. The device is configured in this section of the program using port configuration. This can be
seen with ports TRISA/B/C being setup to equal their correct values. TRISA is set to 0001 1110 while
the other 2 ports are set to 0000 0000. TMRO is loaded with the count limit of 255. Ports for the two
registers of OPTION_Reg and INTCON are also set here. The LCD_Startup function is also activated
here. This is a function taken from LCD.h and is not found within this programming code. It is used to
activate the LCD screen.

FELLEFEFTETEIT I L E TP LT E A E R P T F AP i iy fMai
void main(woid

TRISA = OxlE;
TRISE 0x00;
TRISC = 0x00;
ADCONL = 0x07;
OPTION _REG = 0x87;
INTCON Oxa0;
TMRO=255;

Needs more detalil.

LCD Starctup
Figure 9 - Main Program Code 1

The first step in the main program is to activate a super loop. This was done using a while loop. This
only activated once and while the LCD screen is switched on. The first if statement here determines
whether a month has 30 or 31 days. This is so certain months will not reset back to date = 1 too early
or too late. The second if statement is for a leap year, and will activate if it is the second month, 28
days, and the fourth year, it will then enter a 29" day for that month indicating a leap year. The third
if statement is used for December. This activated if the month equals 12 (December) and the day
equals 31. The super loop will then reset the clock to month 1 (January and day to equal 1. It will
also increment the year value by 1. The fourth if statement resets the days from 7 to 0 when it trys
to go beyond 7.

“hile(l /vbile stacts the super-loop The config settings are set here. This
should be pointed out.

if [ imonghe=1

month=-3 month==5 manth==T month==5 month==10) ) && [days>31
squals 1 or 3 or § or 7 or B or 10 1 .

manThs //Treremonts month in sreps of 1
days = 1; jrsets days to 1

48[ imonthe==l) i daya>23) i yanzy 4 I=0 //1% menth equals I and days is > 23 and yesr dces not divide by 4, then this is not & leap year

saathtt.
days

in steps o 1

1€ [ (month==12) ;& (dayss31

YRz ;
month = 1
days = 1;

if (day_codes=7) day_code = ©; s/ Suts

o 0 if day rcode is equal to 7

Figure 10 - Main Program Code 2

13




The next piece of code in this program was to check to see if the alarm has activated or not. The first
if statement will activate if the alarm equals 1. This if statement will only work if the user has set the
alarm to active on the clock. This if statement will then check the time until the current time on the
clock matches up with the set alarm time in the clock settings. Once this happens it will then send an
output signal to RA), this being the output pin that leads to the alarm LED. The second if statement

will be active while alarm equals 0, and will therefore stop any output from RAO. Good explanation of this

logic function.
From here the switch function is activated. This is used to switch between states. From here each

case will represent a state from the state diagram shown previously in the research. Case 0 shows
that it will merely display the data on the clock LCD, showing the time if it equals logic 0, and date if
it equals logic 1. The program then goes on to set each variable to its correct value.

if (alazz—1 /If alarm equals 1, this if statement activates

hours) &5 (mins==alarm_mins

RAQ ! outpuz RAD zo 1
if (alarm==0 /If alarm equals 0 this if statement activates
RAD /8ut output BAD wo 0
awitch (state
case 0

DisplayTinae (0);
DisplayDate(l);

tamp_hours hours;
temp_mins = mins;
temp_day_code = day_code;
temp_days = days:
tamp_month - month;
temp_yea: = ymaz;

Figure 11 - Main program Code 3
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The next step in the program code is the continuation of state switching. From here the program
looks for either RA1 or RA2 to be activated. If RAl is pressed, state 8 is the chosen path, if RA2 then
state 1. If neither is pressed then the program will continue to display the incrementing time on the
LCD display. The third if statement is for when RA3 is pressed in while the clock is in normal display
mode. This if function and its sub if functions will (if off) now set the alarm to active, or (if on)
deactivate. From here there is a break in the program which breaks out from case 0. The next case is
case 1. This case first runs the display set time function to show the correct time on the clock. It then
has its if statement options for RA1 to be pressed and go to case 7, RA2 to go to case 2, or RA3 to be
pressed and increment the hours in steps of +1. If the hours then reach 23, the sub if statement will
activate, setting the hours back to 0 to signal midnight and the start of a new day cycle. There fourth
if statement is if RA4 is pressed. This will activate a while loop for the time of RA4 being pressed, and
will call the delay function, giving it an integer variable of 100. The hours will then decrement in
steps of -1, once again resetting but this time from 0 to 23 rather than the opposite way. There is
then a break in the case.

if(RA1) state = B: qual £o 1 =

if(RAZ) state = 1; 2 i3 equal to 1 3
if (RA3==1 //1f BA3 is equal to 1 this if statement activates
if lalazzx==0 //IE alazm equals 0
alare 1; //Sets alarm to equal 1
else if alarm is not egual to
alarm = 0;
break;
case 1
DisplaySetTime (0 prototype

if (RAl) state
if (RAZ) state

iE(RA3

tamp_hourst+; rs steps of 1

if (temp_hours>Z3) temp_hours=0; reatez than 23 set to zero
LT (RAS C
while (RR4);

Dalay(100);

temp_hours——; d

if (temp_hours<0) temp hours=23; //I to zero
break : This breaks out from each case

Figure 12 - Main Program Code 4
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Case 2 is now shown. This once again displays the set time. Options for the if statements are RA1 =
case 7, RA2 = case 3, and RA£ is used to increment the minutes in steps of +1, resetting to 0 after 59
signalling the passing of 60 minutes. RA4 then calls for the delay function again, giving it the 100
integer and the minutes are then decremented by steps of -1, resetting at 0 to 59. There is then a
break in the code.

case Z2:

DisplaySetTime (0) . etTime function prototype
equal 7

if (RAl) state o
to equal 3

if (RAZ) state 3;
if (RA3

temp_minsi+;
if (vemp_mins»53) temp_mins=0;

AT (RA4 If RA4 is = 1
while (RR4) ;
Delay (100} ;
terp_ming--; f/deccrement temp_mins by 1
if (cemp_mins<0) Temp_minsg=53; If temp_minsg is greater than 59 set to zero

break;
Figure 13 - Main Program Code 5

Case 3 once again displays the set date. It has options for RA1 = case 7, RA2 = case 4, RA3 to
increment the days, resetting at day 7 to 0, and RA4 calling the delay function, decrementing the
days and resetting at 0 to 7. There is then the case break.

case 3 {/Case 3, if state equals 32
DisplaySetDate(l); f/Function header, runs DisplaySetDate function pro
if(RAl) scate 7 f/If RAl is aqual to 1 set scace to egqual 7

if (RAZ) state = 4; 1 set state to equal 4

if (RR3

temp_day_codet+;

if ivemp_day_code-&) temp_day_code=0;//If than € set to zero

iE(RA (/If BAd = 1

while (RA4) ;
Delay (100} ;
temp_day_code--; //deccrement temp_day code by 1
if (temp_day_code<0) temp_day code=&: //If temp_day code is less than 0 set to &
break;

Figure 14 - Main Program Code 6
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Case 4 follows and also displays the clock date on the LCD display. The options for the if statements
are RA1 = case 7, RA2 = case 5, RA3 for day incrementing and RA4 for day decrementing. The
program then uses a series of if statements depending on whether RA3 or RA4 have been pressed,
to determine whether the day minimum/maximum cap for that month has been reached. There is
then a case break.

case 4- //Case 4, run if state equals 4
DisplaySetDate(l); f/Function header, runs DisplaySetDate function prototype
if(RAL) avate = 7; FFLE RAl iz equal toc 1 set state o equal 7
if(RAZ) state 5; //LE RAZ is equal tc 1 set state to equal 5
i (RAZ //If RA3 is equal te 1 step in
tanp_days++; //Increment temp days by 1
if temp month==1 temp moncth==5) temp month==7) Temp month==3

temp_month==10!

/+1f temp_month equals 1 or & oz &

emp days greater than 31 step in*/

o

temp_days 1;
if | (temp_month==2 temp_days 23) 6@
s 2 and tes
year step i

//Sat days €5 1

2)&s (vemp_days>29) i (Temp_year: 4 0
1th equals 2 and vemp days greater than 29 and
year step in (leap year)*/
temp_days = 1; //Set days to 1
if(((temp_month==4 temp_month==¢ temp_monch==9) | | (cemp_month==11) cemp_days>30

f*I1f temp month equals 4 or 6 or % or 11 and temp days greater than 30 step in*/

tamp days - //Sat days £o 1
At IRAG ffIEf RAd = 1
while (RR4);
Dalay(100):
Temp_days--; //deccrement Temp_days by 1
temp_: 3 temp_month==5) | | (temp_month==7 temp_month==8
temp_month—12 temp_days<l))

equals 1 or 3 or B or 10 and temp_days greater than 31 step in*/

temp days = 31; f/S5et days to 31

if((vemp month=—2)&& (Temp

temp eqL

days<l) && (vemp year® 4

and

an emp days

s 2
e

temp_month=—11] ) 55 (temp_days<l)

11 and temp_days greater than 30 step in*/

break;

Figure 15 - Main Program Code 7
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Case 5 starts off by displaying the set date again, having RA1 = case 7, RA2 = case 6, RA3 to
increment the months in steps of +1 and have them reset at 12 back to 1, and RA4 used to
decrement the months in steps of -1, resetting at 0 to 12. There is then a break at the end.

case 5: //Case 5, run if state equals 5

DisplaySetDace(l); //Function header, runs DisplaySetDate function prototype

if (RAL) stace

£ RAL is equal to 1 set state to equal 7
if (RAZ) stace 6; £ BAZ i3 eqgual to 1 set state to equal €
if (RAS £ PR3 is equal to 1 step in

tarp_month++ /Increment temp_month by 1
it icemp_month>12) temp month=1; //If temp_month is greater than 12 set to 1
if [RR4 AFIE RRd = 1
while (RR4);
Dalay(100);
tump_menth

temp_day_code by 1
if (temp_month<l) temp_month=12; //

h is less than 0 set to 12

break;

Figure 16 - Main Program Code 8

Case 6 starts off by displaying the set date again, having RAl = case 7, RA2 = case 0, RA3 to

increment the year in steps of +1, and RA4 used to decrement the years in steps of -1. There is then
a break at the end.

case &:
DisplaySetDate(l);

//Case &, rum if state @

//Function header, runs DisplaySetDate function prototype
if (RRLl) state = 7;

//1f BAL is equal to 1 set state to equal 7
if (RAZ) state = 0;

//1f RAZ is equal to 1 set state to equal 0

if (RA3 ffIf RA3 is equal to 1 step in
Temp_yeartt; //Increment temp year by 1
if (RR4 If pRd = 1
while (RR4);
Delay(100);
Tamp_Yeaz- - //deccrement temp_yeaz by 1
break;

Figure 17 - Main Program Code 9
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Case 7 shows that the time will be displayed if a logic 0 is detected, and the date will be displayed if
alogic 1 is detected. The variables are then set to equal the temporary alarm times. There is also a
function call for the delay function and then state 0 is called, returning to the first state.

case 7
DisplayTime (0) ;
DisplayDate (1) ;

hours = temp_hours;

mins = temp_mins;

day_code temp_day_code
temp_days;

temp_month;

Temp_year;

,_hours cemp_al_hours;

_ming temp_al_mins;

Delay(100);
state = 0;
break:

Figure 18 - Main program Code 10

Case 8 runs the display for the alarm date and alarm time. These are called in function headers. The
temporary variables for alarm hours and mins are then set to the actual alarm hours and mins
variables. RA1 takes the program to case 0 while RA2 takes the program to state 9.

case &:

DisplayDate (1),

DisplayAlar=Time (0);

temp_al_hours = alarm_hours:

terp_al mins = alarm mins;
if(RA1) state = O;
if(RAZ) state - H
break;

Figure 19 - Main Program Code 11

Case 9 is used to increment the set alarm hours. RA1 takes the program to case 7, while RA2 takes
the program to case 10. RA3 then increments the hours in steps if +1.

casa 9: fiCase 9, run if state eguals 9
DisplaySetAlarmTime (0);
if(RAl) stave Ti fIE
if(RAEZ) state = 10; /IE E

if (RA3 /IE

temp_al hours+s:
if (temp_al_hours>i3) temp_al_houzs=0:

break

Figure 20 Main Program Code 12
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Case 10 increments the alarm minutes. RA1 goes to case 7, RA2 to case 8 and RA3 increments the
minutes in steps of +1.

case 10: equals 10
DisplaySecRAlar=Time (0 DisplaySethlarmTime functicon prototype
if(RAl) stata 7; /If RAl is equal te 1 saet state to aqual 7
if (RAZ! svate = E; //IE£ RAZ iz equal te 1 set state o egual 8
if (RA3 J/I£ RAZ is equal te 1
temp_al_ming++: //IncCrement tRED_
if (cemp_al_mins>53) temp_al_mins=0; JIf temp_al_mins
Dreak

Figure 21 - Main Program Code 13

The final statement in this super loop is a while statement. This statement stops the program if any
buttons are pressed after the case statement.

break;

while(RAL || RAZ || RA3) | RMd

Figure 22 - Main Program Code 14

The
state
functio
ns are
explain
ed
reason
ably
well.
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2.2.2  Functions

Function definitions make up the bulk of a program. To make a program more fluid they are derived
into function calls that are prototyped at the top of a program and called from outside the main
program. The first function created in this program was the display time function. This function uses
a 16 value string array with 16 declared variables of 0 due to the LCD screen being 16 columns long.
The array is set to char as this is what is used in C programming to store characters. Each 0
represents a character of the ASCII table. All 16 0’s as it stands represent nothing. Each character of
the string will then be declared a purpose value, and that value is depending on whether the alarmis
activated or not. Each line of the time strings represent one vertical column on the LCD Display. So
time strings 0 and 1 represent the two digits that will be declared for the hours, and stings 3 and 4
will represent the two digits that will be declared for the minutes. Each char value is divided by 10
and then added to 48 to give it the ASCIl value equivalent that can be displayed by the LCD display.
The ASCII table can be found in the appendices. Each pair of apostrophes represent 1 space. Time
string 2 is used to display the clock ‘ : ’. the only difference between the 2 if statements here is that if
the alarm is active, time string 14 will display a char value of | “ on the LCD display.

char time_string([l€]
if (alazx==1

time_stringl
time string(
time string(
time stringl
time_stringl[
time_stringl

WM RO

<] m

time_ string[
time stringl
time string|
time_stringl|
time stringl
time_stringl
time stringl
time_string(l
time stringl
time string(

oW oW

if{alarp==0

time_stringl|
time_ stringl
time_stringl
time string(

P S e

time_ stzring(4]
time stringl
time_stringl&]
time_string(
time string(B8]
time_string(3] =
time_ string[10]
time string[11]
time string(lZ]
time string[13]
14]

|

o
I

time_string!
time_stringl(

DisplayString(line,

Figure 23 - Display Time Function

15] =

void DisplayTime (int line

= { :I' 0, :If 3' :I' D' l:lf D’ ';', D’ 0
char) hours / 10 + 48
char) houra % 10 + 48;
char) mins / 10 + 4¢
mina % 10 48

char )

char) 33;

= 0:
char) hours / 10 +
char) hours % 10 + 48;
char) mins 1 + 48;
mins % 10 + 48;

char

0:

The
functio
n here
is the
LCD
functio
n with
the

rreate

time_string) ;

[=]
[=]

This explanation could be clearer.
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The second function used in this program is very similar to the first. Thhis function works in the exact
same way to the display time function, however this one merely uses values that are used for editing
the clocks time. This is shown by the use of temp hours and temp mins variables when converting to

ASCll for the LED display.

void DisplaySetTime (int line)

char tima_ string[l&] = {0, O
if (alarmx==1)

time stringl
time stringl
time_string(2
time string|
time_stringl
time stringl
time_stringl
time_string(”
time stringl
time_ string|
time_string(

time string(ll] = ' ';
time_string(lZ]
time string([13]
time_string[l4] = (char)
time string[l5]

if (alarz==0

time_string[0] = (char
time string[l] = (char
timae_stringlz] = ":';

time string[3] = (char)

time_string(4] = (char)
time string(S] = ' ';
time string(€] = * ';
time_string([7]
time_string[8] = ' ';
time_string([3] = ' ';
time_string[l0
time string(ll
time string(l:z
time_ string([l3]
time_stringll4] = ;
time string[l5]

DisplayString(line, time_str

Figure 24 - Display Set Time Function

temp_hours / 10 + 48;
temp _hours % 10 + 48;

temp mina / 10 + 48;
temp mins % 10 + 48;

temp_hours / :

o

1 4
terp hours % 10 + 4

temp mina / 10 + 48;
temp mins % 10 + 48;

ing) ; s
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The display date function is the largest function as it has to convert all the variables for the date into
ASCll values to be displayed by the LCD screen. The first part of the code shows char arrays being
decalred for the days, months and date strings. This works in the same way as previously explained.
Each if statement for the day codes then display 3 characters for each day of the week depending on
what the day code is. So for example a day code = 0 = Mon, day code = 4 = Fri. The number given to
each char value represents the ASCII equivalent of the letter.

FEFEFFIET S FECLAETE LA FF i S S 47 FffDinplay Date Funcrien/////f

char day_cocde_stzing(5] = (2, 0, 0,

char month_stringls

char date string[l& a, a, o, o,
if [day_code

day ende string(0] char

day_code_string(l char

day_code_string( char

day_code_string[3]

day_code_string|

i

f (day_code=-1
day_code_string(0] = (char 7:
day_code_stvzringl char) 73;
day_code_stzingl char) 78;

day_code_string
day eode_string

1f (day_code=:

day code_stzingl0]

@

day_code_stringll]

day_eode_string(
day_coda_string!
day_code_stringi4]

if [day_code==3

day eode_string(o]

day_code_string(
day_code_string(
day_code_stringl

day_code_stvzringl4]

1f [day_code==4

day_code_string (0]
stringl
day_cede_string[
day_code_stzing!
day code_string!

day_code.

if [day_code==5

day_code_stzing [0]

day_code_stzing|
day_code_stringlz

day eode_string(3]

day_code_string[4]

if [day_code==¢

char
char
char

char

char

Y

day_code_stzing(0] = (char) 83;
day_code_stzing[1] char) €5;
da ;.‘_:ndn_n:r:ng char B4:

day code string(
day_code_string(+4]

w N

-
I

Figure 25 - Display Date Function Days
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Below is the code for the month strings in the display date function. This works in the exact same
way as the day code strings, just merely using the variables for the months instead.

ifimonth==1 if (month==7)
month_string[0] = month_string (0] = (char) 74;
mcm:h_sr.r.i.ng[l'. = month_string[l] = (char) 85;
mn':h_::ring[Z' = month_string(Z] = (char) 7&;
menth_string[3] = menth_string(3) = © °;
month stringl[4] = month _stringl4] = 0

if menth==2 if (month==8)
month_string[0] = (char) 70; menth_string(0] = (char) &5/
mcn‘r.h_sr.ring[".'. = (char) E9; month_string(l] = (char| 25/
month_stringl(2] = (char) &6; mnr.h_sl:r:l.ng o cljnar L (HES
month_string[3] = ; month_string[d] = g
man'\:h_sr.r.i.ng 41 = 0; month _string(4] = 0;

/ ==3

1f (month==3 FEmonth
month_string[0] = (char) 77; monch. sbring [0 = (chax) Bd,
month_stringl[l] shas 083 sonch StrimglaL T lchan) oo

= : : th_string(z] = (char) B80;
month_stringl2] = (char) BZ; T z:ang[ H _: it

= 4 e : month_string([3] = o
month_stringl(3] = H W - -

b = Z month_string([4] = 0;
month_string([4] = 0; =

: if (month=

if {month==4¢)

g i . month string(0] = (char) 78;
month_string[0] = (char) 85; i e

i 5 i s month string(l] = (char) &7;
manth_sr.r..l.ng[:,. = (ahar] °'A' month_string(2] = (char) 24;
mnth_itxf.ﬂg{/_i = .Chirl B2; month_string(d = ' ';
month_string(3] = 7 month_string(4] = 0;
month_stringl[4] = 0;

- if (month==11)

if (month==5)

5 g month_string(0] = (chaxr) 78;
mnth—’“r’:ng[‘: = month gtring(l] = (char) 75;
month_sr.r..l.ng[ll B month string[2] = (chax) 8€;
month_string[2] = month_string(3] = ' °;
month stringl3] = ; menth_string(4] = 0;
month_string[4] = 0;

! if (month==12)

if (month=—§)

( month_string[0] = (char) €8;
month_stringl(dl = month_string(l] = (char) &%5;
month_string[l] = month stringl2] = (char) €7;
menth_stringlzl = month_stringl3] = © °;
month stringl3] = * '; month_stringl4] = 0;

month_string[4]

Il
o

Figure 26 - Display Date Function Months
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The last section of this function is used to set the bits for the date string array to be displayed. This
compiles all the converted ASCII codes together and arranges them into the correct bit columns of
the array to be displayed on the LCD screen. The first 4 bits of the array are used for the day code,
then bits 4 and 5 are used for the actual days, converting them there into their ASCIl equivalent. Bit
6 uses a spacer before hits 7 to 10 are used to display the month string. Bits 11 to 14 are then used
to display the year, converting each value into its ASCII equivalent. The function then ends with a
function call for the Display String function, setting line, and date string as its variables.

date_string[ﬂ]
date stringll]
date_string[Z]
date_stringl[3]
date stringl4]
date_string[S]
date_stringl(&]
date_string[7]
date_stringl[&]
date_string[3]
date_string[l0]
date_string[ll]
date stringl[lZ]
date_string[l3]
date_string[l4:
date_ stringl[ls]

Figure 27 - Display Date function Date string

DisplayString(line, date_string):;

[}

day_ccde_stringj !

day code stringl
day_code_stringl|
day_code_stringl
days / 10 + 48;
days % 10 + 48;

More is needed here.

Wom

month_stringl
month_stringl

0]
1]
month_string(2]

month_string[2];
year J/ 1000 +
year % 1000 ,
year 100 / 10
% 10 +

43,
100 + 48;

I

vear
0;
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A carbon copy of the previous function, display set date is exactly the same as the display date
function, however it is used when editing the parameters of the clock specifically. This uses
temporary values for the date, month and years.

FIPEESILLIFELSPEELILL I PEELLLETFARSPEFILIL #7777/ Display Set Date E
void DisplaySetDate (int line

char day_code_stzingl
char month_string(s
char date_string(l€]

5

if (temp_day_code==0

day_code_string [0
day_code_string|
day_code_stringl
day code stringl
day_code_string[

if (temp_day_code=

day_code_string [0
day_code_string
day_code_stringl
day_code_stringl
day code string (4]

if (temp_day_code

day_code_string [0
day_code_string
day_code_stringl
day_code_string[3]
day_code_string([4]

if (cemp_day code==3)

day_code_string|
day_code_string (1]
day_code_string (2] char) &8
day_code_string (3] LI
day_code_string (4] 0;

if (cemp_day code==4)

day_code_string |
day_code_string(

1] 2
day_code_string (2] char) 85
day_code_string (3] :
day_code_string (4] a;

if (vemp_day code==35

day_code_stzring (0
day_code_string (1]
day_code_string (2]
day_code_string (3]
day_code_string(4] a;

if (temp day_code==&

day_code_string(d]
day_code_stzingl

1

2
day_code_string(3]
day_code_stringl(4] 0

Figure 28 - Set Date Function Days
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if (temp_month==1)

month_string(0] =
month_strin
month_string(2] =
month_string(3] =

month_string(4] =

if (temp_month==2)

month_string (0] chax
month_string(l] char
month_string(z] char
month_string (3] RS
month_string(4] a;

if (cemp month==3)
month_string| char
month_string| char
month_string(Z] char
month_string(32] e
month_string(4] a;

if (cemp month==4)
month_string| char
month_string chay
month_strim chay
month_string| e
month_string| a;

if (cemp month==5)
month_string| char
month_string( chay
month_string(2] chay
month_string[3] g
month_string(4] a;

if (cemp month==§)
month_stringl chay
month_strin char
month_string char
month_string sl
month_string(4] a;

Figure 29 - Set Date Function Months
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if (vemp_mont

month_string
month_string
month_string
month_string
month_string

[01
[11
[21
[31
[41

if (vemp_month

month_string(0]
month_string(l]
month_string(Z]
month_string(3]
month_string(4]

if (vemp_month==

month_string(0]
month_string(l]
month_string(Z]
month_string(3]
month_string(4]

if ivemp_month==10)

month_string(0]
month_string(l]
month_string(Z]
month_string(3]
month_string(4]

ifitemp_month==11)

month_string(0]
month_string(l]
month_string(2]
month_string(3]
month_string(4]

ifitemp_month==12)

month_string(0]
month_string(l]
month_string(2]
month_string(3]
month_string(4]

)
oo

- o
o

(=]

@ @ m
w oW

o

79;

84;

g8,

€3,

27




date_string[0]
date_stringl[l]
date stringl[Z]
date_stringl[3]
date_stringl4]
date_stringlS]
date_stringlf]
date_stringl7]
date_satring([8]
date_string[5]
date_stringll0]
date_stringlll]
date_string[lZ]
date_string[l3]
date_string[l4]
date_stringlls]

Figure 30 - Set Date Function Strings

day_code_string(0]
day code_string[1l]
= day code stringl
= day_code_ string[3]

temp days / 10 +
temp days % 10 +
month string(0];
month string(l];
month string[2];
month_string[3];
temp year / 1000
temp_year % 1000
temp year T 100
terp year % 10 +

o

DisplayString(line, date_string);

- ffPlac
48;
45,
+ 48;
100 + 48;
10 + 48;
48,

28




The display alarm time and display set alarm time were the next 2 functions used in the program.

These were carbon copies of the display date and set date functions explained previously and would
work in the same way. The only difference being that this would be used for when the alarm settings
were being displayed on the LCD and the when her alarm was being set.

FILESESS SIS TSRS FSFS LT /f/fDisplay Alarm Time Function//////
woid DisplayRlarmTims (int line
char alazm string(l&] = {0, ¢, 0, 0, 0, O, 0, 0, 0, O, O, 0, O, O, 0, O}

alarm _stringlo]
alarm stringl
alarm string(

alazm string
alarm stringl
alarm string
alarm stringl&]
alarm_string
alazm string
alarm string
alarm string
alarm stringl
alarm stringl
alarm string[l
alarm_string(l
alazm stzing(

DisplayString(line,

4
char) alarm hours % 10 + 4B;

char) alarm mins %

char) alarm hours 10 + 4

char) alarm minsg /

char) €5;

char) T&;
char) 65;
char) 82;
char) 77;
Q7

alarm string);

Figure 31 - Display Alarm Function

FIEFFAEET AT FPFAEr LT IIiiidFidifdfif{f/Display Set Rlarm Time Function//////

wvoid DisplaySetRlarmTime (int line

char alarm string[l€] (g, O, @, 0. D, O, €, 0, 0, 0, O, @, @, 0, 0, O}=
alarm =cring[0] = (char) temp_ al hours / 10 + 48;
alazm string char) temp al houzrs % 10 + 48;
alarm string[Z] = ":';

alarm string[3] = (char) temp_al mins / + 48;
alarm string(4] = (char) temp al mins % + 48;
alarm string[§]

alarm scring(é&] =

alarm string[7] =

alarm string[&8] =

alarm string[S] = :

alarm string[l = (char) €5

alarm string = (char) 7€;

alarm string[lZ] = (char) €5;

alarm string = (char) BZ;

alarm string = (char) 77

alarm stringl

r
=

DisplayString(line, alarm string);

Figure 32 - Display Set Alarm Function
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The display state function is important as it tells the LCD display what state the program is currently
in. This is a useful tool for fault-finding. It uses an array and ASCII conversion similar to the previous
arrays used in the program.

fELLAAPTFrdry

AL FAAFrrA//77/Display State Function/

wvoid DisplayState (int line

char state_string(8] = {0, 0, 0, 0, 0, 0, 0O, 0O};
state_string| '
state_string|
state_string|
state_string|
state_string|
state_string|
state_stringl
state_string[7] = 0;

o
|

1 M s L kD
I

DisplayString (line, state_string);

Figure 33 - Display State 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 34 - Delay Function
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3. Testing and Analysis of Results

Once the program had been built it needed to be thoroughly tested. Each possible state and the
process of getting from one state to the next needed to be tested. This was done by building a circuit
in Proteus using the PIC 16F877. The built circuit can be seen below.

The LCD screen is shown on the right, with the PIC 16F877 Microcontroller in the middle. An led is
taken out of port RAO as the output to show the alarm activating.

Switch RA1 would be used to open up the alarm settings and used to confirm the inputted alarm
time.

Switch RA2 is used to select hours, minutes, day, date, month, year for increment and decrement.

Switch RA3 is used to increment each value. When not in the alarm settings it is also used to activate
the alarm. This is done by displaying an ‘! mark on the clock.

RA4 switch is used to decrement each value.
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Figure 35 - MPLab Circuit
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3.1 Testing the Clock
The first tests were done to make sure the clock would increment and decrement correctly, as well
as display the correct values on the LCD display.

Process State | Expected Result Actual Result

Normal 0 Clock would display normal time

Clock

Display

Increment 1 Clock would increment hours

- _
Decrement 1 Clock would decrement hours

Hours

Increment 2 Clock would increment minutes

Minutes

Decrement 2 Clock would decrement minutes

Minutes

Increment 3 Clock would increment days

Days

Decrement | 3 Clock would decrement days

Days

Increment 4 Clock would increment date

Date

Decrement 4 Clock would decrement date

o _
Increment 5 Clock would increment month

Month

Decrement 5 Clock would decrement month

Month

Increment 6 Clock would increment year _
Year
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Decrement Clock would decrement year
Year

Save Clock would save settings
Settings

Display Clock would display settings
Settings
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3.2 Testing the alarm

The last tests were to make sure the alarm functioned correctly. The figure below shows the clock
running in its normal state. The RA1 button will be pressed now to activate the alarm settings. The
alarm will then be set to 2:15 on Wednesday 2™ December 2016. When the alarm activates RAO will

switch red and the blue LED will light up.

. RS

gl

]

=,

e | FICIOFETT

Figure 36 - Alarm test 1

The following figure shows the circuit once RA1 has been pressed.
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Figure 37 - Alarm Test 2
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RA2 was pressed to select hours, and RA3 was used to increment the hours to 2.

« R6 LCD1
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Figure 38 - Alarm Test 3

RA2 was then pressed again to select minutes and RA3 was used to increment the minutes to 15.
The rest of the date had already been set.
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Figure 39 - Alarm Test 4




RA1 was then pressed to save the alarm settings. RA3 was pressed to activate the alarm so that it

would go off when set to. This can be seen from the “1” mark on the clock face.

s —"3
Il
el
. .
£ia| FEQUAKSED.
Toe| PENANSAAR
——] REZANICS
FICTBFBIT

Figure 40 - Alarm Test 5
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Once 2:15 was reached on the clock the alarm activated as expected. This is shown by the blue LED

lighting up.
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Figure 41 - Alarm test 6
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3.3 Testing on the HP488 Development Board
Now that the program had been fully simulated using Proteus and MPLab, it needed to be
downloaded to the HP488 development board and physically tested. The testing plan can be seen

below.
Process State Expected Outcome Result
Normal Display 0 Normal clock would -

display on LCD screen

Alarm Set

0 (with alarm set)

Exclamamtion mark
would appear to show
the alarm has been set
toon

Alarm Settings

Alarm settings would
be displayed

82 DEC 201

FRT

.

A
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Alarm Time Set

0 (with alarm
activating)

Alarm settings would
be saved
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4. Conclusions

The overall purpose of this assignment was to investigate and carry out a practical project based on
the PIC 16F877 microcontroller. Research was carried out on this microcontroller and was used to
derive calculations that would then be used in designing an alarm clock. The alarm clock had a set
list of specifications that needed to be met using. All of this centred on the design of the PIC 16F877
microcontroller.

The research delved into what a PIC 16F877 microcontroller is, how it works, its features, and
various methods of how it can be applied in practise. Research was also done on various registers
that are used when programming microcontrollers such as the PIC 16F877. These registers were the
INTCON and OPTION_REG registers.

The alarm clock system upon completion had all of the following features:

s Displays the correct time and date on a 24 hour clock cycle

e Has the option to change and set the time and date

* Includes an alarm feature

* Has the option to change, set and activate the alarm time

e Displays the full date on an LCD screen

e Provides an LED from the system to signify the activation of the alarm
There also included a well thought out and thorough testing plan that detailed every possible state

the clock could enter, and whether or not it did in practise. The function testing of the clock, both in
normal and alarm state was a success.
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5. Appendices

ASCII TABLE

Dacimal Hewadecimal Binary Octal Char Dacimal Hexadociwal Bimary 0ctal Char | Docimal Hexadocimal Binary Octal Char
0 o a8 30 110000 60 O ) &0 0

1 | a9 £l 1 o7 £l -
2 2 0 3z z a8 6z b
] el 51 33 E o &2 €
] 4 52 5a 4 100 4 o
5 5 53 35 5 101 65 «
6 L] 54 36 L] 102 66 f
7 T 55 a7 T 103 &7 a
L] L] 119 38 111600 70 ] 104 (31 h
£l £l 57 ] 1nwer 11 9 105 L] i
1o L] 58 ECY 11010 72 106 ) i
1 ] L] 7] 111011 73 107 L] k
12 [= 60 3C 111100 74 « 108 &C |
13 =} 61 e} 0% 60 m
14 E B2 3E » 110 &6E n
15 F 63 3F ' m 6F L]
16 10 64 40 @ 112 70 [
17 1 65 41 A 113 mn q
18 12 1] 42 8 114 T2 r
L] 13 67 43 c 115 73 s
20 68 44 ] 116 s t
21 6% 45 E 17 75 u
22 0 46 P 118 76 v
23 71 7 G 1% L4 w
4 72 4B W 120 L x
25 73 48 [ 121 ] v
36 7 Fr J 122 Ta S
27 75 48 K 133 [ i
28 76 AC L 124 7C |
29 " 4D M 125 nw }
30 T8 4E N 136 TE -
3 9 4F o 127 ¥ &L
32 -] 50 1000000 120 P

33 a1 £ 1010001 121 Q

34 B2 52 1010010 122 R

35 LE] 53 1010011 123 &

36 4 54 1010100 124 T

37 5 55 1010101 125 ©

38 (L] 56 1010110 126

3% 87 57 1010111 w

40 L5 S 1 X

41 L] ] 1013 ¥

42 o SA 10 T

43 £l S8 1011 |

44 02 5C 1011 \

45 a3 b i ]

48 a4 SE 0

47 45 SF 1}

(zZT32, 2007)
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FINAL GRADE

55/100

GENERAL COMMENTS

Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7

PAGE 8

PAGE 9

Text Comment.

The calculation is correct for 10MHZ clock.

PAGE 10

PAGE 11

Text Comment.

State diagram is clear and the system can be designed from this.

PAGE 12

PAGE 13

Text Comment.
calculation.

This would be 100ms. the other divide by 10 will be included in another

PAGE 14

Text Comment.
second timer.

This should be in the testing section as it is the prototype test for the 1

Text Comment.

Needs more detail.



Text Comment. The config settings are set here. This should be pointed out.

PAGE 15

Text Comment. Good explanation of this logic function.

PAGE 16

PAGE 17

PAGE 18

PAGE 19

PAGE 20

PAGE 21

Text Comment. The state functions are explained reasonably well.

PAGE 22

Text Comment. This explanation could be clearer.

Text Comment. The function here is the LCD function with the created array as the
argument with line number. This is the function call that displays the data on the LCD.

PAGE 23

PAGE 24

PAGE 25

PAGE 26

Text Comment. More is needed here.

Text Comment. This function should be explained.

PAGE 27

PAGE 28

PAGE 29

PAGE 30

PAGE 31

PAGE 32




PAGE 33

PAGE 34

PAGE 35

PAGE 36

PAGE 37

PAGE 38

PAGE 39

PAGE 40

PAGE 41

PAGE 42

GRADING FORM: CSG-RUBIC

SCOTT DEDONCKER

RESEARCH-INFORMED LITERATURE

(

y“ Limited research. This should investigate other
MCU's and discuss the limitations with reference to
this task.

KNOWLEDGE AND UNDERSTANDING

10/25

(

y‘ Intro is weak. 1/5 System design is good in parts
but the config needs more in depth explanations.
6/10 Software explanation could have been more
detailed and better structured. 6/10

ANALYSIS

13/25




(

y“ Testing is good. 8/10 Conclusion is limited. 5/10 1 3/20

PRACTICAL APPLICATION AND DEP.

(

»

Some parts of the code needed more in depth 1 3/20
explanation. 6/10 Testing of the practical is good.
7/10

SKILLS FOR PROFESSIONAL PRAC.

(

y‘ Report is good. 3/5 Team work is good. 3/5 6/1 0
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