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1. Introduction
The aims and objectives of this assignment are to be able to create and design an
alarm clock using an embedded system based on a microcontroller using the
configurable on-chip peripherals. The design will then be put onto a PIC 16F877
microcontroller and a HP488 development board. This will enable the design of a
digital calendar alarm clock which has two lines of LCD which is shown on the device

and 3 pushbuttons to alter and change the clock.
To be able to do this there will be a specification to follow, this is as follows:
Setting the time and date;

This must allow the user to press button 2 which allows them to alter the hour of the
clock by toggling button 3. To toggle through the rest of the time changes (minutes,
days, date, month and year) the user much press button 2 again and 3 to change
whichever setting they are on. By pressing button 1 the changes made are saved

and the clock will resume from the altered time.
Setting the alarm time;

This must allow the user to press button 1 which will display the alarm time that is
already set. By pressing button 2 the user can select whether to change the alarm
hours or minutes, this can then be toggled and changed by pressing button 3. By
pressing button 1 the changes made are saved and the new alarm set and the clock
will resume. It must also display ALARM on the LCD display when setting the alarm
time.

Turning the alarm on/off;

When in normal mode i.e. the clock must be running and not in a setting time/alarm
mode, by pressing button 3 will turn the alarm on/off. To make sure this is successful
an exclamation mark (!) will appear on the LCD.

If all these criteria are met then alarm design will be considered a success.
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Research is
limited and
To be able to build a clock, research must besgamiedeutinio how a clock can

accurately track time and how the microcontr8fi&t C4A 4t this.
the configuration

2. Research

inf tion.
In this assignment the TIMERO function on the microcontroller is being used to

control the accurate timekeeping for the alarm clock, this utilises an interrupt service
routine (ISR).

How this TIMERO function utilises the other functions of the microcontroller is
explained below using figure 1 as reference.

TRISA Ox1E

TRISE 0x00

TRISC 0x00;
ADCON1 0x07
OPTION_REG Ox87;
INTCON OxA0D nfig
TMRO=255; /Pre-lod

OO0 0

Figure 1 - TIMERO
The figure above shows the on-chip peripherals which are utilised.

TRISA; this is set to OX1E (E = 14 for the right hand 4 binary digits) which sets all
inputs for the switches on the board and output for the alarm indicator.

TRISB; this is set to 0x00 which sets all the LCD to outputs.
ADCONT1; this is set to 0x07 which outputs RAQ and inputs for RA1, RA2 and RA3.

INTCON; this is set to OxAO which sets the global interrupts and the TRMO as
enabled (bit 7 and 5 respectively) while the peripheral interrupt is disabled by bit 6.

(Romux, 2010)

OPTION_REG,; this is set to 0x87 which sets the prescaler rate and prescaler
assignment bits on (0-3) which is 111 and 1:256 (seen in figure 2 below). It also sets
the pull-up resistors to disabled.
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REGISTER 5-1:

bit 7

bit6

bit S

bit4

bit3

bit 2-0

OPTION_REG - OPTION REGISTER (ADDRESS: 81h OR 181h)

RW-1  RAW-1  RW-1  RW-1  RW-1  RW-1  RMW-1 RMW-
[ RAPU [INTEDG | Tocs | TosE | Psa | Ps2 | Pst PS0
bit 7 bit 0

RAPU: PORTA Pull-up Enable bit

1 = PORTA pull-ups are disabled

0 = PORTA pull-ups are enabled by individual port latch values in WPUA register
INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of RA2/NT pin

0 = Interiupt on falling edge of RAZ/INT pin

TOCS: TMRO Clock Source Select bit

1 = Transition on RA2/TOCKI pin

0 = Internal instruction cycle clock (CLKOUT)

TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on RA2/TOCKI pin
0 = Increment on low-to-high transition on RAZ/TOCKI pin
PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT

0 = Prescaler is assigned to the Timer0 module
PS<2:(=: Prescaler Rate Select bits

Bit Value TMRO Rate WDT Rate'?

000 1:2 1:1
001 1:4 1-2
010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
—1&2&1 1:64
111 1:256 1:128

Note 1: A dedicated 16-bit WDT postscaler is available for the PIC16F688. See

Section 11.7 “Watchdog Timer (WDT)” for more information.

Legend:
R = Readabile bit W = Wiitable bit U = Unimplemented bit, read as ‘0"
- n = Value at POR “1"= Bitis st ‘0" = Bitis cleared x = Bit is unknown

Figure 2 - Option Register for PIC16F877

(Lab)

Once the peripherals are set on the microcontroller the scaling for a 1 second time

count can now be added to the microcontroller.
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The oscillating frequency being used in the microcontroller is 19.6608MHz. There
are 4 pulses per complete cycle so therefore this number must be divided by 4 which
19,6608/4 = 4915200Hz. As the system overflows at a value of 256 (this is why bit 5
is enabled in INTCON) a prescaler value is chosen, this is chosen to be the bit value
of 111, which is the maximum prescaler value for the chip being used (1:256, shown
in Error! Reference source not found.). The cycle time was previously calculated
at 4915200Hz and therefore the increment time can be calculated.

1
m‘ X 256 = 51.2u5

For a 10ms count the increment time is divided into the count increment (with a 2

subtracted to account for error).

( 10ms

—2=193
51.2us)

The preload count is then subtracted from the value of the prescaler to achieve the

count that needs to be loaded into TMRO:
256 —193 = 63

The testing and results of this will be shown below in task 3 and how the 10ms
interrupt cycle displayed above will be turned into a 1 second count will be explained.

The assignment also uses the PIC16F887 as already mentioned above, this is the
chip for the microcontroller which uses the peripherals stated and explained above.

The layout of a PIC16F877 is shown below in figure 3.

Page | 8




U 40 [] «—= RB7/PGD

MCLRNVPp/THY —= [ 1
RAO/AND ——[] 2 39 [] -—» RB6/PGC
RA1/AN1 --—=[] 3 38 [] -—= RE5
RA2/ANZ/VREF- aget= ] 4 37 [] -=—= RB4
RA3/AN3/VREF+ -a—a= ] 5 36 [] = RB3/PGM
RA4/TOCKI -=—[] 5 35 [] ««— RB2
RA5/AN4/SS ~—[] 7 34 [] -—» RB1
REO/RD/ANS —[] 8 33 [[] w—s RBO/INT
RE 1/WR/ANG -—=[] g 32 [] «— VoD
RE2/CS/ANT7 -a—=[] 10 31 [] -+— Vss

VDD — [

VsS — e [
OSC1/CLKIN —= [
OSC2/CLKOUT w——[]

-
-

30 [] «— RD7/PSP7
29 [[] ~—» RD6/PSPS
28 [] -— RD5/PSP5
27 [] w—» RD4/PSP4

i
w

PIC16F877

RCO/T10SOITICKI <= [] 15 26 [] «e—e RCT/RX/DT
RC1/T10SI/CCP2 -—[] 16 25 [] «+—» RCH/TX/CK
RC2/CCP1 —a[] 17 24 [] -+— RC5/SDO
RC3/SCK/SCL ~—a=[] 18 23 [] «—» RC4/SDI/SDA
RDO/PSPO -— [] 19 22 [] «+—= RD3/PSP3
RD1/PSP1 ~a— [ 20 21 [] -a—= RD2/PSP2

Figure 3 - PIC16F877 PIN Diagram

(Engineering)

Figure 3 shows that the PIC has 4 configurable input/output ports which are RA, RB,

RC and RD. These can be used to program certain areas of the microcontroller and

this will be shown in the assignment itself.

The main features of the PIC needed for the design are that it has enough I/O ports

for all the buttons and clock function and it has enough memory space to be able to

run the clock while storing new times for the clock itself and alarm times.
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3. Design

The system design relies on pushing buttons to allow the clock time to be altered

and the alarm time to be set and turned on/off. This design incorporates only 3

buttons which when pressed in a specific sequence will allow this to be achieved, the

table below will show the outcome of each sequence of button pushes.

Action

Normal function of clock
which will display time
0 and date, also if the
alarmis turned on it will
displaya!

Function which allows

State

1
the hours to be set.
) Function which allows
the minutes to be set.
3 Function which allows
the days to be set.
Function which allows
4
the date to be set.
Function which allows
5
the month to be set.
6 Function which allows

the year to be set.
Save the new
7 clock/alarm time and
implements it.
Function which allows
8 the alarm time to be
altered and set.
Function which allows
9 alarm hours to be
altered.
Function which allows
alarm minutes to be
altered.

10

Figure 4 - Sequence of Design

Buttons
RAl RA2 RA3
Turns
Sate 8 Statel alarm
on/off
Increment
State 7 State2
hours
Increment
State 7  State 3 .
minutes
State 7  State 4 IRgremEnE
days
Sate 7 State 5 Ingrément
date
Increment
Sate 7 State 6
month
Sate 7 State O InerEment
years
N/A N/A N/A
State0  State 9 N/A
Increment
State 7  State 10
hours
State 7  State 8 Increment
minutes

RA4

N/A

decrement
hours
decrement
minutes
decrement
days
decrement
date
decrement
month
decrement
years

N/A

N/A

N/A

N/A

Figure 4 above shows the sequence of buttons pushed and the action which they

cause. Once this has been produced a state diagram can follow which makes it

easier to visualise what each button and setting will do.

Page | 10




State 0 State 8
Toggle
alarm on/off Display Clock Display alarm time
and “ALARM”
: |
State 1
Increment State 7 State 9
MEUFSEy | Display cleck Saves changes I
aid aat hoiiis Increment alarm crement
fads:aneletirnG hour time rm hours
to normal mode
! (State 0)
State 2 |
Increment —r
mins by 1 Display clock |
and set minutes Increment alarm | Increment
mins time alarm mins
|
State 3
Increment
days by 1 Display clock |™
and set days
| |
State 4
Increment
date by 1 Display clock KEY
and set date
RA1
| ]
Increment State 5 RA2
month by 1 Display clock RA3

and set month

I State 6
Increment
years by 1 Display clock

and set year

The design looks good and the

state diagram is clear.

Figure 5 - State Diagram of Design
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Figure 5 above shows the state diagram for the design which gives a better

visualisation of how each state in the design will work and lead onto the next state.

This state diagram will also aid the design and writing of the code which is needed
for the clock to work, this will be show and explained in the next part of the task

below.

kinclude <pic.h> //Header £ile
ginclude "LCD.h" /fHeader £ile

void DisplayTime (int line); / fFunction prototype

void DisplaySetTime (int line); //Function prototype

wvoid DisplayState (int line);

void DisplayDate (int line); /fFunction prototype
void DisplaySetDate (int line); / /Function prototype
woid DisplayRlarmTime (int line); //Function prototype
wvoid DisplaySetRlarmTime (int line); //Function prototype
void Delay(int t); //Function prototype

Figure 6 - Code Function Prototype

The code above shows the header files which are used from MPLAB and utilised in

the design of the clock, these are pic.h and LCD.h.

The function prototypes are then defined to all be integers, this will allow the code to
be modified further along and for the user/reader to know what each prototype is
doing.

int milli=0, secs=0, mins=50, hours=23, day code=2, days=1, month=12, //global
&, atate=0, alarm houra=0, alarm mins=0, timeout=0, alarm=0,

temp_hours=0, temp mins=0, temp_day code=0, temp days=0, temp_month=0,
temp year=0, temp_al hours=0, temp_zl mins=0, temp_state=0;

Figure 7 - Code Global Variables

The code in figure 7 shows the global variables which will be initially used when the
clock is started, these can be altered and changed when called upon and will be
overwritten when needed. Note that all these global variables are integers as they all
require whole numbers to function correctly.
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void interrupt ISR (void

if (TOIF=1)

TOIF = 0;
TMRO = Z55;
10;
if(milli==100

o

milli +

seca ++;
milli = 0;
if (secs==¢&0

mins ++;
sacs = 0;

if (mins==&0

hours ++;

mina = 0;

if (hours=—24)

days ++;
day code ++;

hours = 0;
if (days>31)
month ++;

days = 1;
if (month>12

year ++;

month =

if (day coda==7

Figure 8 - Code Interrupt

i 5~

day codae=0;

//8etting the clock to work

'/Reset interrupt flag, set
reload timing value
ncrement in milliseconds

f milliseconds equals 10

seconds to 0

mins equal €0

Increment hours
fBet mins to O

/f/1f hours equal

/{Increment days

/fIncrement day code

/Hours equal 0O

"/ Inerement month
'/Set days to 1
'/If month is greater than

Increment year
//S5et month to equal 1

//Lf day code equals 7

to Zero

[}

1z

then day code

The code in figure 8 is showing how the clock is being set up. Therefore if TOIF is
equal to 1 then the loop will start again as TOIF is then set to 0 thus resetting the

interrupt flag. As shown in the research the pic itself can only have a maximum of

10ms as its cycle therefore this part of the code will make this a 1 second pulse.
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It's done by using the value calculated for TMRO (255) and setting it as the timing
value and then incrementing milliseconds by 1 (figure shows 10 because it is sped
up for testing but Figure 56 shows 1) until milliseconds equal 100 (1 second).

After this loop has finished the seconds are incremented by one and milliseconds
reset to 0 to allow the seconds to be incremented again and therefore this is the

fundamentals of the clock.
If seconds equals 60 then the minutes are incremented by 1 and seconds reset to 0.

This is repeated in the code for minutes and therefore hours increment by 1 and
minutes set to 0.

If hours equals 24 then days are incremented by 1 and hours set to 0.
If days are greater than 31 then the month is incremented by 1 and the days setto 1.
If months are greater than 12 the year is incremented by one and month set to 1.

Every time hours equals 24 then day code will increment by one and if day code

equals 7 then day code is set back to 0.

This is the basic clock function and therefore will keeping running and incrementing
the time until told otherwise. There is of course exceptions to these rules and these

are shown in the code below.
This is explained well.

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

woid main(veid //Main Function

TRISA 0x1E;
TRISE = 0x00;
TRISC = 0x00;
ADCCN1 0x07
OPTION_REGC = 0x387
INTCON 0xA0
THRO=255;

LCD_Scartup //Fune

Figure 9 - Code Main Function

The code in figure 9 has been explained in the research section of the assignment
apart from the LCD_Startup which will run the function head in the LCD.c file.

Should point out here that
the main function is where
the configuration is included.
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while (1

if month==1

if ((month==2)&&

if | (month==12

if (day_code==7

ifialayrssl

Start super-loop

ey
days>Z8) &&(year: 4 !=0
ls 2 and days is greater than 28 and year does not divide by 4 (not a leap year)

mnr.;\._

Figure 10 - Code Starts Super Loop

Figure 10 shows the start of the super loop for the main function.

This is setting out the exceptions to the rules for days in the month, this means that
months with less than 31 days (months 4, 6, 9, 11) will increment the month on the
30" day. Unless it's month 2 and not a leap year then the month will increment after
the 28" day. After these have finished the day will then set back to 1.

Month 12 will increment on the 315! day but this will then set the months and days
back to 1 and increment the year by 1.

ARO

ifialazx==0

/Sat surput for DAQ =o 1 (this turns the alarm on if the time i
-

/I£ alarm equals zere step in to next bit of code

/8et outpat RAC o O

Again if the day code equals 7 then the day code is set back to 0.

Page | 15

Explained well.




Figure 11 - Code Display State (1)
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Figure 11 above shows the code for turning the alarm on. If the alarm is equal to 1
(alarm is turned on) and the alarm hours and alarm minutes match the time on the
clock then RAO is set to output 1 (turning on RAQ output) and thus turning the alarm

on.
This is correct.

If the alarm equals 0 then RAO is set to 0 and the alarm is then off.

case 0 Jf/Case 0 will zun if

DisplayTime (0); //Function header,
DisplayDate (1) ;

prototype

temp_hours = hours;
temp mina = mins;

temp day code day code; _code
tamp days = days;
temp_month = month;
temp year year; s temp_year
if(BAl) state = &; J/If RAL is equal to equal & (sets the zlazm)
if (RRZ) state = 1; J/If RRZ is equal o equal 1 (sets the clock)
if (RR3I=1 (/If BA3 is equal to 1 step in (this is turning the alarm on and off)
if (alazx==0 J//If alarm eguals O
alarmx 1; f/8ets alarm to equal 1
else //Else command, if alarm is not equal to zero step in to next part of code
alarx = 0; /Sets alarm to 0
break; J/This will break out from the case it's in

Figure 12 - Code Case 0
Figure 12 shows the code for case 0, this will run if the state of the clock is also 0.

The function header will display the time on line 0 of the LCD and will display the
date on line 1 of the LCD.

The next part of the code is setting the clock time to equal any temporary time the
user has set by making the temp_hours equal to hours etc.

If RA1 is pressed then the state will equal 8 and therefore enter case 8 in the code to
set the alarm.

If RA2 is pressed then the state will equal 1 and therefore enter case 1 in the code to
set the clock.
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If RA3 is pressed then the alarm will be turned on/off dependant on what state it was

already in.

case 1: J//Case 1, run if state equals 1 (this case is setting the hours by pressing
DisplaySecTime (0); //Function header, runs DisplayTime function prototype
if (RAL) state = 7; 17
if (RAZ) scate
if (RR3

hours

temp_hours++; 'y
if (temp_hours>Z3) temp_hours=0; //

s greater than 23 set to 0
if(RA4

while (RA4);

Delay (100 ;

temp_hours——;

if (temp hours<0) temp hours=23; // set to 0

break; //This will break out from the case it's in

Break will then break out from the case it's in.

Figure 13 - Code Case 1

Figure 13 shows the code for case 1, this will be entered if the state equals 1 and
allows the user to set the hours of the clock.

The time will be shown on the LCD while in this state, running the displaytime
prototype.

If RA1 is pressed then the state will equal 7 and case 7 will be entered which will
save any changes to the time.

If RA2 is pressed then the state will equal 2 and case 2 will be entered which will
allow the user to change the minutes for the clock.

If RA3 is pressed it will increment the hours for the clock by 1 and if the hours are

greater than 23 then temp_hours will equal 0.

The next bit of code was added as an extra for the assignment which will allow the

hours to be decremented by 1 by pressing RA4, there is a delay of 100 for this.

Again break will then break out from the case it's in.
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case 2 //Case 2 f state equals

Z2 (this case is setting the minutes by pressing BRA3 or RA4)
DisplaySetTima (0);

if (RAl) state
if (RA2) state

3;

if (RA3)
temp minst+; /I t temp mina
if (temp mins>53) temp mins=0; set to 0
if(RR4 f/If RR4 is = ]
. while (RR4);
Dalay(100);
temp_mins--; f/deccrement temp mins by 1
if (temp_mins<0) temp mins=53; //If temp mins is greater than 59 set to 0
break: //This will break ocut from the case it's in
Figure 14 - Code Case 2
Figure 14 shows the code for case 2, this will run if the state equals 2 and allows the
user to set the minutes for the clock.
This has exactly the same principle of code as explained above for figure 13 but now
pressing RA2 will make the state equal 3 and enter case 3.
case 3: //Case 3, run if state equals 3 (this case is setting the days by pressing RA3 or RA4)
DisplaySetDate (1), //runs DisplaySetDate function prototype
if(RAl) state = 7; //If RAl is equal toc 1 set state toc equal 7
if (RA2) state = 4; //If RRZ is equal to 1 set state to equal 4
if(RA3) //If RA3 i3 equal to 1
temp_day_codet+: //Increment temp day_code
if (temp_day code>S) temp_day_code=0; //1f temp_day_code iz greater than & set to 0
:.i.l' RA4 f/1If RAd = 1
while (RA4)
Delay (100 ;
temp_day code--; //deccrement temp day codel
if (temp day code<0) temp day code=&; /If temp day cocde is less than 0 set to &
break; f/This will break out from the case it’s in

By pressing RA3 the minutes are incremented by 1 and RA4 to decrement by 1.

Figure 15 - Code Case 3
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Figure 15 shows the code for case 3, this will run if the state equals 3 and allows the

user to set the days for the clock.

This has exactly the same principle of code as explained

above for figure 14 but now

will display the date on LCD line 1 and by pressing RA2 will make the state equal 4

and enter case 4.

By pressing RA3 the days will increment by 1 and pressing RA4 will decrement by 1.

case 4:

DisplaySetDaze (1

s setting

Te equal 7
o equal 5

if (RAl) state
Af (RAZ) sTate

the date (days numerical] by pressing Ra3

isn protetype

or RA4

if (RAJ
cemp dayste; /Increment temp days by 1
i€ (temp_manth==l temp_manthe=? temp_momthe=: femp_monthe=7 zemp_monthe==? zemp_manth==10 temp_menth==12)) i temp_days>3L

1 equals 1 or 3 or 5 or er 8 oxr 1

temp_days = 1;

if({vemp month==Z2):is(cemp days>28) &: (vemp year® 4 != 0

[/If vemp_month equals 2 and temp days greater than 28

temp days 1; [/Set days %o 1

if | (temp_month==Z)is (temp_days>Z%) il (temp_years 4 = 0

2 and temp days greater than 23

cemp_days
if i { {temp_month==4 temp_month==§ temp_month==% temp_month==1 &5 temp_days> 30
/If temp month equals & or 6 or 3 or 11 and temp days
cemp days = 1; /Set days to 1
if (PA4 [/IZ PA4 is equal to 1
while (RA4);
Dalay (108} ;
tamp dava--; /[ /dacremant days

If the temp_day_code is greater than 6 it will be set to 0.

Figure 16 - Code Case 4 (1)

and 4 does not divide into year then set

9 and 4 divides into year scep in because
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if (( {temp_month==1
cemp_month==10

semp_menthe-

zemp_daya

if [ (zemp_month==2)5&

zarp_days

if ( (vemp_month==1)&s

i€ ([ (temp_monthesd temp_monthes €

break; This breaks cut from each case

Figure 17 - Code Case 4 (2)

Figures 16 and 17 show the code for case 4, this is entered if the state equals 4.

This allows the user to set the date (numerical days) for the clock.

This code is slightly different as it includes the exception for the month of February

(month 2) as every 4 years is a leap year. This is explained below.
If RA1 is pressed the state equals 7 and case 7 is entered and the time is saved.

If RA2 is pressed the state equals 5 and case 5 is entered which allows the months

to be altered for the clock.

If RA3 is pressed then the date is incremented by 1. The exceptions for the months
with less than 31 days have been explained above except for the leap year
exception, therefore;

If the month equals 2 and the year is divisible by 4 then month 2 must have a date
greater than 29 for the month to increment by 1. This allows there to be 29 days in

February every 4 years.

Again the date can be decremented by pressing RA4 and the case will break out

from the case it's in if the state equals something else.
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case 5 //Cagse 5, run if state egquals 5 (tl
ySet

his case i3 sett
Date function prototype

DisplaySetDate (1), //Function header, runs DisplaySe
if(RAl) state = 7; //If RAl1 is equal to 1 set state to equal 7
if (RAZ) state 6; //If RAZ is equal to 1 set state teo equal &
if (RA3 //If BA3 is equal to 1
temp month++; //Increment temp_month
if (temp_month>12) temp_month=1; //If temp_month is greater tham 12 set to 1
iE(RAd /FIL RA4 = L

while (RR4);

Dalay(l00);

temp month
if (temp_month<l) temp_month=12;

break; /fThis breaks cut from each case

Figure 18 - Code Case 5

Figure 18 shows the code for case 5 which is entered if the state equals 5, this

allows the user to set the month for the clock.

This has exactly the same principle of code as explained above for figure 15 but now
pressing RA2 will make the state equal 6 and enter case 6 which will allow the user
to set the year for the clock.

By pressing RA3 the month will increment by 1 and pressing RA4 will decrement by

case @:
DisplaySetDate (1) ;

tDate function prototype

if(RAl) state = 1
if(RAZ) state 0; //IE RAZ qual © set state to equal 0

if (RAZ //If RA3 is equal to 1
Temp year++; //INnccement temp year
TEARAS //I£ FA4 = 1
while (RR4) ;
Dalay(100);
Temp_Yyear--; //deccrement temp_year
break //This breaks cut fzom each case

1. If the temp_month is greater than 12 it will be set to 1.
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Figure 19 - Code Case 6

Figure 19 above shows the code for case 6 which is entered if the state equals 6,

this allows the user to set the year for the clock.

This has exactly the same principle of code as explained above for figure 18 but now
pressing RA2 will make the state equal 0 and enter case 0 which will start the clock

again but will now show the time and date set in cases 1-6.
By pressing RA3 the year is incremented by 1 and RA4 decremented by 1.
Again break will then break out from the case it’s in.

This will now set the clock to the desired time by the user.

case 7 //Case 7, zun if state eguals 7 (this case saves the new clock and alarm times
DisplayTime (0} ; //Function headex, runs DisplayTime functicn prototype

DisplayDate (1)} ;

hours = temp_hours;

mins = temp mins;

day code = temp day code;
days = temp days;

month = temp month;

year = Temp_year;

alarm hours = temp al hours;
alarm mins = cemp al mins;

Delay(100);
scate
break;

Figure 20 - Code Case 7

Figure 20 shows the code for case 7, if the state equals 7 then case 7 is entered and
this will then save the temporary time set in cases 1-6 and make this the actual time

in the global variables.

While in case 7 the time and date are displayed on the LCD on their respective lines
and once the global variables have been changed the state will equal 0 and case 0
will be entered after a delay of 100.

This will start the clock again and display the new time.
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case 8 //Case 8, run if state equals 8 (this case allow the alarm time to be set)

DisplayDaceil); //Functicn header, runs DisplayRlarmDatve function prototype
DisplayRlarmTime (Q);
temp_al_hours = alazm hours; //Sets tam irs to equal alarm hours

temp 21 mins = alarm mins; to equal alarm mins

if (RA1l) state = 0:
if (RRZ) scate 2;

break;

Figure 21 - Code Case 8

Figure 21 shows the code for case 8, if the state equals 8 then case 8 is entered and

this will then allow the user to set the alarm time.
This will display the date on LCD line 1 and display the alarm time on LCD line 0.
If RA1 is pressed the state equals 0 and the clock will resume.

If RA2 is pressed the state equals 9 and case 9 will be entered which allows the user
to change the alarm hours and set it.

cage 9@ /f/Case ¥, zum if state aequals 9 (this case allows the hours for the alarm %o be incremented by 1)

DisplaySetAlaz=Tima (0);
if(RALl) stata = T:

Af (RAZ) stata = 10;

if (RA3

temp_al_hours++: )
if (temp_al_hours>Z3) temp_al_hours=0; If temp_al hcours is greater than Z3 set to 0

break; //This breaks cut from each case

Figure 22 - Code Case 9

Figure 22 shows the code for case 9, if the state equals 9 then case 9 is entered and
this will then allow the user to set the alarm time hours.

This will display the alarm time on LCD line 0.
If RA1 is pressed the state equals 7 which allows the new alarm time to be saved.

If RA2 is pressed the state equals 10 and case 10 will be entered which allows the
user to change the alarm minutes and set it.

If RA3 is pressed the alarm hours are incremented by 1 and if temp_al_hours is

greater than 23 then temp_al_hours will equal 0.
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case 10: /Case 10, run if state 1 ch ws the minutes for the alarm to be incremented by 1
DisplaySesAlarzTime D) ; /Fun ion prototype

if(FAL) scate = 7

if (RRZ) state = &;

il (PR3
temp_al_mins++;
if (temp_al mins>53) temp_al_mina=0 0
break; /This breaks c©
while (RAL RA2 BA3) ; /While RAl or RAZ or RA3 are active do nothing
The state part is explained, but
it should be noted that the while
loops forinc and dec and at the
end is to counter switch
Figure 23 - Code Case 10 and End of Super Loop bounce.

Figure 23 shows the code for case 10, if the state equals 10 then case 10 is entered

and this will then allow the user to set the alarm time minutes.
This will display the alarm time on LCD line 0.
If RA1 is pressed the state equals 7 which allows the new alarm time to be saved.

If RA2 is pressed the state equals 8 and case 8 will be entered which allows the user
to change the alarm time again or save the alarm time and start the clock.

If RA3 is pressed the alarm minutes are incremented by 1 and if temp_al_mins is

greater than 59 then temp_al_mins will equal 0.
Again break will then break out from the case it's in.

This will then carry on the super loop and keep incrementing the time of the clock
indefinitely.

This ends the main program, the code below is describing the function definitions

which is called upon by the main program when needed.
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void DisplaySetTime(int line

char time string(1&]
iflalarz==1

time_stringl(0] = (char
time string(l] = (char
time_stringlZ] ;
time_ stringl3] char
time string[4] char
time_string[s] ;
time stringlé]
Time_string(7]
time_string[g]
time string(3]
time_stzingl[l0] =
time_stringl
time_string[l2]
time_stzingll3] =

time stringl[l4]

time_stzingl[ls] 0;
if lalarm==0

time_string[0] = (char

time atring(l] = (char
time_stringl[2] ;
time_stringl[3] char
time_stringl4] char
time_stringl3] ;
time stringl&]
time_string(7]
time_string[8] =
time_string[d]
time_sctring[lo] =

time stringlll] = ' *;
time_stringll2)
time_stringll3] =
time stringl[l4]
time_stzing[ls] 0;

DisplayString(line, time_string):

Figure 24 - Code Display Set Time

char)

//1£ alarm iz equal to

ffSends the string to the LCD on line 0

o, 0, 0, 0, 0, 0, 0};//Local string declared with 16 elemancs
J/If alarm is equal to 1 step in

{/Displays the first hour digit. 48 equals the asci code £
//Displays the second hour digic. 48 equals the asci code
//Displays the : digi

//Displays the first minute digit. 48 egquals the asci code for 0
//Displays the second minute digit. 48 equals the asci code for
f/Creates

eates

WM oW oW W W W
moTWOUTDTOOOD
1 TR EEER]
an nnn
@ n LI )

»

w

cthe stzing by placing 0 in the last scrzing

0 step in

//Displays the first hour digit. 48 equals the asci code for 0
//Displays the sacond hour digit. 48 equals the asci code for 0
f/Displays the : digi
//Displays the first minute digit. 48 equals the asci code for 0
//Displays the second minute digit. 48 equals the asci code for

//Creates

//Ends the stzing by placing 0 in the last string

The code in figure 24 shows the displaysettime function prototype and the code

behind it. The display set time code is used to display the time set on the LDC line of

choice depending on what case the user is in.

This will display the time on the LCD on line 0 (because displaystring is set as (line,

time_string) as follows; 00:00. With the hours being the first two digits and the

minutes the second two digits separated by a : this will be utilising the first 5 digits in

the time_string array.

If the alarm is set to on and equals 1 the exclamation mark (!) will be shown on

character 14 of the string. The string is ended by placing a 0 in the last string.
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void DisplayTime (int line)

char time string(l€] = |

://loeal string declared with 1€ elements

if lalarz=—1) equal to 1 step in
time stringl0] =
time string[l] =
time stzingl[2]

time_stringl(3] =
time_string(4]l =
tima_ string[5] = " °; //Creates space

first hour digit. 48 equals the asci code for 0
second hour digit. 48 equals the asci code for 0
digit.

st minute digic. 48 equals the asci code 0
second minute digit. 48 equals the asci code for O

1]

time_stringl€] = " '; /Creates space
time_string[7] bl
time stringl8] =
tims_string(3] = * *;
time string([l0] i
time_string([ll] = ' ';
time string(lz] = * ';
time string[l3] = " ';
time_string[ld4] = (char) 33; //Bacii code 33 = !

time stringll5] 0; //Ends the string by placing 0 in the last string

if (alarz==0) //IE alarm is equal to 0 step in
time string[0] = (char) houras / 10 + 48; //Displays the first hour digit. 48 equals the asei code for 0
time string[l] = (char) hours % 10 + 48; //Displays the second hour digit. 48 sguals the asci code £or 0
time_stringl2] = ":'; ys the - digit.
time string[3] char) mins / 10 + 48; che first minute digic. 48 equals the asci code for 0
time stringl4] = i(char) mins % 10 + 48; the second minute digit. 48 equals the asci code for 0
tims string[5] = * °; //Creates space
time stringlé&] N
time_stringl[7] = " °;
tima_string(&] = * *;
time_string[s8] = " °;
time_string[l0] = - //Creates
time =tring[l1] " //Creatass space
time stringllz] = "7 //Creates space
tims_string[l3] = ' '; //Creates space
time string[l4] i //Creates space
time_stzing[lS] = 0; //Ends the string by placing 0 in the last stzring
DisplayStringiline, time_string); //Sends the string to the LCD on line 0

Figure 25 - Code Display Time

Figure 25 shows the code for the displaytime function, this is exactly the same code
as in figure 24 except it uses the global varial value for hours and mins and not
temp_hour and temp_mins, and will display the time which has been set by the user
after they have saved the changes.
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void Delay({int t) // Start of function
int i;
for (i=0;i<t;i++);

Figure 26 - Code Delay Function

Figure 26 shows the delay function which is used in some cases to delay switching
back to case 0 or when decrementing. It works by setting | to equal 0 and while | is
less than t, | will increment.

Therefore setting t to 100 then delay will count up to 100 and then move on.

void DisplayState (int line

char state string[&8] = {0, O, 0, O, O, O, O, O};
state_string! ;
state_stringl
state_string!
state_stringl
state_stringl
state_stringl ;
state_string| = (char) state + 48;
state_string[7] = 0;

B WM P o

J M
|

DisplayString(line, state_string);

Figure 27 - Code Display State Function

Figure 27 shows the code for the displaystate, this uses the current state of the clock

and puts it into the state_string array in character 6.
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void DisplayDate(int line

s

//display

char day code_scring(5] (0, 0, 0, 0, O
char month_string o8, O 0}
char date_stringll = 9, ¢, 0, 0, 0 o, 0,90, 0, 0,0 0,0
if (day code==0

day_cede_string [0] char

day_code_string (1] char

day code string! char

day_cede_string[3]

day_code_string (4] 0; 0 in the last strin
if (day code==1

day_ceode_stzing [ char

day_code_string char

day eode string! char

day_code_string! :

day_coda_string[4] 0; g by placing 0 in the last strin
if (day code==Z

day_code_string (0] char //chax T

day_code_string (1] char //char U

day code_string(Z] char {/char E

day_code_string[ / es space

day_code_stzing [4] 0; F the stzxing by placing 0 in the last stxing

char
char

day_eode_string | char

day_code_string[3] ;

day_code_string (4] 0; ing by placing 0 in the last strin
if (day_ code==4

day_code_stzing [0] char) T

day_code_stzing (1] char H

day_code_string[ char u

day_code_string!
day_code_string

L

*

if (day_code==3)

day_code_stzing (0]

day code_string !
day_code_string[3]
day_code_stzing [4]

if (day code==g&

H 0 m

day_code_string char
day_code_stringl char
day_code_stringl char
day code stringl| i
day_code_stringl(4] = 0;

Figure 28 - Code Display Date Day

Figure 28 shows the code for the displaydate function, specifically in figure 27 it
shows the day_code_string in more detail. This is a string with 5 elements or
memeroy spaces. This means that when the day_code_string function is called in
the main program the day will be shown on the LCD.
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This works by using the ASCI| table (see appendix) and displaying the correct letter
for the value set in the table. There is a space after the day and then the array is
ended by a 0 which is a null character in the table.

This also utilises the day_code function which is incremented when the days change
in the main program, this is then linked to the correct characters to display the day to
be read by the user.
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if (month==1)

month_string (0] = (char) 74;
month string[l] = (char) &5;
month stringlZ] = (char) 78;
month stringl[3] = ' ';
month_string[4] = 0;

if (month==2)
month_string[0] = (char) 70;
month_stzring[l] = (char) €3;
month_string(2] = (char) €&;
month_string[3] = " '
month stringl4] = 0;

if (month==3)
month_string(0] = (char) 77;
month string(l] = (char) &5
month_stringl(2] = (char) 82
month_stringl[3] = ' ';
month_string(4] = 0;

if (month==4)
month_string(0] = (char) &5
month_string[l] = (char) &0
month_string(2] = (char) 82
month_string[3] = ' ';
month_string[4] = 0;

if (month==5)
month_string(0] = (char) 77;
month string([l] = (char) &5;
month_string([Z2] = (char) 83;
month_string[3] = ' ';
month_string[4] = 0;

if (month=—=¢)
month_string[0] = (char) 74;
month_stzing[l] = (char) 85;
month_string[2] = (char) 78&;
month_string[3] = " ';
month_string[4] = 0;

if (month==7)
month_string(0] = (char) 74;
month string(l] = (char) 85;
month_string([2] = (char) 7&;
month_string[3] = ' ';
month string[4] = 0;

Figure 29 — Code Display Date Month (1)

f/char
//char
f/char

f/char
f/char
f//char

f/char
//char
f/char

//char
//char
//char

//char
//char
ffchar

ffchar
//char
f//char

//char
//char
//char

o

< 4

o

=

=

(4]

| =
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if (month=—=8)

f/fchar !

wn

month_string[0] char
month_string
month stringl
month stringl
month_stringl

char

=~ @ M

=

n

-}

I

H
-

= (char //char |

RIEY

if (month==9)
month_string[0] char
month stringl[
month_stringl
month string[23
month_stringl4] = 0;

//fchazx

char 'fchar

m oy o
[=JT-

oo W

char) /fchar

if (imonth==10)

1
L
=
i

month string([0]
month string([l]
month_string
month_ string(3

month_string(4] = 0;

ooy
-1
n
o
[ TR T )
H K KN
H 0 o

™
ok

if (month==11)

month_string[0] //char N
month_string(l] =
month stringl
month_string[3]
month string[4]

/fchazr

f//fchar V

if (month==12)

O . g

month _string([0] = (char) &8;
month_string[l]l = (char) &3;
month _string(2Z] = (char) €7;
month_stringl[3] = * °;

month_string[4] = 0; //Ends the string by placing 0 in the last string

=] W m
n

@y oy

/*Places day_code, days, month, and year into the date_string*/

Figure 30 - Code Display Date Month (2)

Figures 29 and 30 show the code for the displaydate function, specifically in figure
the month_string in more detail.

It's the same code as the day_code_string explained above except it has 12 months

and utilises the month function when it is incremented.
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date_string(0]
date_stringll]
date_stringlz]
date_string[3)
acring[4]
e

day code_stringl
day_code_stringl
day_ceode stringl
day_code_string|

S =]

date daya / 10 + 43; // day 10°'
date_string[3] days % 10 + 43; /

date_string[e] = - £/

date_string[7] = month_string[0];

date_string(2] = month string(l]; //get month chars
date_string(%] = month string[Z];

date_string(l0]
date_stringlll]
date stringl(lZ]
date string[l3]

month_string([3];
year 1000 + 48;
year % 1000 / 100 + 48;
year % 100 / 10 + 48; Irf v

date string[l4] year % 10 + 48; 'y,
date_string[l5] = O; //Ends the string by placing 0 in the last string
DisplayString (line, date_string): //8ends the string to the LCD on line 1

Figure 31 - Code Display Date Placing On LCD

Figure 31 shows the code for all the functions above which are now being utilised in
the date_string array mentioned above in figure 28.

The date string take the day code string and places the values in the array into the
first 4 characters of it's array, it then uses the value for the date and places it in the
next 2 characters of the array and then uses a space as there is not one there as the
date does not have an array with one in like the other strings do.

The month string is then placed in the next 4 places in the date string array followed

by the values for the years and this is then ended by the 0 (null character).

The display string then uses the date string and sends it to LCD line 1 to complete
the clock. If correct the date should read something like; MON 12 JAN 2016,

The end function call takes
the string created as an
argument for the LCD
function call. This is how
the data gets displayed on
the LCD.
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void DisplaySetDate (int line)

char day code_strin
char month string
char date_string[lé]

if (cemp day code=

{
day_code_string!
day code string
day_code_stringl
day_code_stringl
day code scringl

B WM B O
[

}

if (temp_day_code==1
day_code_stringl
day code stringl
day_code_scring
day_code_stringl
day code string!

B WM B o
[

if vemp_day code——2
1
day_code_stringl
day_code_stringl
day code stringl
day_code_stringl
day_ceode_stringl

01
1]
2] =
a1
13

1
if (cemp_day_code
{

3

day code stringl
day_code_stringl
day_code_string|
day code stringl
day_code_scringl

}

if (cemp_day code==4

'
day_code_stringl
day code acringl
day_code_string!
day_code_stringl
day code stringl

B WM PO
[

1

if (temp_day_code==35

i
day_code_string(
day_code_stringl(
day code scring(
day_code_stringl
day_code_stringl

0]
11
2] =
3]
4]

if (vemp_day_code=—%
{
day code_stringl
day_code_string(
day_code_stzring!
day_code_stzing|
day code_stringl

char)
char)
char)

72

70;

73;

Sunction/ /S /1T FETFETTEIIELIFRTEEITEIPEITEATEL I AR AT

0, 0}; //Local string declared with § elements
0}: //Local string declared with 5 elamentcs
g, @, 8, o, 4, 0 0, 0, 0, 0, 0};//Local string declared with 16 elements

//If temp day code is equal to zero
//Ascii code B3 = §

/fhscil code B5 = U

f#Ascii code 78 = N

ffcreates space

//Ends the string by placing 0 in the last string
//If temp day code is egual to 1

=0
=N

ffRscii code 7
//Ascii code 7
/fhscii code 7
ffcreates space

//Ends the string by placing 0 in the last string

-]
L

fFLE vemp_day_code is equal to 2

//Rscii code B4 = T
f/Racii code 85 =

//Ascii code 69
//creates space
//Ends the string by placing 0 in the last string

//Lf temp_day_code is equal to 3

ffAsecii ecode
//hscii code
//Ascii code &
Sfereates space

//Ends the string by placing 0 in che

last string
//1f temp day code is aqual to 4

/fAscii code B4
f/hacii code 72
f/Ahscii code B5
//fcreates space
f/Ends the strin

by placing 0 in the last string

f/Lf temp_day_code is egual to 5

f/hscii code 70 =
fFfAscii code BZ =
/fhscii code 73 =
//creates space

/fEnds the string by placing 0 in the last string

R

-

//If temp day_code is equal to 6

/fBacii code
//Rhaeii ecode
/fBscii code
/foreates space

//Ends the string by placing 0 in

the last string

Figure 32 - Code Display Set Date (1)
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if (temp_month==1)
month_string(0]
month stringll]
month_string[Z2]
month_string([3]
month_string([4]

1

if (temp_month==2)

;
1

month_stringl0]
month stringll]
month_string(2]
month_stringl3]
month stringl4]

}

if (vemp_month==3)

1

month_ string([0]
month_string[1]
month_string(Z]
month_ string[3]
month_string[4]

}

if (temp_month=—=4)
month_string([0]
month_stzring([l]
month stringlZ]
month_string[3]
month_stringl4]

}

if (temp month==35)
month _string(0]
month_string(l]
month_string(Z]
month string([3]
month_stringl[4]

1
i)

if (month=—=¢g)

month_string([0]
month_stringll]
month_stringlZ]
month_string([3]
month_stringl4]

1
}

if (month==7)

{
month string(0]
month_string([l]
month_string(2]
month string([3]
month_string([4]

char) 74
char) €5;
char) 78;
a;

char) 70;
char) €5;
char) €&
a;

char) &5
char) 80
char) 82;
a;

char) 7
char) 28

oo

char)

Figure 33 - Code Display Set Date (2)

//1f temp month

f/Raecii code 74
f/Bhsecii code €5
//Rscii code 78
f/Creates space

//Ends the string

//If temp_month
ffRAscii code 70
//Ascii code €

f/Ascii code €
f/Creates space

o o

//Ends the string

//If temp_month

7

-3

f/Ascii code
f/RAscii code &
f/Ascii code 8
//Creates space

A

is equal te 1
=J

=.A
=N

is equal to 2

[

is squal to 3

m o

by placing 0 in the la

by placing 0 in the la

ot

//Ends the string by placing 0 in the last strin

f/If temp_month

//Ascii code

Mo om

e
f/Ascii code 8
//Rscii code B8
f/Creates space

is equal to 4

o om o

//Ends the string by placing 0 in the last strin

//If temp month

//Aseii code 77
f/RAscii code €5

ffRscii code 89 =

//Creates space

//7Ends the string

f/char J
//char U
f/char N

f/char J
fifchar T
ffchar L

is aqual to 5

=M
A
Y

by placing 0 in the last string
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if (month==38)

month_string(0] = (char) &5;
month string(l] = (char) 85;
month_string (2] = (char) 71;

month_string (3]
month string[4

if (month==38)

1
0
i
I
"

month_string (0]
month _string[
month_string!
month_string!
month string (4]

W M
n o

. & &
[T
w o
m o W
O w W
=R B ]

if (month==10

1
o
g
W
"

month_string |
month string|
month_string|
month_string!
month_string[

~1 W0

H o

0
a
[
L]
wom

W M
0

. B
v
"

Via
[=]

if (month==11

(=]

78; f/char N

74; f/ohar

month_string(
month string|
month string|
month_string(
month_string(

Q

"

L

; //chax

W R

if (month=—=12
month_string [0
month string(l
month string (2]

3

8; //Rscii code
‘Bscii code
7; /fAscii code

[}
[1)
-
']
L

n

=

W
"
0mo

month_string (3
month atring[4] = 0;

[+ g

=

; placing 0 in the last string

Figure 34 - Code Display Set Date (3)
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/*Places day_code, days, month, and year into the date_string*/

date_string (0] = day code_string(0]:;

date_string[l] = day code_stringl

date_string([Z]) = day code_string(2];

date_string (3] = day_code_string(3];

date_string (4] = temp days / 10 + 48;

date_string[5] = temp days % 10 + 48;

date_string[é] = " * Creates space

date_string | = month_string(0]:
month_string(1]:

date_string|

w oo
]

date_ string| month_stringl2];

date_string(l0] = month string(3];

date_string(ll] = temp year /

date_string(lZ] = temp year %

date_string[l3] = temp_year %

date_string[l4] = temp year & 1

date_string[l5] = O; //Ends the string by placing 0 in the last string
DisplayString(line, date_string): //Sends the string to the LCD on line 1

Figure 35 - Code Display Set Date (4)

Figures 32-35 show the code for displaysetdate function, this is exactly the same
code as the displaydate but allows the user to see what changes they are making
while altering the date.

(/S fDisplay alarm time function///SSIILIIEFITILITIIIIFEETIFIISIS ISR IITII LS

void DisplayRlarmTime (int line)

char alarm string(lé] {0, 0, 0, 0, 0, 0, 0,0,0 0,0, 0, 0, 0, 0, 0};//Local string declared with 1¢ alemants

alarm_string(0] = (char) alarm hours / 10 + 48; /ffDisplays the

alarm_string(l] = (char) alarm hours % 10 + 48; / s the

alarm_stringl(Z] = H / the

alarm_string(3] = (char) alarm mins 10 + 48; / the minute digit. 48 equals the asci cod

alarm string(4] = (char) alarm mina % 10 + 48; / /2 the second minute digit. 48 equals the asei code for 0

alarm scring(s] ) ff tes space

alarm string(é] /fcreates space

alarm string(7] /fcreates space

alarm_string(g8] = /fereates

alarm_string(3] = ; ffcreates

alarm_string(l0] = (char) €5; /

alarm_string(ll] = (char) 7&;

alarm string(l2] = (char) &5;:

alarm string(13] = (char) 82; /

alarm scring(l4] char) 77; ! i end M

alarm string(15] 0; //Ends the string by placing 0 in the last string

DisplayString (line, alarm string); //Sends the string to the LCD on line O

Figure 36 - Code Display Alarm Time

Figure 36 shows the code for displayingalarmtime function, this is utilising the
alarm_string array and putting the alarm_hours value into the first two spaces of the
array followed by a :, this then places the alarm_minutes value into the next two

spaces.
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The next 5 spaces are used as spaces with the last next 5 spaces displaying the
word ALARM on the LCD line 0 using the ASCII values in the array spaces to spell
ALARM. This is then ended by a 0 (null value) in the last array space.

If successful it should look something like; 07:15  ALARM

FEEL LR EEEErF eI iiiiidrffiriidrisifeffrifi/fDisplay set alazm vime CuncCion/////i7rifiiifififiiiriiififdriirififilriiiiiissy
vold DisplaySetAlarmTime int line
char alarm string[16) (0, 0, 0, O, 0, 0, O, O, O, O, O, O, O, O, O, O};//Local string declared with 1€ slemants

alarm string([0] char| temp_al _hours / 10 + 48

alarm string(1]
alarm scring(Z] H
alarm scring(3] char! temp al_mins 10 + 48;

char! temp_sl hours & 10 + 42;

g nute digic. 48 eguals the asci code foz 0
alarm _string(4] = (char) temp_al_mins % 10 + 48; minute digit. 48 equals the asci code foxr 0
alarm_string i
alarm string

alarm scring(7

alarm scring(g]
alarm_scring H
char) &5;

alarm_sctring

alarm string| char

alarm scring(12] char) &5;

alarm scring(13] char) B82;

alarm scring char) 77

alarm stringl(ls] = 0; ¥ Placing 0 in the last stzring
DisplayString (line, alarm string); f/Sends the string to the LCD on line O

Figure 37 - Code Display Set Alarm

Figure 37 shows the code for displaysetalarmtime, this code is exactly the same as
in figure 36 except it uses the global variable value for temp_al_hours and

temp_al_mins instead of alarm_hours and alarm_mins. This function is to allow the
user to view the changes to the alarm they are making when toggling the hours and

minute values.

The LCD function call is
used in the same way for
all the created arrays in the
functions. It passes the
array strings as arguments
for the LCD function call
and displays on the LCD.
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4. Testing and Analysis of Results
Testing was carried out to check that all the design functions worked correctly, this is
aided by a testing table which is shown below. The clock was sped up to aid testing
and left to run for “months” and the clock performed perfectly as it should have done.
This part of the testing is not documented as it is hard to gain evidence for this but it
was successful.

Other parts of testing which is not shown or discussed in the evidence is the
decrementing part of the clock, this is because it was an added extra to the
assignment criteria and was not necessary, regardless; this was put into the code of

the clock and when tested did work correctly.
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Evidence
(Figure No.)

Test
Prodedure

Current
State

Display clock
0 time an date
on LCD

38, 45and 46

Increment
hours by 1

Increment
minutes by 1

Increment
days by 1

Increment
date by 1

Increment
month by 1

Increment year
by 1

Saves the
altered time
and date and
7 . 49 and 45
alarm time and
returns the

clock to normal

Displays alarm
time and date
along with
ALARM
Increment

9 alarm hours by
1

Increment
alarm minutes
by 1

10 49

Figure 38 - Testing Table (1)

Expected Result

Actual Result

Display the set time Display the set

and date on screen
with clock running
and turns on alarm
when RA3is
pressed

Increment hours by
1whenRA3is
pressed

Increment minutes
by 1when RA3is
pressed

time and date on
screen with clock
running and turns
on alarm when
RA3is pressed
Increment hours
by 1when RA3is
pressed
Increment
minutes by 1
when RA3 is
pressed

Increment days by 1 Increment days

when RA3is
pressed

by 1when RA3is
pressed

Increment date by 1 Increment date

when RA3is
pressed
Increment month
by 1when RA3 s
pressed

Incrementyearby 1

when RA3is
pressed

Saves the altered
times and alarms
and clock continues

Alarm time is
shown when RAlis
pressed from state
0

Increment alarm
hours by 1when
pressing RA3

Increment alarm
minutes by 1 when
pressing RA3

by 1when RA3is
pressed
Increment month
by 1when RA3is
pressed
Increment year by
1when RA3is
pressed

Saves the altered
times and alarms
and clock
continues

Alarm time is
shown when RA1
is pressed from
state 1
Increment alarm
hours by 1 when
pressing RA4
Increment alarm
minutes by 1
when pressing
RA4

Success?

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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LCD1

LMO18L

884 9z, 85882885

RESREEEREECRECEREEER A

Figure 39 - Normal Clock

Press RA2 to start setting clock time.

LCD1

LAMO18L

884 vz, ssnzzass
sfslel stele] (alslsleledelelyl

Figure 40 - Setting Clock Hours

RA3 to toggle hours (above) RA2 to move to minutes.

LCD1
LMo1eL

888 9%, szuzzsss
wfefu] mfufu] [sfufufefu]nfafs]

Figure 41 - Setting Clock Minutes

RA3 to toggle minutes (above) RA2 to move to days.
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LCD1

LAMO18L

884 ¢z, ssuczs8s

Figure 42 - Setting Clock Days

RA3 to toggle days (above) RA2 to move to date.

LCD1

LMO1EL

888 oz, 35832885
T

-I-l-l -l-l-l-l-lllIlll
Figure 43 - Setting Clock Date

RA3 to toggle date (above) RA2 to move to month.

LCD1

LMO18L

884 vz, szuszsss

Figure 44 - Setting Clock Month

RA3 to toggle month (above) RA2 to move to year.
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LCD1

LMO1EL

884 w=, gsuzzsss:
| I

Figure 45 - Setting Clock Year

RA3 to toggle month (above) and pressing RA1 to return to normal and run clock

(same figure as evidence (44)).

LCD1
LMO16L

884 vz, gzumzsss

slrlel izlelel nlclelalelninlel

Figure 46 - Alarm Not Set

Press RA3 in state 0 to set alarm (below)

LCDA1
LMO16L

884 9, ssngsz885

Figure 47 - Alarm Set

Alarm is now set and displaying exclamation mark (!)
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LCD1
LMO16L

(=]
88

oz, 35333885
| mlu]a] 'sl=la]a|s]af=|s]

III
Figure 48 - Setting Alarm
Pressing RA1 in state O allows user to set alarm and displays ALARM.

LCD1
LMO16L

884 oz, s5333885

a|aja] =fu]u] ‘s|s]s|s]s|s]a]s]

Figure 49 - Setting Alarm Hours

Pressing RA2 allows hours to be set and RA3 to change hours

LCD1
LMO16L

(]
2o vZ, 85883885

Figure 50 - Setting Alarm Minutes

Pressing RA2 again allows minutes to be set and RA3 to change minutes
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Evidence

Test Procedure (Figure Expected Result Actual Result Success?

No.)
Alarm going off 52
Leap year
shown on LCD 53
display

The alarm
The alarm will went off
go off once the when it

alarm settime is reached the
met and will be settime and
signified by RAO it up the LED

outputtinga 1 attached to

signal RAOD
The LCD will The LCD
display a leap displayed
year date of 29 29th of
for February  Februaryin

when the yearis 2016 as this is

Figure 51 - Testing Table (2)

divisible by 4  aleap year
VoD
D1
LenaeD
= u1
422 oecucuan REOINT [ —
T || KR b I
TR TV L
=] racano RB4 %L-ia
21 Ran RES 2—*—-
RAZANGIVREF- REGPGC
RAMANSVREF+ remPeo [
RASTOGH
RANANGEE  ROOTIOSOMICK ﬁ
RCUTIZEVCCP2
ReiceR
RENANSATE RCHECHECL e
RE2ANTER RCuSDUSDA [
ROI00 it
e
RCIRXDT it
ROOFSR) (12
rowrse
Foeset [aty
el o
RosEsRs [222
(=28
LE=)

FIC1sFETT

Figure 52 - Alarm Gone Off

Yes

2. 85833885

R

:1

Figure 52 shows that the alarm has gone off as RAO output has turned the LED on

using the pull up resistor to power the LED.
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LCD1

LMO18L

888 02, s5333885

alzlal =]a]a] =l=]a]=]=f=fa]=]

Figure 53 - Testing Leap Year

Figure 53 shows the clock date as being 29" of February 2016 which is a leap year
because it is divisible by 4 and thus allowing the date in February to be 29.

Supporting evidence of testing is shown below of the 1 second clock pulse for the
PIC, as explained above the PIC is limited to 10ms by its processing power and

therefore uses the code to make 1 second, this is shown below.

#include <ple.h>

int milli=0, seca=0; J//Must be declared global for fu

woid interrupt TSR (woid)

1f(TCIF==1

TOI? = O;
THRO = &3;

milli e 1

if(milli==100

meca 45

milli = 0;
RBO = -RBO; // Teggle RBO pin
veid matmiveid) //Main Fumecisn
TRISE « Dx00. #/Configure port B = 0000 D000

OPTION_REG = Dx&87:
INTCON = OxAD;

while 1 fiftazy supez-loop

Figure 54 - Clock Pulse at 10ms
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Figure 54 above shows the preloaded value of 63 which is calculated in the
research, this give a 10ms clock pulse which is proven below by placing a
oscilloscope on TMRO.

Digital Oscilloscope n
| Channel € |

Figure 55 - Oscilloscope 10ms

Figure 55 shows that the source is set to 5ms per division (highlighted) and there are

2 divisions per pulse so therefore one pulse is 2 x 5ms which equals 10ms.
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Figure 56 - Clock Pulse at 1 Second

Figure 56 shows the code has now been modified to count 100 times for the
milliseconds to equal 1 second.

Digital Oscilloscope n

| Channel C

Figure 57 - Oscilloscope 1 Second
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Figure 57 above shows that the source is set to 20ms per division (highlighted) and
there are 5 divisions per pulse so therefore one pulse is 20ms x 5 which equals 1
second.

Practically testing the HP488 development board

L
<
L]
®
o
]
@
@
=

Figure 58 - Normal Clock Practical
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Figure 60 - Setting Alarm Practical
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Figure 61 - Setting Alarm Hours Practical

This is the end of testing; testing has been successful as all expected outcomes

have happened and the code has worked correctly for the alarm clock.
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5. Conclusions and Recommendations
To be able to conclude the aims and objectives of the assignment must be evaluated
to see if they have been met, this is shown below.

The aims and objectives of this assignment were to be able to create and design an
alarm clock using an embedded system based on a microcontroller using the
configurable on-chip peripherals. The design was then be put onto a PIC 16F877
microcontroller and a HP488 development board. This enabled the design of the
digital calendar alarm clock which has two lines of LCD and 3 pushbuttons to alter

and change the clock.

These aims above were met as an alarm clock was designed and implemented on
the PIC 16F877 microcontroller and downloaded onto the HP488 development
board, evidence of this working is provided and works successfully so this part of the

assignment is deemed a success.
The specification for the alarm clock was as follows:
Setting the time and date;

This must allow the user to press button 2 which allows them to alter the hour of the
clock by toggling button 3. To toggle through the rest of the time changes (minutes,
days, date, month and year) the user much press button 2 again and 3 to change
whichever setting they are on. By pressing button 1 the changes made are saved

and the clock will resume from the altered time.
Setting the alarm time;

This must allow the user to press button 1 which will display the alarm time that is
already set. By pressing button 2 the user can select whether to change the alarm
hours or minutes, this can then be toggled and changed by pressing button 3. By
pressing button 1 the changes made are saved and the new alarm set and the clock
will resume. It must also display ALARM on the LCD display when setting the alarm
time.
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Turning the alarm on/off,

When in normal mode i.e. the clock must be running and not in a setting time/alarm
mode, by pressing button 3 will turn the alarm on/off. To make sure this is successful
an exclamation mark (!) will appear on the LCD.

These criteria were all met and testing and evidence is proof of this, this therefore
proves that the alarm clock works fully and that the assigned as a whole can be

deemed a success as all the aims and objectives have been met.
Recommendations:

The code for the clock could be worked upon as there is room to make the code
more efficient, for example; the days of the month should be linked to the date and

therefore when altering the date the days automatically change too.

This was discovered as a recommendation when the date for the leap year in
February was changed as the days did not and therefore the day of the 29t of
February 2016 might not have been accurate.

Adding noises to the PIC microcontroller and code might be advantageous as the
alarm could make a sound and different tones could be used when altering the time

and date and a separate tone used for altering the alarm time.

In conclusion the code works well and the assignment is a success.
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Dec Hex Oct Chr Dec Hex Oct HTML Chr Dec Hex Oct HTML Chr Dec Hex Oct HTML Chr
00 000 NULL 3220 040 &#032, Space | 64 40 100 &#064; @ 96 60 140 &#096;
11 001 StartofHeader 3321 041 &#033; ! 65 41 101 &#065; A 97 61 141 &#097; a
22 002 StartofText 34 22 042 &#034;, * 66 42 102 &#066; B 98 62 142 &#098; b
33 003 EndofText 3523 043 &#035 # 67 43 103 &#067;, C 99 63 143 &#099; c
44 004 End of Transmission 36 24 044 &#036; $ 68 44 104 &#068, D | 100 64 144 &#100;, d
55 005 Enquiry 37 25 045 &#037, % 69 45 105 &#069; E 101 65 145 &#101; e
66 006 Acknowledgment 38 26 046 &#038 & 70 46 106 &#070; F 102 66 146 &#102; f
77 007 Bell 39 27 047 &#039;, 71 47 107 &#071;, G 103 67 147 &#103; g
88 010 Backspace 40 28 050 &#040; ( 7248 110 &#072;, H 104 68 150 &#104; h
99 011 Horizontal Tab 41 29 051 &#041; ) 7349 111 &#073; 1 105 69 151 &#105; i

10 A 012 Line feed 42 2A 052 &#042;, * 74 4A 112 &#074, ) 106 6A 152 &#106; j
11 B 013 Vertical Tab 43 2B 053 &#043; + 75 4B 113 &#075;, K 107 6B 153 &#107; k
12C 014 Form feed 44 2C 054 &#044; , 76 4C 114 &#076;, L 108 6C 154 &#108; |
13 D 015 Carriage return 45 2D 055 &#045; - 77 4D 115 &#077; M | 109 6D 155 &#109; m
14 E 016 ShiftOut 46 2E 056 &#046; . 78 4E 116 &#078 N | 110 6E 156 &#110; n
15 F 017 ShiftIn 47 2F 057 &#047;, / 79 4F 117 &#079; O | 111 6F 157 &#111; o
16 10 020 Data Link Escape 48 30 060 &#048; 0 80 50 120 &#080; P 112 70 160 &#112; p
17 11 021 Device Control 1 49 31 061 &#049; 1 8151 121 &#081;, Q | 11371 16l &#ll3; q
18 12 022 Device Control 2 50 32 062 &#050; 2 8252 122 &#082, R 114 72 162 &#114; r
19 13 023 Device Control 3 51 33 063 &#051;, 3 83 53 123 &#083;, S 11573 163 &#115; s
20 14 024 Device Control 4 52 34 064 &#052; 4 84 54 124 &#084; T 116 74 164 &#116; t
2115 025 Negative Ack. 5335 065 &#053; 5 8555 125 &#085, U 117 75 165 &#117; u
22 16 026 Synchronous idle 54 36 066 &#054; 6 86 56 126 &#086; V 118 76 166 &#118; v
23 17 027 End of Trans. Block 55 37 067 &#055; 7 87 57 127 &#087, W | 11977 167 &#119;, w
24 18 030 Cancel 56 38 070 &#056; 8 88 58 130 &#088;, X 120 78 170 &#120; x
2519 031 End of Medium 57 39 071 &#057, 9 89 59 131 &#089; Y 12179 171 &#121; y
26 1A 032 Substitute 58 3A 072 &#058, 90 5A 132 &#090;, Z 122 7A 172 &#122; z
27 1B 033 Escape 59 3B 073 &#059; ; 91 5B 133 &#091; [ 123 7B 173 &#123; |
28 1C 034 File Separator 60 3C 074 &#060; < 92 5C 134 &#092; \ 124 7C 174 &#124; |
29 1D 035 Group Separator 61 3D 075 &#061;, = 93 5D 135 &#093; ] 125 7D 175 &#125; }
30 1E 036 Record Separator 62 3E 076 &#062;, > 94 S5E 136 &#094;, ~ 126 7€ 176 &#126;, -~
31 1F 037 Unit Separator 63 3F 077 &#063;, 7 95 5F 137 &#095; 127 7F 177 &#127; Del

asciicharstable.com
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62/100

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7

Text Comment. Research is limited and should extend to more than just the configuration
information.

PAGE 8

PAGE 9

PAGE 10

PAGE 11

PAGE 12

Text Comment. The design looks good and the state diagram is clear.

PAGE 13

PAGE 14

Text Comment. This is explained well.

Text Comment. Should point out here that the main function is where the configuration is
included.



PAGE 15

PAGE 16

Text Comment. Explained well.

PAGE 17

PAGE 18

Text Comment. This is correct.

PAGE 19

PAGE 20

PAGE 21

PAGE 22

PAGE 23

PAGE 24

PAGE 25

PAGE 26

PAGE 27

PAGE 28

Text Comment. The state part is explained, but it should be noted that the while loops for
inc and dec and at the end is to counter switch bounce.

PAGE 29

PAGE 30

PAGE 31

PAGE 32

PAGE 33

PAGE 34

PAGE 35

PAGE 36

Text Comment. The end function call takes the string created as an argument for the LCD
function call.This is how the data gets displayed on the LCD.




PAGE 37

PAGE 38

PAGE 39

PAGE 40

Text Comment. The LCD function call is used in the same way for all the created arrays in

the functions. It passes the array strings as arguments for the LCD function call and displays
on the LCD.

PAGE 41

PAGE 42

PAGE 43

PAGE 44

PAGE 45

PAGE 46

PAGE 47

PAGE 48

PAGE 49

PAGE 50

PAGE 51

PAGE 52

PAGE 53

PAGE 54

PAGE 55
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JOSHUA BEER

RESEARCH-INFORMED LITERATURE

(

y“ This could be much better and should extend to
more than the registers. .6/15 The research is weak
and more academic sources could have been used.
4/10

KNOWLEDGE AND UNDERSTANDING

10/25

(

y‘ Introduction gives a good overview. 3/5 The
configuration is there but needs a better
explanation. The system design is good. 6.5/10
Some points were not covered with code
explanation.6.5/10

ANALYSIS

16/25

(

y‘ The testing is good and covers the CAD and dev
board which shows the compatibility of the Proteus
CAD architecture.8.5/10 Conclusion is good. This
could have included recommendations and the
compatibility factor with CAD and dev board. 6.5/10

PRACTICAL APPLICATION AND DEP.

15/20

(

y‘ Practical application is good and the prototypes
were built and combined together for the final
system. A little more involving the prototype stages
could have been included in the explanation. 6.5/10

15/20




The testing is substantial. 8.5/10

SKILLS FOR PROFESSIONAL PRAC.

(

y‘ The report is good. 3/5 Team working is good. 3/5 6/1 0
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