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1. Introduction

This assignment will look at designing an embedded system using a microcontroller
and the use of the PIC 16F877 and HP488 development board. A suitable design will
need to be designed built and tested.

The first part of the assignment will look at research into the features of the
microcontroller and will include research on the timer set up and registers for the
microcontroller and an investigation on the PIC 16F877 chip specifications and ports.
The research will look at a written explanation and the use of images and data

sheets to explain the features.

The design will be written in MP lab with the use of proteus design studio for the
simulation. The assignment is asking for an alarm clock to be designed with the user
being able to set the time and date from the design studio, set and enable an alarm,
use the system with three buttons and output the design to a piece of hardware on
the HP488 board.

The assignment asks for the main objectives the be covered which is to carry out the
research as described above, create a state diagram to enable the operator to use
the equipment simply and efficiently, design and test the code as its being built in
stages and produce a test table, and download the program to the test board and
practically test the system.

The assignment will be concluded and any recommendations will be included at the

end of the assignment.




2. Research

Timer Set Up and Registers

The system requires correct timing in order to function correctly and operate the
alarm clock accurately, this is done by implementing an ISR, this is an interrupt
service routine and means the systems stops to perform the ISR if the qualifier is
active. The time base used for the project is created with the application of an
oscillator clock, this clock will determine the speed that the system will run in a scan
time.

The timing is inserted internally to the ISR so that the program can update and run
the time as soon as it receives a base time qualifier. The interrupt which will be
utilised for the PIC 16F877 which is used in the assignment is the ‘TIMERO’ interrupt
and below in figure 1 will show a timer block diagram.

CLKOUT (= Foscl4) Data Bus
u % :
RA4TOCKI — v SYNC
\ X
D> :
|H" = ! Cycles
TOSE hes
Sel Flag Bil TOIF
on Overflow
FeETEEEEEEEE- l
o M l 8-hit Prescaler I
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Timer | |
| 8- 1o~ TMUX — PS2IPS0 |
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WOT Enable bit
MUX PSA

WDT
Time-out

Figure 1: Block Diagram TIMERO

Two additional registers are to be added to the system to enable the TIMERO to work
which are the Option register and the Intcon register. These registers are explained
below with the addition of diagrams explaining their operation.




The Options register is loaded with the binary inputs value of 0b10000111, figure 2
below shows the option register loaded with these values. The binary representation
along the top of the data sheet shows the bit number with the value ‘1’ and the
middle text of the data sheet explains what each of the commands are doing, For
example Bit 5 makes use of the clock TMRO and transitions on RA4/TOCKI pin.

RW-1 RAW-1 RW-1 RW-1 RIW-1 RW-1 RAW-1 RW-1
RBPU | INTEDG | TOCS TOSE PSA Ps2 Ps1 Ps0
bit 7 bit 0
bit 7 RBPU: PORTE Pull-up Enable bit

1 = PORTB pull-ups are disabled
o = PORTH pull-ups are enabled by individual port latch values
bit & INTEDG: Interrupt Edge Select bit
1 = Intermupt on rising edge of RBOJINT pin
0 = Interrupt on falling edge of RBO/INT pin
bit 5 ToCS: TMRO Clock Source Select bit
1 = Transition on RA4/TOCKI pin
0 = Intemal instruction cycle clock (CLKOUT)
bit 4 TOSE: TMRO Source Edge Select bit
1 = Increment on high-lo-low transilion on RA4TOCKI pin
0 = Increment on low-t0-high transiion on RA4/TOCKI pn
bit 3 PSA’ Prescaler Assignment bit
1 = Prescaler is assigned to the WDT
0 = Prescaler s assigned to the Timerd module
bit 2-0 P52:PS0: Prescaler Rate Selecl bils

it 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 1-84 1.32

110 1:128 1.64

111 1-956 1:128
Legend.
R = Readable bit W = Writable bit U =Unimplemented bit, read as ‘0’
- n = Value at POR "1' = Bt Is set ‘0" = Bit Is cleared ¥ = Bit Is unknown

Figure 2: Option Register

The next register is the INTCON register, this register gives the capability to interrupt
the system with TIMERO so is critical to operate the system. The INTCON registers
has the ability to be a writable and a readable register, and contains a variety of bits
which can be enabled for the interrupt sources. The Name of the register INTCON’
stands for INTurrpt, CONtrol. (Pictutorials, 2017)

The Register below in figure 3 has been set with the binary value of — 0b10100000,
and as above with the options register the data sheet below shows what each
command is allocated to what bit in the system.




bit 7

bit 5

bit 4

bit 3

bit 2

bit 0

RwW-0 R0 HiW-0 Rw=0 KWl R0 RAW=-U RW=X

GIE | PEE | TWE | WTE [ RBIE | TOF | INTF | RBIF |

7 bt 0

GIE: Global Intermupt Enable bit

1 = Enables all unmasked intermupls

0 = Disabies all interrupts

PEIE: Peripheral Interrupt Enable bit

1 = Enables all unmasked penpheral intermupts

o = Disables all perpheral mlermupls

TOIE: TMRO Overflow Intermupl Enable bit

1 = Enables the TMRO intermupt

o = Disabiles the TMRO interrupt

INTE. RBO/INT Extemnal interupt Enable bit

1 = Enables the RBOINT external interrupt

o = Disables the RBOMINT external intermupt

RBIE: RE Forl Change Intemupl Enable bil

1 = Enabies the RB port change intemupt

o = Desabiles the RE porl change nlermupt

TOIF: TMRO Overflow Interrupl Flag bit

1 = TMRO register has overiowed (must be cleared in sofltware)

o = TMRO register did not overflow

INTF: REIVINT External Interrupl Flag it

1 = The RBIVINT external interrupt occumed (must be deared in software)
o = The RBIVINT éxternal intermupt did not oceur

REBIF' RB Port Change Interrupt Flag bit

1= Al least one of the RB7 RB4 pins changed stale; a mismatch condiion wall continue 1o sel

the bit. Reading PORTB will end the mismatch condition and allow the bit o be cleared
(must be cleared in software).
o= MNone of the RB7.RB4 pins have changed state

Legend
R = Readable bil W = Wnlable bit U = Unimplemented bil, read as '’
-n = Value at POR 1" = Bil is set 0 = Bilis cleared  x = Biti5 unknown

Figure 3. INTCON Register

With the two registers now operating and the time for TMRO set, a one second time
is now required which is done with the calculation below. There is an overflow in the
system which is set at the value of 256, so the required value needs to be under 256.
This is achieved using a pre scaler. Figure 4 below shows the setting for the pre
scaler and the value that will be used for the calculation to achieve the 1 second is
taken using the highest value on the settings, at 1:256 which makes all bits set to
111 as per the data sheet.

BIT Value TMRO Rate 49152 / TMRO Rate <256 Yes/No
000 150 24576 No
001 1:4 12288 No
010 1:-8 6144 No
011 1:16 3072 No
100 1:-32 1536 No
101 1:64 768 No
110 1:128 384 No
111 1:256 193 Yes

Figure 4: Pre scaler settings




The calculation is as follows;

= 4915200HZ

Cycle time (instruction) = @

_ 1
4915200

= 0.2us

The time increment = 0.2 x 256 = 51.2us
Count 10ms === =195 (2 taken away for the error) = 193

The pre load count then = 256 — 193 = 63

The pre load count is then pre-loaded in the timer TMRO to achieve the delay for the

interrupt which is 10ms.
The code in the system:

=2 milli += 10;
= if (milli == 1000);
Each time the interrupt happens the value for the ‘milli’ will be increased by ten, 100

seconds will pass before the ‘seconds’ will then increase by the value of 1.

=100 X 10 = 1 second

The config is not detailed enough. The
research should include other MCU's
with limitations and go further than the
config explanation.




PIC 16F877 Microcontroller

The PIC 16F877 chip is a very widely used and popular microcontroller used in
modern technologies. This Micro controller offers a wide range of advantages such
as its competitive price, its strong and robust build quality to high standards, the
many applications that it holds and the simplicity to use. The table below, figure 5,
shows some of the general features found on the PIC16F877. (Circuits Today, 2015)

Single cycle instructions (Excluding program branches)
RISC CPU High performance
368 x 8 bit RAM Memory
Pin out to PIC 16C77, PIC 16C76, 16C74B.
Clock input 200MHz, Instruction cycle 200nS
Power on reset (POR)
Voltage range 2.0v — 5.56v
IInterrupl capability 14 sources

Figure 5: General data sheet PIC 16F877
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Figure 6: PIC 16F877




Above in figure 6 shows the pin diagram for the PIC16F877, this chip can be found in
three different packages as shown above in the image. The chips key features are
as follows, a frequency operating at 20MHz, the chip has three timers, four input
ports (RA-RD), five output ports, two CCP modules, two serial comms ports, a PSP
port, and a 10 bit analogue to digital module with 8 channels. The chip also has a
memory of 368 bytes and a flash memory of BKB or 14 bit words. (Circuits Today,
2015)




3. System Design & Specification

The system design for the assignment was use a PIC 16F877 as explained above in
the research, along with the HP488 development board to design build and test a
digital alarm clock with the use of a two line LCD and three pushbuttons RA1-RA4.
The system will be spilt in to three main parts, setting the time and date, setting the
alarm time and activating and de activating the alarm.

Setting the date and time;

To set the time and date this procedure must be designed and operated, press
button 2 to enable the hours to be incremented with the use of button 3. Press button
2 again to toggle through to set the minutes, day, date and month with button 3
incrementing each of these variables. A press of button 1 will save the values set
and return the system to normal operating mode.

Setting the Alarm

The use of button 1 when selected in normal operating mode will allow for the alarm
display to be activated giving the user the option to set the alarm. The heading
‘ALARM’ will appear on the screen which mans the press of button 1 has
successfully opened the alarm setting window. The use of button 2 can then change
the alarm hours and minutes and button 3 can be used to increase the alarm hours
and minutes. As above button 1 can then be pressed to save the alarm and return to
the normal operating display.

Activating the alarm

In normal operating mode button 3 can be pressed to activate and deactivate the
alarm, when this is done the symbol of an exclamation mark (!) is displayed and this
shows the user the alarm is set or not set.

The system will work on a state system design, a state system has a list of every
state the program can operate in or be set to. A state diagram has been produced
below in figure 7 to show every state of the system built and what pressing each
button will do or what state will be set. The state diagram is basically a flow chart
giving a clear representation of what happens to the system when each button is
pressed and how to navigate through the system. This state diagram is essential for
a user as it acts as an instruction chart and without it the program may be misused
or not operated to its full capacity.
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State: 0
Display Date, Time,
Days, Alarm, Year

Increment by %]

One State- 1

Set Hours, Display
: Time
Decrement by
One

Increment by

State: 2
Set Minutes, Display
Time

Decrement by

Increment by

e State: 3

set days, Temporary
display
Decrement by

One

Increment by

State: 4
Set Date, Temporary
i display
Decrement by
One "

Increment by

State: 5
Set month,

Temporary display
Decrement by

One

Increment by
Statez 6

Set Years, Temparary
display

Decrement by
One

Figure 7: State Diagram For system

State diagram for Clock

Return after delay

State: 7

Save all, retumn to
normal conditions

11

State: 8
Display Date, Time,
Alarm and sat Alarm

Hours e

Increment Hrs

by One
State: 9

Display Date, Time, —
Alarm and set Alarm
Hours

Decremeant Hrs
by One

Increment mins

State: 10 By e
Display Date, Time,
Alarm and set Alarm
Minutes

Decrement
mins by one




Health and Safety and Ethics

Health and safety is a massive part of the modern engineering world and plays a key
role for In this case the lecturer and students. The college has its own health and
safety policies which apply from a wide range of variables from to the equipment
used in rooms, the condition of the buildings and the rules adhered to on campus.

The main health and safety points followed for this application were as follows,

1. Ensure the college was open, with lecturers present in the teaching rooms
and persimmon was granted to enter the rooms.

2. Exits were free from obstructions and clearly indicated

3. Safety PPE was acquired and used when carrying out practical activities

4. Seats and tables were in good working order and the correct amount of
personal space and postures were adopted

5. All electrical equipment was PAT tested with a suitable sticker present before
using the equipment.

The code created was either created by the author of this assignment or taken from
the lecturers notes in an open source such as Moodle or the public drive, the
information used was taken from reliable credited sources and referenced correctly
using Harvard style were applicable.
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4. Software Design

The code was built over a number of sessions in the college lab and was built in a
number of different programs which were modified and added to over time until they
were added together to the main file to complete the system. This main file is what
will be explained with a number of screenshots taken of the program to shown the
individual parts of the program and explain what is happening in each part.

The programs crated were done in a sequence so that the program could be built on
and added to achieve the next step, the first programme built was the code to display
and adjust the time. This was then added to in another program to display and adjust
the date, these two programs were then added together and tested to ensure there
operation before the programme was taken further. With the test done and positive
results the alarm was then programmed with the alarm set feature added in another
programme which was tested individually then added to the main programme and
tested to the proteus project and all the stages and states tested as per part 5 pf this
assignment.

The explanation of the code is as follows from the top of the programme down to the
bottom with key areas screen grabbed and explained.

Code explanations
Part 1 — Head or Main file setting

ginclude <piec _h> //Head or main file
#include "LCD.h™ //Head or main file
void DisplayTime (int line); SSFunction Prototype for Programme
void DisplaySetTime (int line) ; //Function prototype for Programme

void DisplayState (int line) ;

void DisplayDate (int line) .,

void DisplaySetDate (int line) ;

void DisplayAlarmTime (int line) ;
void DisplaySetlilarmTime (int line) ;

Figure 8: Head or Main file

This part of the code is located at the very top of the program, its function is to
defined the names of the functions prototypes for what they will be called through the
program, the functions are also in order of what they will be programmed through the
code. As explained above the programme was built in an order and added to so
when they were all brought together in this main code file they were in order as built
so that they operate correctly.

13




Part 2 - Global variables and Interrupt

void Delayiint €£): f/Funetion prototype

int milli=0, secs=0, minsg=10, hours=Z3, state=0, days=2Z5, month=1l2Z, f/global variables used for final values for tims and date
day code=4, year=2015 alarm hours=0, alarm mins=0, alarm=Q,

temp_hours=0, temp mins=0, temp_state=0, temp day ecode=0, temp days=0,

temp_month=0, temp_year=0, temp_al_hours=0, temp_al_mins=0; //global wvariables for temy

volid interrupt ISR (woid

if (TOIE==1)
TOIF = 0; f/Beset the interrupt flag, set to zero
THRO = 255
milli += 10;
if(milli==10 FrIf milli equals 10

SecE ++; f/lncreaase the seconds by 1
milli ec o Zero
1f (secs==c0

ming ++;
asce 0;
if imins==¢0

hours ++4;
mins 0;
if (hours==24

days ++; //Increase days by 1
day code ++; //Increase day code by 1
houzrs = 0;

if (days=31

. month ++; ffIncrease

days 1; f78
if (month>1z2

Yyear ++: sfincrease year by 1
menth 1; //Sets the month to 1
if(day_code==7) day_code=0; f/IE day_code equals 7 then day_code=zero

Figure 9: Global and Interrupt

Figure 9 above shows the global variables are set by taking them out of the main
loop and defining them outside, these variables are used throughout the code as
variable values. The Interrupt ISR section comes next, this section will control the
timing used in the system and project. The ‘if statement comes first and is used for
the program looking for a value or variable to be selected or met then 'if’ this is met
the program will continue.

The first ‘If' is for the TOIF, when or ‘If' this interrupt flag is met the system will reset
and move on to the next stage of preloading the value of 255 into TMRO. The next
part is the timing, one cycle is 10ms so 100 cycles will be equal to the 1 second
needed for the program. Once the value for 10 is reached the program will continue.
The seconds then moves on to the minutes were once 60 seconds is reached it will
move on to the minutes then after 60 minutes is reached it will move on the hours as
above. The hours then looked for a cycle of 24 hours before its moved onto days and

14




then this looks for 31 days which once reached moves onto the months, which again
will look for all the months set at 12 months and after all this it will increase the year
by 1 to indicate a change in year. This is then repeated and represents a basic clock.

Part 3 — Main loops

fATEEEEE T EFA i iridirirrdriririirifdriilired/ FAEEEEAA AT i i rildddirrdlidirridliilsy

‘/Main Function

int time;
TRISA = OxFE; //Configure port A = 1111 1111
TRISE = 0Ox0 figure port B = 0000 0000
TRISC = Ox00; figure port C = 0000 GOOD
ADCON1 = 0Ox07; figure ADCON1 = 0000 0111

OPTICN_REG = O0xB7; figure OPTION_REG = 1000 0111
INTCON = Ox&0; K, figure INTCON = 1010 0000
IMRO=255; //Pre=leoading TMRO

LCD_Startup () ; //Function header, runs functien in LCD.c

rlmd Tom (1 SIS mwe s s

Figure 10: Main loop

This part of the code is where the device is set up for inputs and outputs and the
registers. The registers for the option register and the INTCON register are also set
in this part. The values for TRIS1, TRISB, and TRISC are also set as shown in the
comments section alongside the code.

The value calculated for the pre load is then entered into the TMRO which as above
is 255 for this program. The LCD_Startup function is then defined and this is taken
from the library which is built by an external source and inputted into this system.
The file is not part of the assignment so it can be taken from the library along with
other files in this system.

15




Part 4 — Super loop

while (1l
ir month==1 month==3 month==5
/*1f month egqual=s 1 or 3 or 5 or
montht+t;
days = 1;
if ( (month==2) 35 (days>Z28) 45 (yeazr: 4 !=0

/*If month equals
divide by 4

(not
month++;
days = 1,

if ( (month==1Z) 4% (days>31
yearrt;,
month = 1;
days = 1;

if (day_code==7) day_cocde

Figure 11. Super Loop

2 and days

& leap year)*

//Start super-loop

month== month==28) | | (month==10) ) £& (daya>31
or 8 or 10 and days > 31%/
Increase month b 1
Set days to 1
and year does not

//Increase month by 1

f/this Set days to 1

//If month equals 12 and days > 31

{/Increase 1

month t©

year by

te 1

f/thisSets the days

n

This super loop starts by looking at the days in the months, because there is a
different number of days in some months this Is addressed in the first two parts by
looking at the months with 31 days, the if statements then activates each month with
the first statement being for the months with 31 days, then second statement for the
months with 28 days and after4 years becomes a leap year. The third statement
looks at the months reaching 12 months which will increase the year and the final
statement looks at a full week cycle of 7 days.

16
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Part 5 — Alarm

if (alarg==1 //If alarm equals 1 step in
if ( (hours==alarm hours) &:& (mins==alarm mins})// || (retained_alarm==1
*If hours equals alarm hours and mins equals alarm mins or retained)alarm equals 1 step in*/
RAD = 1; //this Set output RAQ to 1
if(alarm==0 //If alarm equals zero step in
RAO = 0O; // this Set output RAOD to zZero

Figure 12: Alarm set

This section of code is looking to see if the alarm is activated, this will then check to
see if the actual time is the same at the set alarm time to activate the alarm through
RAQ. If the alarm actual time is not the same as the alarm set time then it will be set
at 0 at RAO, until the time is reached. Then second part says if the alarm has not
been set then RAQ is always set to 0 as it has no output.

Part 6 — Switch state

switch (state) f/this will contzel flow depending on state value
case 0: //Case 0, run if state eguals 0
DisplayTime (d); f/Function header, runs DisplayTime function prototype
DisplayDace(l);
temp_hours = hours; f/Sets temp hours to equal hours

temp _mins = mins; f/8ets temp mins to equal mins
temp_day code=day code;

temp_days=days;

temp_month=month:

temp_year=year;

if(RAl) state = 8;
AE(RAZ) state = 1;

equal to 1 set state to equal B8
equal to 1 set state to equal 1

if (AR3==]1 /f/If RAS is agual to 1 step in
if (alaxrmx==0 f/If alarm equals zero
alarm 1; //Sets alazm to equal 1
else //Else command, if alazm is not equal to zerc step in
alarmr = 0; f/this will sets the alarm to zereo
break; //This will break out from each case

Figure 13: Switch state
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This part looks at the switch statement, this refers to the state diagram and is set out
in the same fashion of following each state in order. The first case (0) is the standard
display of the clock, this is show with the display time and date statements which tell
the clock to show the time and date. The temp variables come next and these are for
when the operator decides to change a value for time or the date but as it's a temp
statement the normal time will continue. RA1 Ra2 are the buttons for selecting a
different function as per the diagram and Ra1 can then be pressed again to save the
values as above. Ra3 is for the alarm and will see if the alarm is off or on.

Part 7 — Case 1

cane 1

DisplaySesTime (0);

if (RR4 [/If RR4 = 1

whi Le (RA4 This will cause the value to decrement by a value of 1

Tamp_heours--; //daceramant The TaEp |
ititemp_hours=<0} cemp_houra=23; //If temp_hours is

break //This will break cut from each case

Figure 14: Case 1

Case 1 is for the function of display set time, Ra1 and Ra2 are used to select the
variables to set the time as per the state diagram and they will set the system to
another state. Ra3 is used to increase the hours and Ra4 is used to decrease the
hours both by the value of 1.
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Part 8 — Case 2

case 2:

DisplaySetIime (0);

if (RRl) state = 7;
if (RAZ) state = 3;
if (RA3

Temp_minstt;

if (cemp mins>53

if (R4

while (RR4

Delay(100);

temp_mins—-;

if itemp_minsg<0

break:

Figure 15: Case 2

temp mins=0;

f/f This will

temp_ming=55;

, run if

//Functicn headex,

If RAlL is equal
If PAZ is equal
If RA3 is equal

temp mine is

/FIEf RAE is =

/fdeccrease temp_mins v

(If temp_mins is

//This breaks cut

cause the value

tate eguals 2

runs DisplaySetTime function prototype
to equal 7
to equal 3

to 1 set state
to 1 set state

te 1 step in

S@ temp mins by 1

greater than 53 set to zero

i
to decreease by 1

ue by 1

al
greater than 59 set to zero

from each case

Case 2 is similar to case 1 but it now looks at the minutes instead of the hours in the
same order you would set a clock or read the time. Ra1 and Ra2 again are used to
select the different states and Ra3 will increase the minutes and Ra4 will decrease

the minutes.
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Part 9 —Case 3and 4

cage 3
DisplaySetDatae (1) ;

if(RAl) state = 7;
if (RAZ) state = 4;
if (RA3

temp day codet++;
if (cemp day code>€&)vemp day code=0;

ffCase 3, zun if state equals 3
f/runs DisplaySetDate function prototype

fFIE RR1 is
f/IE RAZ is
f/IE RA3S is

//Increment

if |RR4 f//LEf RA4 is equal to

while (RA4);
Delay (100);
temp_day_code—-;

break;

Figure 16: Case 3

//fend if RA

equal to 1 zet stata
equal to 1 set state
equal to 1

temp day code by 1

to equal 7
te equal 4

f/This will break out from each case

Case 3 is the same as above but setting the day codes now in the same fashion as

case 1 and 2.

wasm 4
Displaysetdace
LTIRAL] atate
AT[RAZ] state = ©
LFIRAS

temp_dayati;

L0 ivemp_month-<1) | | [semp_month
“If tamp menth aguals L osr 5o 5 er 7 e @ ar 10 ams asp

temp_days = 1 /Set days te 1

L0 temp_momth==1] 4% [temp_days>28) ii temp_yeazt &

2111 thenp_mansh 41 | vemp_mensh

temp_monche- 4

duym grester =ham 3

LF 0 v menih 40 || vemp_meneh 4| (e mansho 80| (vemp_menshoo AL 6s semp_dayerd

Figure 17: Case 4 part 1
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Temp_asys——;

if temp month==1 temp_month==3 temp_month==5 temp month==7 temp month==8
temp_month==10 temp_month==12)) & (temp_days<l
*If temp month equals 1 or 2 or 5§ or 7 or B or 10 and temp_days greater than 31 step in*/

temp_days = 28; //Set days to I3

if [ (temp month==2)i&

*If temp_month eq r than 29 and
4 divids into year step in (1
temp_days = 23; //Set days to 23
if _month==4 temp_month==§ cemp_month==5 cemp_month==11)) i (vemp_days<l
f*LE month equals 4 ex € or 9 day tear than 320 scep in*/
temp_days 30: //Set days to 30

Figure 18: Case 4 part 2

Case 4 is used to display the date of the system, this part also allows the date to be

set and looks at using ra3 and 4 to increase and decrease the days. The program
will then process through and check the number of days in the selected month in
order to decide which month it is in by the known number of days in each month.
This will also check then for a leap year.
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Part 10 -Case 58 6

case 5 e 5, run if state egquals 5

DisplaySetDate (1} ; Function header, runs DisplaySetDate function prototype
if (RAl) state = 7;
if (RA2) state = &;
if (RA3 1£

21 is equal to 1 set

A2 is equal to 1 set =
1

|
|+

temp_month++; Increment temp month by 1

if (temp_month>1Z) temp month=1; If temp_month is greater than 1Z set to 1

if (RA4 I

RA4 is eqgual to 1
while (RR4} ;

Delay (100} ;

temp month--;

if (temp month<l) temp month=12; If temp _month is less than 0 set to 12
break; #/This breaks out from each case

Figure 19 Case 5

This part of the code looks at case 5 which is setting the date, ra1 and 2 are the
same as above were they follow the states and can select the date part of the clock.
Ra3 and 4 are then used again the increase and decrease the month values through
the 12 months.

case E: f/Case &, =n
DisplaySetDace(l); f/Function header, =
if(RAl) state = 7; fIIE s equal toc 1 set state toc equal 7
if(RAZ) stace = 0; rs, s equal to 1 set state to equal O
i1E (RA3 fF/IE RA3 is equal to 1
temp yeartd; //Increment temp_year by 1
if (RA4 J/IE RA4 is equal te 1
while (RR4):
Delay(100);
temp year—-—;
] /fend if RR4
break; //This breaks ocut from each case

Figure 20: Case 6

This part is similar to the section above but it is looking to set the year, ra1 and 2 is
as above were they are used to select the state and ra3 and 4 will increase and
decrease the year. The year value should really only be increased but in some cases
the date may need to be changed to a past year for testing purposes.
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Part11 case7& 8

case 7
DisplayTime (0] ;
DiaplayDate (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 = semp_al mins;
Delay (100);
state = 0;
braak;

case £:
DisplayDate(l);

DisplayAlarmTime (0]

temp_al_hours = alarm hours;

temp al mins = alarm mins;
if (RAL) state = 0;

if (RA2) state = 9;
break;

Figure 21: Case 7 & 8

f/Case 7, run if state equals 7
//Function header, runs DisplayTime function prototype

f/This Set

//This Sets mins to equal temp mins
Sata
Sets

//This day code to equal temp day code

//This Sets days to equal temp days

//This Sets month to equal temp month

//This Sets year to equal temp year

//This Sets alarm hours to equal temp_al hours
//This Sets alarm mins to equal temp_al mins

//Function header, runs Delay function prototype

//5ets state to equal zero

//This breaks out from each casze

//Case 8, run if state equals 8

f/Function header, runs DisplayRlarmDate function prototype

//This Sets temp_al_hours to equal alarm hours

'

f/This Se temp_al mins to egual alarm mins

egual te 1 set state to egual 0

egual to 1 set state to egual 9
his breaks out from each case

Case 7 is the section were the temp values which can be set and changed without
changing the actual time value, are saved and set to be displayed on the screen of
the clock as the new value. The alarm which is edited is also saved and is now an

active alarm.

Case 8 is where the alarm value set by the users is then displayed to the screen and
ra1 will return to standard display and ra2 will set the alarm time.

23




Part 11 —case 9 & 10

case 5:
DisplaySethlarmTime (0) ;
if (RAl) state = 7.
if (AA2) state = 10;
if (RA3
temp_al hours+t;

if (temp_al hours>Z3

ak;

Figure 22: Case 9

//Case 9,

//This

temp_al hours=0;

breaks out

zun if state equals S
£ RAl is equal to 1 set state to egqual 7
RAZ is equal to 1 set state to equal 10
is equal to 1 step in

f/Incramant :Erp_al_hsur; by 1

//If temp al_ hours is greater than I3 set to

from each case

This part of the code looks at case 9 which is for setting the alarm values for the
hours. The time will come up on the screen and the operalor can then adjust the
alarm times with ra1 and 2 to select hours and ra3 and 4 to increase and decrease

the values.

casze 10
DisplaySetAlarmTima(0);

LE(RAl) state = 7;
Lf (RAZ! state
if (RA3

temp_al mina++;
if (temp_al mins>53

break;

while (RAL Aaz BAZ)

Figure 23: Case 10

//Increment temp_

temp_al_mins=0;

£ state equals 10
rurs Displ

mTime function prototype

/fLf temp_al mins is greater than 59 set to 0

BAZ aze

active do nothing

This part of the code looks at case 10 which is for setting the alarm values for the
minutes. The time will come up on the screen and the operator can then adjust the
alarm times with ra1 and 2 to select minutes and ra3 and 4 to increase and decrease

the values.

The final part of the program is the line starting with the ‘while’ statement which ends

the super loop.
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Function Definitions

The function definitions are the next main part of the system, this piece of code in the
system is the area were the commands called for in the main program are carried
out. When a price of the function definitions are defined into the main program as
shown above, the code will carry out the command and then once completed return

to where it was in the program.

woid DisplayTime (int lins

char tima_sering[1€] = {0, 0, 0, 0, 0, 0, 0, 0, O, O,
iflalarm==1
time_string(0] = (char) hours / 10 + 48;

cime_strangll] char) hours % 10 + 48;

time_stzingli] =

cira_scr 1 chay) wming / 10 + 48
iz 3 ] = |char| =dns % 10 + 48;
cime_s
tize_s

time sering(7]
Cize_atz 1

stringli3) =
time scring(l4

tize

char 33;
tima_stzing[15] = 0;

if lalarm==0

time_string(0] = (char) hours / 10 + 43;
1 houra % 10 + 43;
mins

mins % 10

eima_sering

time_stzaingll3)] =
cime_str

time_stzring(15] = O

DisplayString (line, time_stzing):

EIERTIIETIIEFEE I FRETIRES

Figure 24: Display time function

0, 0, 0, 0, 3, 0};//Lacal string declarad with 16 elemants

the firsc
the second hour digit. 48 aquals the asci code for 0
the
the
the 2

digit. 48 equals the asci code for 0

t. 4E aguals ths asei &
it. 418 egquals the asci

no

0 in vhe last stcing

f/If alarm iz equal to O step in

r digit. 43 equals ©

igiz. 48 equa

ute digit. 48 agquals the asci code for 0

inute digit. 45 equals the asci code for ¢

f/Sands the string te the LCD en line 0

(/IALEPLAY R8T TLimé FURCTAON S/ SSSITIE LT II IR LTI TiAFEIEFT

The code for the display time starts off with a void key word, this key word instructs
the program to not look for a return when the code is completed. This is followed by
the key word int line which means the value for line has been taken from the main
program into this function definition program or piece of code.

The next part is the declaration of the arrays, these arrays declare a time string in
the value of (0) with 16 elements. The char at the front of the array means the (0) is
represented by a value in an ASCII sheet. The zero in the sheet is equivalent to a
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null character which gives a blank screen before anything is set. The value for the
alarm section will decide what is displayed onto the LED screen.

The code inside the alarm section starts with the first 2 lines being for the clock
hours with the first line displaying the first hour digit and the second line displaying
the second hour digit. The ASCII value for 48 is 0 as shown in the comments. The
third line will then display the value for nothing on the clock. The fourth and fifth lines
are the same but for the first and second minute values. Lines 6 down create a blank
space on the clock with the apostrophes and blank space displaying null on the clock
display. The displaystring function along the end of this piece of code is used to
display the values to the LCD.

[ wei¢ DispiaySesTima int lins
char time_stzing(l€]l = {0, ¢, 0, @, 0, 0, 0, 0, 0, 0, €, 0, 0, 0, 0, 0};//Local string declazed with 16 eslements
ifialazm==l //1f alarm i3 equal to 1 step in

time string(0]

time_string(l]
time_string(Z

char| temp hours 10 + 48;
char] temp_hours % 10 + 44;

time_string(: char) temp _mins / 10 + 48;
time_stzing (4] char) temp_mins % 10 + 48;
vime_sszing (5]

time_stzing

Time_string (7]
Time_stIing
time_string(]
time_ssring(10]
time szring(l

time_string(l
time_string(1l
time_string(l
time_string[15]

char) 23

ifialazz==(

time string(0 char) temp hours 10 + 48;
char] temp_hours % 10 + 48;
time_string(?
time_string(:
time_stringl4
time_stzing (5

time_stzing

char) temp_mins / 10 + 48; L
char) temp_mins % 10 + 48; i s inute digit. 4 quals the asci code for O

time_string
Time_stIingls
time_string
tima string(10]
time scring(ll]
time string(12]
time_string(13

B W admm s ® N D

time_string(14]
tima_string[15] 0: 0 in the last string

DisplayStzing (liaw, vime_stziag): //Senda vhe svziang o the LCD oa liae 0

Figure 25: Display Set Time

This part of code for the display set time is very similar to the code explained above
for the display time, and is used to change the time values. Temp hours and mins
are used to work out the ASCII values.
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The next part is the display date section. This is a large section of code
screen shots will be shown and an explanation after.

- rehar
char
char

chae
- iehar
char

= ichar
char! 3.
- iohar

ehar

= ichar
char) 73

aap_cods e aqasi za 6

char

26: Display date

-

char 70
= aharl 63
- (ahar

= ighar
= (char
abar) 82

™
month_string

A¢ imemthesd e i3 oqual ta 4

month_stringi0l = (char! &
char) 20
1) = (ear) 82

abar
= iahar
= (char

momth_tring 4l = 0
AL monthe=g

eape = ehar

< ichar
whar

]

F:'g;;g 2?Dasp.f:eay date 2
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CasplaySising (inu, date_sising

Figure 28: Display date 3

This part of the code is for the display date section, figure 26 starts the part of code
with the three arrays being declared. The local strings have 5 elements assignment
and are similar to explained previously in the assignment. The day code is then next,
this part will output three values which will indicate the day, a variable for the day
code will increase each day and display the actual day with the if statement for all
seven days as shown in figures 26 and 27.

The month if statements are next and have one for each month to give a total of 12
statements. Like above the system will output three characters in each if statement
to indicate what day of the month it is and uses the ASCII table to work out the letter
for the number calculation.

The last section as shown in figure 28 puts all the information gathered for the days
and months and outputs them to the LCD display. The first three lines are for the day
display in the ASCII value and are followed by a space. Then date is then displayed
followed by the month represented in ASCI| values. There is then another space
followed by the year displayed. This is ended with the displaystring keyword which
calls from the Icd.h file and outputs to the LCD screen. The display set date piece of
code which follows this code is very similar but it's used for editing the outputs with
temp functions.
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The next part is the display alarm time section as shown below in figure 29.

veid DisplayAlazmlime (int line

chay alazm stzinglis] = (0, 0,

alazm_stzingl0]
alarm atring(l]
alazm svzin
alarm string (3]
alazm stringld]
alarm string(&]
alazm_sszinglsl
alarm string (7]
alazm stzing(8)
alarm_strin

- lchar) alazm heuzs / 10 +
chay) alarm hours & 10 + 4

char) alarm mins /
char) alamm mins

alamm_stzin = lchar

GE;
alarm string| char) T€;
alazm_stzin; = (char} 65;
alarm ssrin char) 32;
alarm string = {(char) 77:

alarm srring|

DisplayScringiline, alarm sering

Figure 29: Display Alarm time

]

48 equals the azei code for 0

the agsei code

i code 77 M
//Thia Ends the string by placing O in the last scring

//Sands the ts the LCD sn lins O

This section looks at the display alarm time, this section is used to display to the
operator what the alarm is set too, and it uses the same arrays and set out as the

coding above.

veid DisplaySetAlezmlime int line

char alazm_stzingllé) = {0, 0, 0, 0, 0, 0, 0, Q,
alarm string(d] char) vemp_al_hours / + 48
alarm_stzingll] char) temp_al_hours % 48
alarm string i

alazm_string[3] char) temp_al_mins / 10 + 48:
alarm stringid)

char) cemp al mins & 10 & 48;
alarm_string(5) = ]
slazm_stzin
alarm strin
alarm stringl3] =
alarm string(s]

I = ichar

alarm_string(

slazm stzing(l1] char)
alarm strim = (char
alazm_stzing| = {char
alarm sering(lé char
alarm_string(15] = O;

DisplayStringiline, alarm string);

Figure 30: Display set alarm time

. 48 equals the asci

. 48 equals the as

te digit. 48 squals the asci code

Displays ths sse ute digit. 48 eguals the ame: sode for O

creates

creates

acing 0 in the last string

line 0

Figure 30 shows the display alarm time piece of code which is used them as above
but to change the values of the alarm time.
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void Delay(int t) // Starc of function

int i;
Forii=0;4i<e;i++);

+ local variable)This declares an int varziable

statemen

¢ store whele numbecs*

= remain true,

"), i<t long as"), i

1l continue tc do nothing creating a delay*/

veid DisplayState (int line

char state_stzingl(8] = {0, 0, 0, 0, 0, 0, 0, O};
state_string(0] = ;
sgace_stringll
state_string[2]
state_string[3
atace stringl4]
atate_string (5] :
state_string([&] char) state + 48
stace string([7] 0;

DisplayStringiline, state_string);

Figure 31: End of Code

Figure 31 above is the end of the code for the system, the delay key word is there to
delay the program before it is broken out and returned to the main program. The last
part of the program which has the display state is used as a fault finding part and
refers back to the state diagram above in the assignment.
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5. Testing and Analysis

Following on from the construction of the system and program comes the testing
stage. The test table below shows each individual state and test that can be carried
out. Testing is very important as the program may build successful but could be
containing bugs in the system and not operate correctly. Below in figure 32 shows
the clock system built in the proteus design suite which the code is written to in order

to test the system.

O T T el =] =] =[] fl]
CECUCIKN P e W "HOQ: B
ST R
. — 2
RADUND RBE4
RALNI Ri [t
RAZANIAREF- RRSPTG [
RAMANIAREF RETRO [~
RATOCK] I
RASNAEE ROOTIOSOMICK = 8
RCAT10SICCP2 =il
ReaccPy [T
E RCVSCRBCL =5
FEZUANT, RCASDNSOA |22
RCSEDO (25
ROTRUDT 2
s
roopaR [t
rmvesp: L
roersra [T 20
resr [ 2
nowpsp [
ROnPEPE (s
HOLPERD (ot
ROTPSFT ==
PICHEFETT

Figure 32: Proteus Clock design

The test table is inserted below and contains a test for each and every state in order

to efficiently test the program for its function.
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State of Procedure
Machine
Normal
0 Display (Date
and Time)
Hours
1 Increase by 1
Hours
1 decrease by
1
Minutes
2 Increase by 1
Minutes
2 Decrease by
1
Day Increase
3 by 1
Day
3 Decrease by
1

Results

expected

Normal
Display

1 hour
increments
with RA3

1 hour
decrements
with RA4

1 Minute
Increments
with RA3

1 Minute
Decrements
with RA4

1 Day
Increment
with RA3

1 Day

Decrement
with RA4

32

Proved results

BN nnn

L1 P LT

VEE
]
Lol
E

1

BEH232E85

v
oo
VEE
RS
L
E
Do
o1
oz
o
[
o5
os
or

UBY g5, mzmazass

484 25. =znazass

28Y p¥. scsaasas

Pass/Fail

Pass

Pass

Pass

Pass

Pass

Pass

Pass




Date
Increase by
1

Date
Decrease by
1

Month
Increase by
1

Month
Decrease by
1

Year
Increase by
1

Year
Decrease by
1

1 Date
Increment
with RA3

1 Date
Decrement
with RA4

1 Month
Increment
with RA3

1 Month
Decrement
with RA4

1Year
Increment
with RA3

1 Year
Decrement
with RA4

S8Y ek espazses

488 g, zasmaaass

480 9%. szuszsss

ves
Voo
VEE

2%u B5HBASEE

88U 9z, ssmmzams

3280 pE. ssomzase
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Pass

Pass

Pass

Pass

Pass

Pass




10

1"

12

Values set
saved by
pressing

RA1

Display
alarm time

and date

Increase

alarm hours

Decrease
alarm hours

Increase
alarm

Minutes

Decrease
alarm

minutes

Returns to
Normal
Screen with
New Set
Values
Entered.
(Dates are
not accurate
to Real
Time)

Press Ra1
and alarm
time is
displayed
Press Ra3 to
increase
alarm hours

Press Ra3 to
decrease
alarm hours
by doing full
hours cycle
Press Ra3 is
when
minutes
selected to
increase
Press Ra43
when
minutes
selected to
full cycle to
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884 g3, ssmB3nss

8B pE. msmmamas

88Y uE. mzumaszs

BBY pE. mzmmzEss

] o e e ) e P e e e e |

llll ul- II llnln'uuu'u'
= D A B 8 B =l A

Pass

Pass

Pass

Pass

Pass

Pass




Procedure

Correct
displayed
time

Day
increases
when time
passes full
24hrs

Date
Increases
when time
passes full

24 hrs

Month
Increases
with the date
increasing

Year
Increases
with
increasing
dates of the
full 12
months

decrease

minutes

Result
Expected
Time on
Clock should
match real
time
Day changes
from Sunday
to Monday
when clock
cycles 24 hrs

Date
changes from
1Janto 2
Jan after 24
hrs

Month
changes from
Jan to Feb
with
increasing
dates

Year to
change from
Dec 2018 to

Jan 2019

Proved Results Test Step

N/A 1

[o%]

8BY 9E. mammaass

88 g%, msmazsas

'

484 pE. mzmmaszs
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Pass/Fail

Pass

Pass

Pass

Pass

Pass




Shows when The display 6 Pass
alarm is on should : :
indicate a (!) TUE |
when alarm 2BY pE. mammmsss
is activated

The testing stage proved successful and the program operated as expected with no
faults, the final conclusions and recommendations will evaluate this in more detail.

Figure 33: Code for 10ms

The above code in figure 33 is set up for the value of 10ms limited by the PIC
16F877 internals. The scope value is shown below and needed to be changed to
become 1 second as per the calculation in the research. Below in figure 34 is 5ms
per division. So 2 x 5 = 10ms.

Figure 34: 5ms per division
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The Below code in figure 35 has been changed and set up for the value of 1 second.
This is done because the system limited by the PIC 16F877 internals. The scope
value is shown below in figure 36 and has been changed to become 1 second.
Below in figure 36 is 20ms per division. So 20 x 5 = 1 second.

Figure 35: Code for 1 second

Digital Oscilloscope = ]
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<

Figure 36. 20ms division
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The HP488 board was connected to the computer and the system was downloaded
onto the board and tested as below. The clock on the LCD screen is the same as the
one designed in proteus to give a clear understanding of testing.

Figure 37 Clock in Normal Mode

Figure 37 above shows the board powered up and operating in its normal state, the
clock is showing a date which is not true to the time it was tested but it shows the
clock is operating.

Figure 38: Alarm Active

Figure 38 above shows the clock with the alarm active, as stated above in the
assignment the exclamation mark shows the alarm is active and set.
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Figure 39. Setting alarm

Figure 39 above shows the clock in the alarm setting were the alarm can be set by
pressing Ra1 and then ra3 & 4 to increase and decrease the values for hours and
minutes.

Figure 40: Alarm set to 4:00

Figure 40 above shows the alarm being set to the time of 4:00am and is incremented
and decremented with ra3 and ra4, this proves the project works when testing down
onto the HP488 board.
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6. Conclusions and recommendations

The assignment aimed to make use of the PIC 16F877 microcontroller and the
HP488 development board along with an embedded system C program to design an
alarm clock as per the assignment brief. The embedded system was designed and
the system was tested as per the assignment brief.

The research was designed to investigate the timer set up along with the PIC 16877
specifications and ports, the research helped to gain valuable information and
knowledge on the microcontroller which was then used to help to design and explain
how the system worked. The timer set up also gained good knowledge and helped
towards designing the system. The research covered all areas asked and was
explained with the use of block text and images and data sheets, this gives the
reader a broader understanding and shows the use of theory and application.

The system was designed to meet the required specifications, the user was able to
set the time and date without effecting the real time and then save to display the
changed time, the user can set and alarm along with activating and deactivating the
alarm with the click of a button. The LCD screen was implemented and displayed the
correct values with the correct spacing and locations, the output could then have an
LED attached to indicate the alarm if required.

Overall the design testing and simulation was a success, the system work as
required and no problems were encountered, a newer microcontroller would provide
better use and a recommendations and updated computers and monitors working at
a faster speed could prove useful in the future.
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8. Appendix

=
=

Dec HxOct Char Dec Hx Oct Himl Chr |Dec Hx Oct Himl Chr]| Dec Hx Oct Himl Chr
0 0 000 NUL {(muall}) 32 20 040 &#32: Space| 64 40 100 &#64; B | 96 60 140 &#96;
1 1 00l 50H (start of heading) 33 21 041 c433; ! 65 41 101 «#65; L | 97 €1 141 «#97; 4
2 2 002 STX (start of text) 34 22 042 &#34; " 66 42 102 «§66: B | 98 62 142 &#98; b
3 3 003 ETX (end of text) 35 23 043 &#35: # 67 43 103 «#67: C | 99 63 143 «#99; C
4 4 004 EOT (end of transmission) 36 24 044 &#36; 5 63 44 104 «#68; D [100 64 144 +#100; d
5 5 005 EHD (encuiry) 37 25 045 &#37: % 69 45 105 &«§69; E |101 &5 145 &#l0l; =
6 6 006 ACK (acknowledge) 38 26 046 &#38: & 70 46 106 «#70; F |102 66 146 «#l02; £
7 7 007 BEL (bell) 39 27 047 &#39; 71 47 107 &#7L; G |103 67 147 &#103; ¢
& 6 010 BES (backspace) 40 2§ 050 e#40; 72 48 110 &#72; H |104 65 150 &«#104; b
9 09 0ll TAE (horizontal tab) 41 29 051 s§4l; ) 73 49 111 «#73; I |105 69 151 &«#¥105; i
10 A 0lz LF (ML line feed, new line)| 42 24 052 &#4d; * 74 4h 112 «#74; 7 |106 64 152 «#106; 3
1l B O0L3 VT (vertical tab) 43 2B 053 s#43; + 75 4B 113 «#75; K |107 6B 153 «#107; k
1z C 0l4 FF (NF form feed, new page)| 44 2C 054 &f44; , 76 4C 114 «$76; L |108 6C 154 «#108; 1
13 D 0L5 CR (carriage return) 45 D 055 &#45; - 77 4D 115 «#77; M [109 6D 155 «#109; 1
14 E 0l6 50 (shift out) 46 2FE 056 &#46; . 78 4E 116 «#78; N |110 €E 156 &#1l10; n
15 F 017 3I (shift in) 47 2F 057 &#47: 7 79 4F 117 «#79; 0 |111 &F 157 «#lll; 0
16 10 020 DLE (data link escape) 45 30 060 &fdd; O 80 50 120 «¥80; P [112 70 160 «#112; p
17 11 021 DCl (device control 1) 49 31 061 &#49; 1 61 51 121 &#81; 0 |113 71 161 &#113; ¢
1§ 12 022 DCZ (device control 2) 50 32 062 &#50; Z §2 52 122 «#82; R |114 72 162 &#ll4; ¢
19 13 023 DC3 (device control 3) 51 33 063 &#51; 3 83 53 123 «#83; 5 [115 73 163 «F1l15; =
20 14 024 DC4 (device control 4) 52 34 064 &#52; 4 64 54 124 «#84; T |116 74 164 «#ll6; ©
2l 15 025 NAK (negative acknowledge) 53 35 065 &#53;7 5 85 55 125 «#85; U |117 75 165 &#L17; u
22 16 026 3TN (synchronous idle) 54 36 066 &#54:; 6 86 56 126 «#86: V [118 76 166 «#118; 7
23 17 027 ETE (end of trams. block) 55 37 067 &«#55; 7 87 57 127 «¥87; W [119 77 167 &«fLll9; W
24 18 030 CAN (cancel) 56 38 070 &f56; 8 88 58 130 &#88; ¥ |l120 78 170 &#l20; %
25 19 031 EM (end of medium) §7 39 071 &#57; 9 §9 59 131 «#89; T |12l 79 171 &f121; ¥
26 1A 032 SUB (substitute) 58 3A 072 &§58; : 90 S5A 132 &#90; Z |122 7a4 172 «$1l22; 2
27 1B 033 E5C (escape) 59 3B 073 «#59; ; 91 5B 133 «#91; [ |123 7B 173 «#123; {
28 1C 034 F5 (file sepatator) 60 3C 074 &#60; < 92 5C 134 «#92; \ |124 7C 174 +#124; |
29 1D 035 G& [(group separator) 61 3D 075 ef6l: = 93 5D 135 «#93: ] |125 7D 175 &#125; )
30 1lE 036 RS (xecord separator) 62 3E 076 cff62; > 94 SE 136 «#94; ~ |126 7E 176 4«f126; ~
31 1F 037 U5 (unit separator) 63 3F 077 &#63: 2 95 5F 137 «#95: _ |127 7F 177 127 D

(AsciiTable, 2010)
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