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1. Introduction

This assignment had a number of learning outcomes and assessment criteria to meet, the primary
criteria to meet was to use a suitable embedded programming language to control and operate a
range of on-board peripherals attached to a microcontroller-based embedded system. For this
assignment, the target design to be developed is a calendar alarm clock - an appropriate design
approach was utilized where an embedded programming language and a number of software
packages were used in order to achieve this. To work as an effective calendar alarm clock, the
system needed to have a number of functions, such as:

- Afunction for setting the time and date
- Afunction allowing the alarm to be enabled at a desired time in the future
- Afunction allowing the alarm to be turned off and on

The aim of this report is to highlight the findings of the research done towards the methodology of
creating the microcontroller-based embedded system and also to highlight the process involved in
designing the final product.

reasonab
le intro. A
diagram
would be
useful
here.




2. Research

Joseff Jones

Prior to tackling the main tasks in the assignment, information on the PIC16F was taken from the
official datasheet of the chip; that datasheet provided details about the PIC such as operating
frequencies, number of interrupts, size of data memory, size of flash program memory, number of
timers, number of I/0 ports, and available packages. The specific chip being used in the assignment

would be the PIC16F877.

Key Features PIC16FB73A PIC16FB74A PIC16F876A PIC16F87TA
Operating Frequency DC - 20 MHz DC - 20 MHz DC - 20 MHz DC - 20 MHz
Resets (and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
(PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OST)
Flash Program Memory 4K 4K 8K 8K
(14-bit words)
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory (bytes) 128 128 256 256
Interrupts 14 15 14 15
1/0 Ports Poris A, B, C Ports A.B,C,D,E Poris A, B, C Ports A, B,C,D,E
Timers 3 3 3 3
Capture/Compare/PVYWM modules 2 2 2 2
Serial Communications MSSF, USART MSSF, USART MSSP, USART MSSF, USART
Parallel Communications — PSP — PSP
10-bit Analog-to-Digital Module 5input channels | 8 input channels | 5 inpul channels | 8 input channels
Analog Comparators 2 2 2 2
Instruction Set 35 Instructions 35 Instructions 35 Instructions 35 Instructions
Packages 28-pin PDIP 40-pin PDIP 28-pin PDIP 40-pin PDIP
28-pin SQIC 44-pin PLCC 28-pin SOIC 44-pin PLCC
28-pin SSOP 44-pin TQFP 28-pin SSOP 44-pin TQFP
28-pin QFN 44-pin QFN 28-pin QFN 44-pin QFN

Figure 1 - PIC16F877 Device Features From (Datasheet, 2018)

The above figure shows multiple features of the PIC16F877 (shown in the column on the right) such
as the amount of interrupts and number of I/0 ports. Important to note is the EEPROM data memory
size, which is 256 bytes — this is a sufficient amount of memory for the type of program being
designed; the amount of I/0 ports is also apt.
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Configuring the Timer

In order to get the system to time itself correctly, an interrupt in the code was utilized which uses
the timer (whether that’s internal or externally driven) to determine the period for 10ms; the timer
in this case was called TIMERO. In order to get the correct preload count, two registers needed to be
configured: OPTION and INTCON registers. An example of setting the register for the OPTION
register would be OPTION_reg = Ob10100000, which can be deciphered using the table below which
translated the register.

Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
REPU INTEDG | TOCS TOSE PSA PS2 PS1 PSO
1 0 0 0 0 1 1 1

Figure 2 - Reading the Register

The table shows that bit 7, “RBPU”, is disabling pull-up resisters, bit 6, “INTEDG”, interrupt on falling
edge; bit 5, “TOC5”, uses internal clock, bit 4, “TOSE”, is showing the low to high transition, bit 3
“PSA” uses a prescaler and bit 0 “PS0” to 2 “PS2” shows the prescaler rate set to 1:256 (111) (4.
Timers, 2018).

From that, it can be seen that 0b10100000, which was used in the actual coding, would disable the
pull-up resistors (bit 7) and would use the internal clock (bit 5) and would leave everything else.

In order to configure the TMRO correctly, the correct preload count for the timer needed to be
calculated. Knowing that the oscillating frequency that is being used is 1966800Hz and that there are
four pulses per instruction, the actual value can be calculated to be:

1966800
— = 4915200HZ
The timer’s period can then be calculated using:
256 = 51.2us

4915200

Note - 256 is the prescaler value. In order to get the desired 10ms count, the timer’s period needs to
be used:

( 10ms

51.2us) =2=13

Note — 2 was subtracted from the value to account for error. The final step to determine the correct
TMRO preload value is to take away this value from the initial preload count value:

256 — 193 =63

Therefore, in order to get the desired 10ms interrupt delay, the preload value needs to be 63.
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3. System Design & Spec

The design process for the calendar alarm clock was broken up into three parts — the system design,
the software design, and the practical. The first part of the process was the system design, where
software called Proteus was used to design and to later simulate the system.

System Design

To begin designing the system, the first thing to be done was to decide upon a processor for the
system — the PIC16F877 was chosen as it was both fast and economic enough with sufficient pin-
outs to use in the design of the calendar alarm clock. The pin diagram for the PIC16F877 was
obtained from the data sheet and is shown in the figure below.

WeANe —=1  / wf-— mrreo
RADAND -—e[] 2 % [] =—a RBAPGC
RATAN! =—e=[]3 38 [] - R8BS
RAZ/ANZVAEF. w—e[] 4 37 [] =— RB4
RAIANIVAEF -—=[]5 % [ = mBIrcn
RASTICK! =—e[] 8 35 [] w—e ABZ
RASANSSE =—e[]7 < ¥ [] =—s RB1
REQ/RDIANS =—=[] 8 r~ 20 [] =—e rBOINT
RE1WRANS =—=[] 2 @« 2[]=— v
RE2TTSANT =—[1 10 R 31 [ =-—vss
Voo — [ 11 E 30 [] = rRO7/PSPT
V5SS —men L 42 =] 28 [] =— FD3/PSP8
OSC1/CLKIN —=[] 12 G 28 [] -~ ROSPSPS
OSCLCLKOUT ——[] 1% i ] - FO4PSP
COTIOSOTICKI =—[] 15 25 [] =~ RCTRXDT
RCUTIOSUCCP2 -—e-[] 18 25 [] = RCATHCK
RC2CCP1 -—e[] 17 2¢ [] =—» RCS/SDO
RC¥SCK/SCL =—[] 18 23 [] =—»= RC4/SDUSDA
ROOPSPY -—=[] 12 22 [] =—» ROIPSP3
ROVPSPY =[] 20 21 [] =—» rOZPSP2

Figure 3 - PIC167877 Pin Diagram According to Datasheet

While the pin diagram above showed 40 pins, the Proteus software which was being used to design
the system showed the PIC16F877 as having fewer pins, and that's because the software didn’t need
to use those pins (such as VCC, VSS, VDD etc.) to correctly analyse/simulate the system. How the PIC
is shown on Proteus is shown in the figure below.

(S|
122 oscicLim REONT
1 oscarckout FBN [t
L PRI THY FA2 —.35'
== REGPGH [
Ao Raniano RB4 1731
= Rat ian Fes |
—] Razian2ivREF- REEPGC [at
2] RASIAN3AREF re7PoD | AL
i RALTOCK a1
NSRSl o Research should extend further
- — L1 .
ﬁ Ejﬁ% ] 7% with more relevant sources.
182 Rezianiics RCASDISDA 22t
RCS/SDO (et
RCBHICK [
RCTARHDT [
| =13
ROOPSFO
ROTPSP1 |4
RDZPSP2 [
I RD3PSP3 |52
RO4PSPY 2
ROSPSPS [—ad
ROGPSPE [
RO7PSPT L
PICIGFBTT

Figure 4 - PIC167877 on Proteus
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State Diagram

The system that needed to be designed was built with the assistance of a state diagram. The state
diagram was developed by first making a state table — a state table describes each possible state of
the system as well as the result of applying inputs to each state; since there are four inputs, there
are four or fewer possible outputs of each state.

Result of Applying Input

State Action RAL RA2 RA3 RA4

0 Normal display of time and date Go toState 8 Go to State 1 Toggle Alarm On/off No output
1 Allows hours to be set Go toState 7 Go to State 2 Increment hour by one Decrement hour by one
2 Allows minutes to be set Go toState 7 Go to State 3 Increment minutes by one Decrement minutes by one
3 Allows day to be set Go toState 7 Go to State 4 Increment day by one Decrement day by one
4 Allows date to be set Go toState 7 Go to State 5 Increment date by one Decrement date by one
5 Allows month to be set GotoState 7 Go to State 6 Increment month by one  Decrement month by one
& Allows year to be set Go toState 7 Go to State O Increment year by one Decrement year by one
7 Saves the temporary variables and gotoState 0 Nooutput  Nooutput  No output No output
8 Displays the message "ALARM" Go toState 0 Go to State 9 No output No output
9 Allows alarm hours to be set Go toState 7 Go to State 10 Increments alarm hours  No output

10 Allows alarm minutes to be set Go toState 7 Go to State 8 Increments alarm minutes No output

Figure 5 - State Table

From this state table, the state diagram could be developed. The state diagram is alike a flow-chart
in that it describes the result of inputs with the use of a diagram — these are important because
some people can read from these better than from tables. The figure on the following page shows
the state diagram.
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State 0
Normal display of
time and date

State 7
Saves the temporary
variabias

State 1
Allcws hours to be  f—i
zat

State 2
Allows minutes to be f——
sut

' Statel
Allows daytobe [~
sut

Stata 4 -
Allows dateto be |

State 5

Allows month to be
sal

Key: RA1
A2

RAZ

RA4
St 8 B »

Allows year to be  |——

Figure 6 - State Diagram

The above state diagram was created using the https://www.draw.io website, and the state table for reference.

State diagram is clear and well
presented.
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The design of the system involved four switches, the PIC16F877, the LCD and four resistors
connected between the switches and the PIC, all grounded. That system is shown in the figure

LCD1
LhTBL

888 p¥. szmmazss

e

An LED was connected to RAQ in order to test the alarm system, as RAD is the alarm clock output.

10
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Practical

Once the system was designed and the software was developed, the program could then be
uploaded to the board where it could be used as a functioning digital calendar alarm clock. The
following figures show the functioning program display the correct information on the LED.

Figure 8 - Practical Board 1/3

The above figure shows the LED screen displaying a functioning clock with hours, minutes, day, date,
month and year. The clock was ticking continuously and in time, and the minutes looped to 0 from
59 and the hour incremented correctly.

11




Figure 9 - Practical Board (2/3)
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The above figure shows the exclamation point (!) on the LCD, which indicates that the alarm is set.

12




Figure 10 - Practical Board (3/3)
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The above figure shows the state in which the alarm can be set — as indicated by the word “ALARM”

on the top right of the LCD.

13




Joseff Jones

4. Software Design

The next part of the process to be done was the coding — the following section shows the process
behind the coding for the calendar alarm clock; all coding was done on MPLAB.

Coding

The coding for the calendar alarm clock was all done in one long program - the following figures

contain the complete program, with comments within the actual coding and comments within this
report after each figure.

//Heades filw o
//Aeader £1s o

void DisplayTimeiine line):
void DisplaySetTime int line):
id DisplayState int line
DisplayDate 1
DisplayZetDy
void DisplayAlarmTime (int line) ;
void DisplaySetilarmTime int line):

void Delaylint v,

int milli=0, sees~0, mins=50

, hours=23i, day code~Z, days~l, moanthr1Z

year=201¢, scaver0, alar alarm mina=0, simesuz=0, slare=0
temp_hours-0, temp_mina-), temp_day_code-0, temp_days-0, temp month-l,
tuop_yeaz-D, temp_al_hours-(, tesp_al mins-0, temp_state-0; glebal varisbles

void interrupt ISR (woid

1f1TOIF=1

secs
milli

if (secE==E3

mins
secs = 0;
Ll mina— €0

monsh ++
daya = 1
if (manth>12

year ++;
=ontk =

il (day_code==7) day_code=0; #/12 day_code egquals 7

then day_code=1eIc

Figure 11 - Coding (Section 1)

The above figure is the first part of the code. This part of the code includes the header files, which
are used to fetch .h library files, function prototypes, which are used to declare the display values for
the LCD as int values; and global variables, which are used to declare the number of variables within
the program. The next part of the program begins an interrupt which uses the timer and then
describes when the clock should cycle from milliseconds to seconds to minutes to hours to days and
finally to months. The “TMRO = 255" preload value is for simulation purposes anly, as when the
program is used practically, that value is changed to 63.

14
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FAREIFLAETAETTEFEEFEETEEFT IR ELFSEETET AR AT ET AT TR ISP EAF A G SR FIE T E T T F AT i b E I ddTEA AP A T
void main(void //Main Function

TRISA 0x1E;
TRISB = 0x00;
TRISC = 0x00;
ADCONL = 0x07;
CPTICH_REC - Ox27;
= 0xB0;

= 100
1010 0000 in h

LCD_Startup runs function in LCD.c
while(l //Start super-loop
if mench monch==3 s nth==7 h==8 h==10} ) &5 (days>31

or 7 or 8 or 10 and days > 31%/

o
"
w
o &
"
w

wath equals 1

month++; //Increment month by 1
days = %; //Set day to 1
if ! imonch==2)&& (days>28) && (years 4 !'=0

ponth equals 2 and days > 28 and vear does not
divide by 4 (ot a leap ymaz)*/

manth+ //Ineramant manth by 1
days 1; //Set days teo 1
if [ imonth==12)&& (days>31 //1£ month equals 12 va » 31

year#
month = 1
days = 1;

if (day code=7) day coda = 0;

Figure 12 - Coding (Section 2)

The next section of the code begins the main function of the program, this includes the configuration
of multiple ports and registers, the startup of the function of the LCD, and a super-loop. The super-
loop contains how the program manages the amount of days in each month, how the program
manages leap years, and how the program manages the amount of days in a week.

DisplayState(l); // displays cthe state on line 1 of LCD
if{alarz=1 /f1f alarm equels 1 step in
if( (hours=-alarm hours)ss (minse«alazm mins))//| | (retained al) )

/*If hours equals alarm hours and mins equals alarm mins or retained)alarm equals 1 step in*/

RAD = 1; //Set cutput RAD to 1
if(alazm 0 //LS Blarm eJuals zero
RO = 0; //Sat oucput RAO to zers

Figure 13 - Coding (Section 3)

The next section of the code determines what happens when the alarm is on the on state and on the
off state — when the alarm is on the on state, the alarm will play when the clock’s time is equal to
the alarm’s time.

15




awitch (state

case 0:
DiaplayTime (0);
DisplayDate (1
temp_houzs = hours;

temp _mins = mins;
temp_day_ceda = day_coda:
temp_days = days;
temp_month = month;
Temp_yeax year;

state = 8;
staca

if (RA3==]

if (alarw==0
alarn
alse

alarz

break.

case i:
DisplaySetTima (0);

iF(RAl} state
iF(RAZ) staze
AE(RA3
temp_hourats;
if (vemp _hours>Z3
f (RR4
while [RAd);
Delay(100);
texp_hours
if (vemp_houra<o
break:

f/IE RAI

Temp _hours=:ii;

Joseff Jones

ntrols flow depending on state value

se 0, run if state equals 0

netion header, runs DisplayTime function prototype

equal mon
equal year

iz equal to 1 =

if alszm is not equal to zexe step da

fElss command,

alarm to zero

//This breaks out from each case

£u

to equal

o aqual 2

ceamp_hours=0; // 23 st to zers

F/If RR4 = 1

/ifdeccremant temp_hours by

® greater than I3 #eT To 2eIC

F/IZ cemp_hou

#/This bzeaks out from sach case

Figure 14 - Coding (Section 4)

The next section of the code introduces a switch case where states and their functions are
determined. In state 0, temp values are set to actual values, this is there in order to alter the actual
values using the buttons on the system. The state also scans for when either RA1 or RA2 buttons are
activated, and then sets the program to either state 8 or state 0 respectively. It also scans for RA3;
when RA3 is pressed, the alarm turns on if it's already off, or off if it's already on. In state 1, when
RAL is pressed the program goes to state 7, and when RA2 is pressed the program goes to state 2.
RA3 increments the hours by one, and RA4 decrements the hours by one.

16




case Z:
DisplaySetTime (0);

if(RA1) stace = 7
if (RAZ) state 3;

if (RA3)

camp_ming+t;
if [temp_mins>53

Joseff Jones

JFIL RE

/I

set state to equal 7
set state To equal 3
1 step in

RAZ is equal to 1
JfIE RA2 is equal to 1

//Incremant temp _mins by 1

temp_mins=0; 53 set to zero
Af RA4 A/I2 PR4 is = 1
while (RA4);
Delay (10
temp_mins F/decczement temp_mins by 1
if (cemp_mins<0) temp_mins=53; FiIT temp is greater than 5% set to zZero
break; //This breaks cut from each case
case 2 atate equals 3
DisplaySetDate (1. ¥, runs DisplaySetDate fur
if (ARl state = 7; 1 is equal to 1 set state to wqual 7
if [RAZ) stace = 4; is equal £e 1 set state to equal 4
iE(RA3 is equal to 1 step in
temp_day codets; wment temp day
if {temp_day_code>d) temp_day_code=0://1f temp_day_code is greater than  set To zero
if (RAd JFIE BRA = 1
whila (RR4
Delay(1D0);
temp_day_code //deccrement temp_: ode by 1
il lcemp_day_code<0) temp_day code=§; A1 cemp_day_ is less than 0 set to €
break; //This breaks out frem each case
case 4 e 4, run if scate aquals 4
DisplaySetDate (1) ; header, runs DisplaySetDate functic
iE(HA1] stace 1 is equal to 1 set state to equal 7
if [RAZ) state = 5; is equal to 1 set state to equal &
if (RA3 RA3 is equal To 1 step in
temp_days++ £/ by
1f(([temp monch=sl tamp_monthes3) | Tamp_mench tamp_month=sg

| {temp_month==10

if =

/*If temp m

4 dges net divid iate yeax step in
TeEp_days 1

1t (temp_month==l) il (texp_da
temp_days = 1;

it (1 icemp_month==4) | | (cemp_mon

/412 cermp month equals 4 or €

temp_days = 1,

Figure 15 -

temp_month==13) ) id
h aguals 1 ax 3 or & or

or 8 or 10 and temp_days greater than 21 acep in¥/

/t8et days wo 1

¢ temp_days>if)ii temp_yeazy 4 1= 0
nth equals Z and temp_days greater than 29 and

not leap yeaxl*/
/3wt days o 1

9)ii(teamp_year: 4 0

/fSet days to 1

th==§ tamp_month==3 tamp monch==11) ) id(cemp_daya>30
ar 8 ar 11 ard temp days greater than 30 stap in/

/#Set days to 1

Coding (Section 5)

The next section of code covers the next three states — state 2 is for incrementing and decrementing
the minutes and resets the minutes to 0 every 60 minutes, and state 3 is for incrementing and
decrementing the days of the week and resets the day to Sunday whenever it surpasses Saturday.
State 4 is for incrementing and decrementing the date and required coding in the amount of days of
each month of the year; the figure above only shows the incrementing coding, the next figure shows

the decrementing.

17
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il (RA4 FFIf RAd = 1

while (RR4);

//deccremsnt temp days by 1

temp_month==3) | | (temp_month==5) | | (cemp_moath==7} | | (temp_month=«2)
temp_month==12))&& (temp_days<l
/+If temp_menth equals 1 S or 7 or 8 or 10 and temp days greater than 31 scep in*/
tamp_days = 31; //Set days te 31

2)ac ivemp days<l) i:(temp yeard & 0
month equals 2 and temp_days greater than 25 and

inot leap yeaz)*/

28; //Set davs to 29

if [ [temp_month==2) 55 (temp_days<l] i (temp_year’ 4 = 0)
temp moncth equalas 2 and temp days greater than 28 and

4 divids into year step in (leap peax)*/

temp days = Z35; /fSet days to 29
1€(( camp_month==4) camp_month==§ Temp_month==3 Temp_month==11)) &i (Cemp_days<l
/4If temp_month equals 4 or € or 9 or 11 and temp_days greater than 30 step in*/
temp_days 30; /fSex days to 30
Braak; f/This braaks sut frem sach cass

case &:
DisplaySetDate (1),

aquals &

2 DisplaySetDate

E{RA1) state = 7;
if (RAZ) state €;
FIRA3

ssz state o equal

et to wqual &

equal o 1 atep in

temp month++; £ mant temp menth by 1
if {temp_monch>12) temp _month=1; //If temp_month i= greater than 12 =et to 1
if (RA& FfIf RRE ™ 1
while (RR4) ;
Dalay (100

tezp_menth

if (temp_month<l) temp_month=12;

break; S/This braaks our fram sach case
Figure 16 - Coding {Section 6)

The next section starts in state 4 and determines that RA4 decrements the date. State 5 increments
and decrements the months.
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case & //Case €, xun if state equals &
DisplaySetDate /fFunction header, runs DisplaySetDate function prototype
if(RRl) state = 7 AfIf BAl is equal to 1 set state to equal 7
if (RRZ) state 0; /FIf RAZ is equal to 1 set state to egqual 0
if (RA3) J/If RR3 13 equal to 1 step in
temp year++; f/Increment temp year by 1
iE(RA4) =1
while (RR4) ;
Delay(l ;
temp_year--; //deccrement temp_year by 1
break; //This breaks cut from each case
case 7: //Caze 7,
DisplayTime (0); //Fanction icn prototype
DisplayDatei(l);
hours = temp_hours; //Sets hours to equal temp
mins - Lemp mins, //Sets mins
day_code temp_day_code; //Sets day code to equal temp day code
days = temp days; //Sets days to equal temp days
month = temp_month; //Sets month to equal temp_month
year = cemp_year; //Sets year to equal e _Y
alarm hours = temp_al_hours;: //Sets alarm hours to equal
alarm mins = temp_al mins; //Sets alarm mins to
Delay (100 ; //Function header, runs Delay function prototype
state = 0; state to equal zero
break; resks out from each case
case E: //Case B, run if state eqguals 8

DisplayDace(l
DisplayAlarmTime (0);
temp_al _hours = alarm hours; //Sets temp_al

Function header, runs DisplayRlarmDate function prototype

s to equal alarm houzs

temp_al_mins = alarm_mins; //Sets temp_al_:
if (RAl) state = 0O; //If RRl is equal to 1 set state to equal O
if (RRZ) state = 3; /FLE RAZ is equal to 1 set state to equal S
break #/This bresks out fzom wach case

case 5: //Case 9, run if state eguals 9
DisplaySetAlarmTime (0);
if (RAl) state = 7; //If RAl is equal to 1 set state to equal 7
if(RAZ) state = 10; //If RAZ is equal to 1 set state to egqual 10

step in

iF (RA3 //If BA3 is equal to 1

temp_al hoursis
if(temp_al hours>Z3) temp al hours=0;

cramant temp_al heurs by 1

hours is greater than 23 set to 0

break; //This breaks out from each case

Figure 17 - Coding (Section 7)

The next section of code covers the next four states — state 6 increments and decrements the year.
State 7 sets the actual values of the clock to the temporary values which were set using RA1, RA2,
RA3 and RA4; state 8 sets the alarm hours and minutes to the same values there set as the
temporary alarm hours and minutes. State 9 increments the alarm hours.
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casa 10:
DisplaySetAlazmTime (0 ;

if(RR1) state = T;
if(RA2) state = &;

AL (RAZ

temp al mins+s;
if temp al ming»58

braak;

while (RAL || RAZ || RA3);

tamp_al_minm=i;

//Thia breaks out

Joseff Jones

/#Caza 10, state eguals 10
//Function header, rums DisplaySetiAla

n prototype

FFLE BAl is
/F/If RAZ i3

equal to 1 set state b
equal to 1 set state &

f/IZ RA3 13 equal to 1

//Increment temp _al mins by 1

//I£ temp_al _mins is greater than 53 sat to 0

from sach cass

f/While RAl or RAZ or RA3 are active

State code is
explained fairly

FETIITETTIITETIT IR TF TSI I T I I T T IS F I TG AT FITIIF T I I I IS FIT R F T I IS I I LT F ST FIIFIG ST I LI F IR TR ST TSI id P T AFTFS I F
well. What about

volid DisplayTime (int line
char vime_svzingl(lé] = {0, 0, 0, 0@, 0, 0, 0,
ifialarr==1)
{
Time_string(o)]
time_stringl(l

char)
char)

hours / 10 + 48;
hours % 10 + 48;
time stringli] =
cime_stringli) =
Time_stringls)

time_string(s] =

10 + 48:
10 + 48;

char)
char)

mina
ming ®

time stringlé] =
time_stringl =
time_stzingl
time_stringl
time scring(l
tima_string
vime_string
time_stringll
time string
time_stringl

if (alarw==(

char
char

houzs
houza % 10 +

F 10 + 48;
487

time_stzingl0]
vime_stzing[1] =
tims_string[Z] =
time string[3] =
cims acring[4] =
tima sering(s]

char
char

+ 48;
0 + 44;

tima_scring(7]
time_string[d] =
time_string[3] =

time_string(10] = * ;
time_scring[il] = ' ';
tima_stringl :

tima_string[13]
time_stringl
vime_stzing[15]

}

DisplayString(line, time_string):

the while

//Local a::iag declared wicth 16 elamencs

statement at the
end. This is to
counter switch
bounce.

48 ascuals the asci ecoda for 0
42 eqguals the asci code Iox D

0, @, 0, O};

is equal to 1 step in

/Displays

48 equals the asci code for 0

48 equals the asci code for 0

s
/.
F,
S,

digie

& digit.
//Creates space
space
space
space
space
space
space
space
space
//fRacii code 33
stzing by placing 0 in che last

//Creates
//Creates
//Creatus
//Creates

//Creates
//Creates
//Creates

J/T# alarm im squal t£o 0 step in

//Displays £izst hour digit. 48

x digit.

equals the asci code foz 0
48 equals the asci cede foz 0

J/Dizplays
plays
F/Craatas
//Creates
//Cceates
/iCreates

th
the
space
space
space
space
space
space

ode for ©
code for 0

ite digit.
econd minute digic.

48 egquals the asci
48 =quals the asei

ates
//Creates space
space
space
space
s the stzing by placing 0 in vhe last stz

//Creatas
ffCreates

#/8ends the string to the LCD on lime O

Figure 18 - Coding (Section 8)

The next section of code covers the final state of the switch-case, state 10; which decrements the
alarm hours. Following the switch-case is a loop which is used to display the current time on the LED;
when the alarm is turned on an exclamation point (!) is shown on the LED, denoted by (char) 33 in

the ASCII code and in the loop above.

Must include the
'DisplayString' function
call at the end here
because it is the function
used in the LCD display.
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wvoid DisplaySetTime (int line

Joseff Jones

char cime_string(l (o, 0, 0, 0,90,090,0,0,0,0090,0, 0,00, //Local string declared with 1§ elemencs
if (alazm==1) //If alazm is equal to 1 step in
cima_string (0] Tarp_hours 10 + f/Disaplaya the firat hour digit. 48 saquals the aseci cods for 0
time_stringll Tarp_houza ¥ 10 + //Displays the second hour digit. 48 eguals the asci code fozr O
time_string (2] : //Displays the : digit.
time_string[3] = (char) temp_mins / 10 + 4B; //Displays the fizrst minute digit. 42 squals the asci cede for O
time string(4] = (char) temp mins % 10 + 45; //Displays the second minute digit. 48 equals the asci code for 0O
cime_string(s] pilw //Creates space
time string[e] ; f/Creates space
cime_scring(7 //Creates space
time_string voeg //Creates space
cima_string (8] ; //Czeates space
time_string[10] = " *; //Creates space
cima string(ll] = i //Creates space
time_string[1Z] ; f/Creates sSpace
cime string(13] ; //Creates apace
time_stzing [14] = (char) 23; code 33 = !
cime astring[15] = 0; the string by plac 0 in the last scring
if (alarm==0) f/If alarm i3 equal to O step in
time_string [0 char) temp_hours / 10 + 48; //Displays the first hour digit. 48 equals the asci code for O
time string[1] = (char) temp hours % 10 + 48; //Displays the second hour digit. 43 equals the asci code for 0
time_string (2] ” //Displays the : digic.
time_string[3] char) temp _mins 10 + 48: //Displays the first minute digit. 48 equals the asci code for 0
time scring(4] = (char) temp mins % 10 + 48; f#/Displays the secend minute digit. 48 eguals the asci code for 0
time_string (S i //Creates space
time_string [€] ey //Creates space
time sering(7] apace
Time_string (2] space
time string[S] = ; /f/Creates space
time_string[10] s //Creates space
vime_stcing [11] vy //Czeates space
time string[1Z] = ' '; space
tima_string[13] E aApace
time_string [14] = 7 //Czeates space
time string[15] = O; //Ends the string by placing 0 in the last string
DisplayString(line, time_string): //Sends the string to the LCD on line O
void DisplayDateiint line)
char day eode_string(S] = {0, 0, 0, 0, 0}; //Local string declared with & elements
char month_string {0, 0, 0, 0, 0); //Local string declared & elements
char date_string(16] = {0, 0, 0, @, O, 0, 0, O, O, O, O, 0, 0, O, O, 0};//Local string declared with 16 elements
if (day_code==0 F/LE day_cod 3 equal To zero
day cede_string(0] = (ehar) 83; //Aseii seds 33 = S
day codes_string(l] char) B5; //Ascii code BS = U
day_cecde_strimn = (char ffAscii code 7B = N
day code_string(3] "z /icreates spa
day_cods_svrin 0; ds the sczing by placing 0 in the last sor
if (day_eodaes S/IE day ecoda is equal ee 1
day cede_string[0] = (char} 77
day_code_stringl1] char) 78;
day_code_stzingl2] = (char} 78:
day code_string(3 ks
day cods_stringl4] = 0;
if (day code: f{Lf day code is equal to Z
day_coda_stzing char) 24:
day code_strim char} B5;
day code_szring(Z] ichar) €3;
day_code_string(3] = ' ';
day _code_stringl4] = 0;

Figure 19 - Coding (Section 9)

The next section of code includes a loop called DisplaySetTime for displaying the LCD values when
the time is being set for when the alarm is on and when the alarm is off. There is also another loop
called DisplayDate for displaying the days of the week on the LCD.
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if (manzh—1

menth_string
manth_string
month_stringl2
month_scring(3] =
maneh_steing (4]

if (monTh=sZ

month_string(0]
month_stringl
zmonth_string|
month_stzring[3]
month_stringl

if {month=—

month_string
month_string
month_string
monch_string
month_string

if (month=—=

month atring

month_string(

month string
month_string
menth_string

if (month=—5
month_string

monch_string
month _string

month_string(

month_string
if (month=—=¢

month_string
month_string

month stringl
month_satring(

menth_string
if (month=—7

month_string
month_string

monch_string [
month_string(

monch_string
if (month==
month_string

month_string
month string

month_string(

month_string

s WO
I

T

<har
char
char

char
char
char

2]
3] =
4]

T
[

S WM R D

iz equal to L

]
R

s tha sering by plasing 0 in zhe lase

//1f momTh 18 equal to Z

month is equal to 3

char) 77;
char) €5;
char) 82;

o

month is equal to 4

char
char
char

o

//1f month is equal to §

month is equal to 6

month is equal to 7

month is equal to 8

char
char
char

Figure 20 - Coding (Section 10)

scring

Joseff Jones

Similarly to the last section of the code, this section of the code focuses on what to display on the
LCD — specifically, this part of the code displays the months on the LCD.
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/*Dlaces day _code, days, month,
date_string[0] = day_ceode_string[0];
date_strin 1 = day_code_string|
date_string(Z] = day_cede_string(2
date_stzing(3]
date_stzin
date_stzingl

and year into the date_string*/

date_string(é]
date_stringl

date_stringl8] =
date_stringl3] =
date_strin
date_string(

month_stringl3];

1000 +

= month_stringl[0]:

month_stringl1]:
month_stringlZ];

L 34 48;

//Creates space

date_stringl
date_stzinm

DisplayString(line, date_string
4 DisplaySecDate (int lina)
char day_code_string(s

char month string(5]
char date_string(le]

if (temp_day_code==0)

day_code_string([0]
day_code_stzing(l]
day_code_string
day_cede_stzing[2]

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

//Sends the string to the LCD on line 1

o, 0, 0, 0};//Local scring

J/TE temp_day_code iz equal to zero step

ffRscii code B3 = §
ffRhscii code 85 = U
ffhscii code 78 = N
eates space

day_code_string([4] ds the string by placing 0 i
if (vemp_day_code==1) /L temp_day_code is equal to 1 step in

day_code_stziagl0] = -y

day_code_string[1] =0

day_code_string[Z char =N

day_code_string(3] e //creates space

day_ceode_string[4] = 0; s ds the string by placing 0 in the last string
if (temp_day_codes //If tamp_day code is egual te 2 step in

day_code_string(0] = (char) 84; //Ascii code 84 =T

day_code atring[l] = (char! 85; //hscii code B5 =T

day_code_string(z) char) €3; //RScii code €9 = E

day code string(3] i ffereates space

day_code_string[4] = 0; //Ends the string by placing 0 in the last string
if (temp_day code==3) //If temp_day code is equa

day_code_ string[0] = {(char| 87; //Racii code 87 =W

day_cede_stzingll €3; //Rscii code €9 = E

day_code_string(2] = (char) €8; //hscii code €8 = D

day code_string[3] il ffcreates space

day_code_string(4] 0 4 ds the string by placing 0 in the las: strin
if (temp_day_code=—4) FFLE temp_day_cocde i3 equal to 4 step in

day_code_string[0] = (char) 84; //Ascii code 84 =T

day_code_stringl = (char! 7Z; //hscii code 72 = H

day_code_string[2] = (char| 25; //Rscii code 85 =T

day_code_string[3] = ° '; / ates space

day_codes_string[4] = 0 //Ends the string by placing 0 in tha string

Figure 21 - Coding (Section 11)

declared with
declared with
declaxed with

Joseff Jones

m

elements
€ elements

= om

The next section of code is similar to the second loop in section 9 of the code, except it’s used to
display the days of the week when setting the date on the LCD.

23




Joseff Jones

if (temp_day_code==5 //Lf temp_day_code is equal to 5 step in

day code_string (0] = (char) //hscii code 70 = F

day_code_string (1] = (char) /Fhs code 82 = R

day code_string(2Z] = (char) fFAs ode 73 = I

day code_string(3] = ' '; /fcreates space

day_code_string (4] = 0; //Ends the string by placing 0 in the last string
if (cemp_day code==g /fIf temp day code is equal to € step in

day code_ string(0] = (char) 83; //Ascii code B3 = 5

day code_string(l] = (char) &5; //As code 65 = R

day_code_string(2] char) 84; //Ascii code 84 = T

day_code_string i ffcreates space

day code strimg( = 0; //Ends the string by placing 0 in the last string
if (temp_month=—1 f/LIf vemp_month is equal to 1 step in

month_string(0] = (chax) T4; //hscii code T4 = J

month_stcing (1] char) @57 fFfRscii code 65 = A

month_string(2] = (char) 72; //Ascii code 78 = W

month_string (3] ol //Czeates space

month_string(4] = 07 //Ends the string by placing 0 in the last stzing
if (cemp month==Z //1f temp month is equal to 2 step in

month_string(
month_string(
month_stringl2
month_stringl
month_string(

reates space
//Ends the string by placing 0 in the last string
if (temp_month==3 //Lf temp_month is equal to 3 step in
code 77T = M

code 65 =

code 82 =

/Fhs
f/As

month_string
month_string
month_string(2
month_string(
month_string(

oo

f/Aseid
//Creates space
//Ends the string by placing 0 in the last string

if (temp month==4 temp month is equal to 4 step in

month_string [ 857 fFAscii code 65 = A
month_string(l] 80; fFRacii code 80 = B
month_string( B2; /FAscii code 82 = R

month_string|
month_string(

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

TR TR

Figure 22 - Coding (Section 12)

Section 12 of the code is used to display the months of the year when setting the date on the LCD.
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wold DisplayRlarmTime (int lina)

Joseff Jones

char alarm string(1é] {o, 0, 6, 0, 0, 0, 0, @, 0, 8, 0, 6, 0, O, O //Local string declared witk 16 elemernts
alarm string[0] = (char! alarm hours 1D + 48; the first hour digit. 48 equals the asci code for 0
alarm strin 1 ichar) alarzm hours & 10 + 43: the second hour digit. 48 equals the asci code for 0
mew the : digit.
char} alarm mins / 10 + s the first minuve digic. 48 equals the asci code for 0
{char! alazm mins % 10 + the second nute digit. 42 equals the asci code for O
SR JJoreates space
//eresates space
//creates space
//icreates space
arm stringl : space
azm_stzingl ichar code €5 = A
arm stringl char code 76 = L
ichar i code 65 = A
iehar code 82 R
alarm string[ char //BAscil code 77 = H
alarm_stringl Q; //Ends the string by placing 0 in the last string
DisplayString(line, alarm string); //8ends the string to the LCD on line 0
void DisplaySetAlarmTime (int line)
char slarm string(l€] = {0, 0, ¢, O, O, O, 0, 0, O, O, O, 0, O, O, O }7//Local string declared with 16 elemeants
char) temp_al hours / 10 + 48; //Displays digit. 48 equals the asci cocde foxr O
{char) temp_al_houzs % 10 + //Displays th nd hour digit. 48 equals the asci o ]
o //Displays the : digit.
char) temp_al_mins 10 + 48; the first minute digit. 48 equals the asci code for 0
char) temp_al_mins % + 48: the second minute digit. 48 equals the asci code for 0
//ereates space
//czeaves space
//creates space
//czeates space
i //creates space
char code 65 = A
alarm strin ichar code 76 = L
alarm_strin char code €5 = A
alarm strin char code 82 = R
alarm string| char //Rscii code 77 = M
alarm stringl[ Q; //Ends the string by placing 0 in the last string

DisplayStzing

void Delay(int
[

t) // Start

int i;
for(i=0;i<t;it++); /
o

loop will eontinue to

void DisplayState(int line)

char state_ string[8]
state_string(0]
state_string(l] = =
state_strin :
atate_strin

state_strin
state_strim

state_strin
state_string

har) stat
a:

DisplayString(line,

line, slazm_stzing) .

//Sendas the st

function

local variable)This declares an int

setup”), i<c("as long as”)  i++

e + 48;

state_string);

Figure 23 - Coding (Section 13)

. to the LCD on line

variable,

0

used to store wheole numbers*/

for statement creates a loop 23 long a8 inside the brackets remain true,
"do this™)increment by
do nothing creating a delay*/

In this final section of the code the DisplayAlarmTime and DisplaySetAlarmTime loops are included —
these are there to put the word “ALARM” on the LCD when the alarm is on when the clock is
counting normally and when setting the alarm. At the bottom of the program is a void delay, which
is used to constantly loop, and a DisplayState loop, which is used as a template of how many LCD

segments are used.
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5. Testing and Analysis of Results

The testing process for the system was split up into two section — simulation and practical. The
majority of the testing and evidence was gathered using simulations, and the practical was carried
out to prove that the program and system design would actually work.

Simulation

The first to be tested was the simulation, which was done by testing the system that was designed
on Proteus along with the code that was developed on MPLAB. The figures and captions below
explain the testing process for the simulated alarm.

LCD1

LMOTBL

.EEE 2Eu =zEazass

444411:“

Figure 24 - Setting the Alarm to 7:05

The alarm was tested by first setting the alarm to 07:05. It was set to that value by pressing the RA1
button to enter the alarm altering mode, then pressing RA2 to choose the alarm hours, pressing RA3
to increment to the desired alarm hours, pressing RA2 to choose the alarm minutes, then pressing
RA3 to increment to the desired alarm minutes.

LCD1
LAl

BBY pf. msmsasss

sJa] z[]e :I'.‘Izlgl:'..
&) w) 513 5|

21
el

i

5

Ny

Figure 25 - Waiting for the Alarm

The above figure shows is a screenshot of the alarm clock counting up to the alarm clock’s set
hours/minutes, the alarm is turned on using RA3 while the clock is counting and is indicated by an
exclamation point (!) on the interface. It can be seen that the LED has not yet been triggered, as the
clock hasn’t reached the alarm time.
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LCD1

LA

988 p3. =amBasss

I

i
I

Figure 26 - Alarm Activated

As soon as the clock reached the same value as the alarm clock’s value, the LED connected to RAO lit
up, indicating that the alarm had been activated.

LCD1
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Figure 27 - Turning off Alarm
The alarm is turned off using RA3.

A testing table was drawn up to test each of the specific coded functions of the alarm, that testing
table is shown in the following two pages.
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Current state Test procedure Expected result Actual result Test pass
Display normal time Display normal time and |Displayed normal time and date Yes
and date on screen date on screen on screen

Increment hours by 1 Incremented hours by 1when
Incrementhoursby 1 |when Ra3 is pressed Ra3 is used (Loops from 23to  |Yes
({Loops from 23 to 00) 00)
Decrement hours by 1 Decremented hours by 1 when
Decrement hours by 1 |when RA4 is pressed RA4is pressed (Loops from 00  |Yes
(Loops from 00 to 23) to 23)
Increment minutesby 1 |Incremented minutes by 1
Increment minutes by 1|when Ra3 is pressed when Ra3 is pressed (Loops Yes
(Loops from 59 to 00) from 59 to 00)
: Decrement minutes by 1 |Decremented minutes by 1
Decrement minutes by i i
1 when RA4 is pressed when RA4is used (Loops from |Yes
(Loops from 00 to 59) 00 to 59)
Increment day by 1 when |Incremented day by 1 when Ra3
Increment day by 1 Ra3is pressed (Loops is used (Loops from SUN to Yes
from SUN to MON) MON)
Decrement day by 1 when |Decremented day by 1when
Decrement day by 1 RA4 is pressed (Loops RA4is pressed (Loops from Yes
from MON to SUN) MON to SUN)
Increment date by 1 when
. v Incremented date by 1when
Ra3is pressed (loops i
Increment date by 1 Ra3is pressed (loops from end |Yes
from end of month to o
P of month to beginning)
beginning)
Decrement date by 1
: Y Decremented date by 1when
when RA4 is pressed X
Decrement date by 1 RA4is pressed (loops from Yes

(loops from beginning of
month to end)

beginning of month to end)
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wn

Increment month by 1

Increment month by 1
when Ra3is pressed
(Loops from DEC to JAN)

Incremented month by 1 when
Ra3is pressed (Loops from DEC
to JAN)

Decrement month by 1

Decremented month by 1 when

5|Decrement month by 1 |when RA4 is pressed RA4is pressed (Loops from JAN |Yes
(Loops from JAN to DEC) |to DEC)
Increment year by 1 when|Incremented year by 1 when
6|Increment year by 1 . ) Yes
Ra3is pressed Ra3is pressed
6l Decrement vear by 1 Decrement year by 1 Decremented year by 1when Yes
¥ Y when RA4 is pressed RA4is pressed
Save the modified values Save the modified valrues to
2 H the current ‘normal’ display, |Save the modifiedvalues to the current
fa e ctent Aarmal returning to the ‘'normal’ ‘normal’ display, returning to the ‘normal”
7|displaybypressing RAL displayscreen aftera short  |displayscreenaftera short delay, All Yes
from states 1to 6 and 9to R
10 delay. All states working states worked correctly.
correctly.
When RAlis pressed
) . P When RA1 was pressed from
Displays the alarm time |from state Othe alarm . .
. ) state Othe alarm time display |Yes
and date time display should be
was shown
shown
Increment hours by 1 Incremented hours by 1when
Increment alarm hours . .
by 1 when Ra3is pressed Ra3isused (Loops from 23to  |Yes
Y (Loops from 23t0 00)  |00)
O —— Decrement hours by 1 Decremented hours by 1 when
by 1 when RA4 is pressed RA4is used (Loops from00to  |Yes
¥ (Loops from 00 to 23) 23)
neremant sl Increment minutesby 1 |Incremented hours by 1 when
10| minutes by 1 when Ra3is pressed Ra3is used (Loops from 59to  |Yes
v (Loops from 59 to 00) 00)
Decrement alarm Decrement minutes by 1 [Decremented hours by 1 when
10 . when RA4 is pressed RA4is used (Loopsfrom00to |Yes
minutes by 1

(Loops from 00 to 59)

59)
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Evidence

Evidence of incrementing and decrementing values is shown in the following figures.

LCD1
LMo

88Y aF. =sz@ssss

SR

Figure 28 - Paused Values

E

The above figure shows values of the clock once the clock was arbitrarily paused, the values here are
a placeholder to compare to incrementing values of the clock.

LCD1

Lk

2280 pi. ssmBzzES

S

Figure 29 - Incrementing Hour

The above figure shows that the hours have been incremented by 1 compared to the original paused
values.

LCD1
LMofaL

884 25, mzaazsuss

L

Figure 30 - Incrementing Minutes

E

The above figure shows that the minutes have been incremented by 1 compared to the previous
figure.
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Leot
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Figure 31 - Incrementing Day

The above figure shows that the day has been changed from Saturday to Sunday, which is the day
being incremented by 1.

LGD1
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888 p3. msmmanss

i

Figure 32 - Incrementing Date

T

The above figure shows that the date has been incremented from 05 to 06.

LoD
e

8828 p3. szmm3=Rs

E1 1111 444413111

Figure 33 - Incrementing Month

The above figure shows that the month was changed from December to January, showing that the
month has been incremented by 1.

LCD1
(s
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T

Figure 34 - Incrementing Year

The above figure shows evidence of the year being incremented by 1.
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Earlier in the report (in the research section), it was explained that setting the TMRO in the code to

63 would result in a 10ms cycle - in order to test this, an oscilloscope was connected to the circuit.
#include <pic.h>

int milli=0, secs=0; //Must be

void interrupt ISR (void

Figure 35 - Showing that TMRO = 63

The above code is what was used to achieve a timer cycle of 10ms.

Digital Oscilloscope
Chanmel €

W

Figure 36 - Proof that TMRO = 10ms

The oscilloscope above shows that the oscilloscope is down for two squares and up for two squares
- each square is calibrated to show 5ms, and so the timer has a cycle of 10ms.
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void imterrupt ISR (woid

Figure 37 - Changing the 10ms to 1s

The above code included an additional couple of lines within the if statement that changes the 10ms
into 1s.

Channel C

Figure 38 - 1s Cycle

The squares in the above oscilloscope screenshot are set to space at 200ms, the cycle takes five
squares, and so 200ms*5 = 1s, proving that it is indeed 1s.
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Practical

The practical for this assignment involved uploading the code to the board with the PIC and the LCD
connections. The following figure shows the calendar alarm clock actually function correctly —in the
figure, the design is in the alarm-setting mode, as indicated by the text “ALARM” on the top right of
the LCD.

F.H

LLM Ty

R R R BT b i F"*ﬂ'r_#l

Figure 39 - Functioning Practical Board
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6. Conclusions and Recommendations

Joseff Jones

The completed system functioned as a digital calendar alarm clock and had multiple essential

features:

- An LCD which displayed the time, date, day, month and year, as well as details such as

whether the alarm was on or off

- The time and date could be set on the system without the need for additional hardware

- The alarm could be set to any given time to the hours and minute
- The alarm functionality could be turned off and on
- Afunctioning alarm

These functions all play into a very robust and effective calendar alarm clock, thus meeting the aims

and objectives of the assignment.

One recommendation to improve the system would be to add additional functionality to the alarm,
as the current design only allows the user to set the alarm to specific hours and minutes; it could be
upgraded to allow the alarm to be set to specific dates, days or months. Another recommendation
that could be made, which would improve the functionality and make the design process easier
would be to use a microcontroller such as an Arduino instead of the PIC, as Arduinos have much
more online support due to their popularity and in my opinion are more intuitive, with more libraries

and functionalities at the ready, allowing for a faster development process.

35




Joseff Jones

7. References

4. Timers. (2018). Retrieved from MikroElektronika: https://www.mikroe.com/ebooks/pic-
microcontrollers-programming-in-assembly/timers

Datasheet. (2018). PIC16F877 Data Sheet. Retrieved from Microchip:
http://ww1l.microchip.com/downloads/en/DeviceDoc/39582h.pdf

36




Assignment 1

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

54/100

Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

Text Comment. reasonable intro. A diagram would be useful here.

PAGE 5
PAGE 6
PAGE 7
Text Comment. Research should extend further with more relevant sources.
PAGE 8
PAGE 9
Text Comment. State diagram s clear and well presented.
PAGE 10
PAGE 11
PAGE 12
PAGE 13
Text Comment. The configuration is explained and the hardware components are
illustrated. This section could be structured in a better way because this will cause confusion
with the test section.
PAGE 14

PAGE 15



PAGE 16

PAGE 17

PAGE 18

PAGE 19

Text Comment. What about state 10.

PAGE 20

Text Comment. State code is explained fairly well. What about the while statement at the
end. This is to counter switch bounce.

Text Comment. Must include the 'DisplayString' function call at the end here because it is
the function used in the LCD display.

PAGE 21

PAGE 22

PAGE 23

PAGE 24

PAGE 25

PAGE 26

PAGE 27

PAGE 28

PAGE 29

PAGE 30

PAGE 31

PAGE 32

PAGE 33

PAGE 34

PAGE 35

PAGE 36

GRADING FORM: CSG-RUBIC



JOSEFF JONES

RESEARCH-INFORMED LITERATURE

(

y“ Needs more research and relevant sources. The
research should extend further than the config
registers. Alternative MCU's and limitations could be
included.

KNOWLEDGE AND UNDERSTANDING

9/25

(

y‘ Intro is a little short but there is an intro. 2/5 The
system design and explanation is reasonable. This
could have been improved with more in depth
explanations. 6/10 The software is explained but
more detail is needed. 6/10

ANALYSIS

14/25

(

y“ Testing is good 7/10 Conclusion has got some valid
points. 5/10

PRACTICAL APPLICATION AND DEP.

12/20

(

y“ Software explanation is good. however there are

sections that could be clearer. 6/10 Testing is good.

7/10

SKILLS FOR PROFESSIONAL PRAC.

13/20

(




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



	Assignment 1
	by Joseff Jones

	Assignment 1
	GRADEMARK REPORT
	FINAL GRADE
	GENERAL COMMENTS
	Instructor


	JOSEFF JONES0


