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Abstract

LEARNING OUTCOMES

Understand the syntax and semantics of an embedded C program and develop programs using good programming
practices. Select and deploy basic software constructs using simple algorithms in the development of solutions to
embedded programming problems
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0 Sectionl

The circuit shown below has been made available to you on moodle, named ‘Embedded C assignment circuit”. You

Figure 1: count.asm circuit

must write a program that fulfils the following brief. Brief.

1 When SW1-A is selected the digital output of the ADC reading RV1 must be shown on the LEDs, and the value
must be displayed centred on line 1 of the LCD and echoed onto the virtual terminal.

2. When SW1-B is selected the value of RC1 will drive Motor A, if the value is below 75 the motor will drive
clockwise, if the value is above 175 the motor will drive anti clockwise. If the vale is between 76 and 174 the motor
will stop. The value of the reading from the ADC must be displayed along with the direction of rotation on line 2
of the display.

3. When SW1-C is selected pressing the button will make Motor A rotate clockwise as long as the button is
depressed, and the motor will stop when released. The status of the button is to be displayed on the LCD on line
3 and echoed once on the virtual terminal.

4. When SW1-D is selected the LEDs will flash from left to right and back again in knight rider fashion changing
© 150mS intervals. The message “Kitt mode” will be displayed centred on line 4 of the LCD display and echoed
once on the virtual terminal.

The program should be well structured and be remarked well enough that anyone with knowledge of C will be able
to understand the flow of the program.

You should write your own functions, as required, to keep the program compact and readable.



A Appendix - Assignment Code
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2/ Module : L4 — Embedded C (EES) (ACDA4013) / Functions:
3/ Task Title: Assignment /
4/ Author: M Prentice (2116359) / print2LCD — string ,
line, position (L,C,R)
5 / / Function to
manage printing to the LCD
6 / Objectives: On setting a switch (SW1) to position A, B, C / read in string to
print , starting line number
7/ or D the circuit should execute the following actions: / and position (L —
left, C — centred, R — right)
s /
9 / A— Read in analog value from RV1 and display on LEDs (O0xFF) / TODO Return —
overflow .
w0 / and displayed on the LCD (centred Line 1) and on /
u / the virtual terminal /
2/ / readRV1
13/ B— Read in analog value from RVl and rotate Motor A: / read in analog
value at RV1, pin ANO
1w / clockwise if RV1 < 75 /
15/ no rotation if 75 < RV1 < 175 / motorSpin — start /
stop, 1 /0
16 / anti—clockwise if 175 < RV1 / start or stop the
spin for the motor
) / in a set
direction
1B/ C— If the push button (BUTTON) is depressed, rotate the / 1— Clockwise
0— Anti—Clockwise
19/ motor clockwise. if not, don't rotate. /
20 / Display button status on the LCD (line 3) and on / knightRider
o/ virtual terminal / light the led’s
in epic—ness
2/ /
3 / D— Flash LED's knight rider style at 150mS intervals / readSw
2/ Display " Kitt mode” on the LCD (centred, Line 4) / read in the status of
the rotary switch and button
s/ and also echoed on virtual terminal / use mask 0x3C
s /
27 /'//'lr'l/'l I/I/'lr'l/l/, = ”/I/Ir'/' ”r'l/'l// /'I'lr'lrlrlrlr'l/' /I/, i I/ /I/'lr'/'l ”/'lr'l//I 'l'l/”/l/l/'r' /”/'II'I/I/ /'//'lr'l/'l ”/'lr'l//I = ”/I/Ir'/' /”/'l/'l// ,,/,/,,/,/ I/Ir'l/' /I/, '//'I I/I/I/'l/'/'l ”r'l/'l// 'l'l/”/l/l/'r' /’/I 'II'I/I/ r'lr'l 'l'l/”/l/l/'r' /’/I/'II'I/I/ /'//'lr'lrl ”r'l/' //I ¥ I/I/I/Ir'/'l/”/'l/'l// /'I'lr” I/I/'/' /I/, 'II'I/I/ /I/'Ir'l/'l ”r'l/' 7 il I/I i /” = /”/ 5
*/
28

20 #include <main.h>

30 #include <string.h>

31

2 // define the pin connections of the LCD

33 #define LCD_ENABLE_PIN PIN_D2
34 #define LCD_RS_PIN PIN_DO
35 #define LCD_-RW_PIN PIN_D1
36 #define LCD_DATA4 PIN_D4
37 #define LCD_DATA5 PIN_D5
3z #define LCD_DATA6 PIN_D6
30 #define LCD_DATA7 PIN_D7
40

41 #define MotorA PIN_CO
2 #define MotorB PIN_C1
43

4 #include <lcd.c>

45

4 unsigned int adc;

line ,char
(L,C,R)

47 void print2LCD (char* string ,int
on specified line and position
4 void readRV1(void);
pin ANO to global variable adc
2 void motorSpin(charx status,int dir);
clockwise or stop spin.
s0 void knightRider (void);

position);

// write variable string to LCD

// read value of RVl via analog

// Spin motor clockwise or anti—

Status (t—start/p—stop) dir (1—Clockwise, 0—Anti—Clockwise)

// Play with LED's, display on
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LCD and Virtual Terminal " Kitt mode”

unsigned int readSw(unsigned int mask); // read the status of rotary

switch and button into variable of your choice. Rotary Switch Mask 0x3C, Button mask 0x40

void main ()

{

printf(”System booting up\r”);
set_tris_b(0b11111111);

led_init();
setup_-adc_ports(sANO); // initialise adc channel
setup_-adc (ADC_CLOCK_INTERNAL | ADC_.TAD_-MUL.0) ; // setup adc operation

unsigned int selection;

unsigned int btnPress;
printf(”\fSetup Done\r”);
printf(lcd_putc(”\fSetup Done”));
delay_ms (500) ;

while (TRUE)

selection = readSw(0x3C); // apply mask 0x3C aka
00111100

//printf(” \r Got a switch position! — %u ", 6 selection ); // Useful

debug, display the registered Switch position on virtual terminal

//printf(led_putc("\f"));
switch (selection)

case 4: // SWI-A — Read in analog value from RV1 and display on LEDs (0xFF) and
displayed on the LCD (centred Line 1) and on the virtual terminal
//printf("\fSW A — Read in RV1 then display”);

readRV1(); // Read the value of RV1
via analog pin ANO
output_b(adc); // Display adc value on
LED's as Binary number
print2LCD (" adc” ,1,'C"); // Display adc value on
LCD
printf(”\f\rRV1l value: %u”, adc); // Display adc value on
Virtual Terminal, %u means unsigned decimal integer
break ;
case 8: // SWI-B — Read in analog value from RV1 and rotate Motor A: clockwise if
RV1 < 75, no rotation if 75 < RV1 < 175, anti—clockwise if 175 < RV1
readRV1();
printf(”\r\rRV1l value: %u”, adc); // Display adc value on
Virtual Terminal, %u means unsigned decimal integer
printf(led_putc("\f"));
if (ade<75){ //clockwise if RV1 < 75
motorSpin('t’, 1);
}else if(ade>75 && adc<175){ //no rotation if 75 < RV1 <
175

motorSpin('p’, 0);

}else if(ade>175){ //anti—clockwise if 175 < RV1
motorSpin('t’, 0);

}

break;

case 16: // SWi1—C
btnPress = readSw(0x02); //Button (RA1l) mask: 0x02
printf (" \fSW C — Motor spin based on Button — %u " ,btnPress);

if (btnPress==2){
motorSpin(’'t’, 1);
print2LCD ("BTN Pressed” ,3,'C");
printf("\rBTN Pressed ___");
telse{
motorSpin('p’, 1);
print2LCD ("BTN off” ,3,'C");

printf(”"\rBTN Off —");
break
case 32: // SWi1-D

printf(”"\fSW B — Flashy Lights”);
print2LCD (" Kitt mode” ,4,'C");



110 printf(”\rKitt mode”);
111 knightRider () ;

112 break;
113 default:
114

115 break;

116 }
117 }

118

119

120 S ) g g g g g g g g g g g ) ) ) g ) ) )
T T T T T I 1T 1 11 11 1111 T 1T 11111111 T 1T 11 111111 T 1T 11 111111 T 1T 11111111 T 1T 111111

}
/
w1 [/ NAME: print2LCD
/
/

122 DESCRIPTION: Function to manage printing to the LCD read in string to print,

123 starting line number and position

124 [/ ARGUMENTS: charx string — text to be printed to LCD

s [/ int line — line to print

16 [/ char position — string alignment (L — left, C — centred, R — right)
wr [/ RETURN'::

128 / I”I'I'//'/'ll,l,/l/l/'l/'/lll /,/, '//'I/'l/'l/,/,/l/'l/'/'lu,//l/'l/'lllll ,/, '//'I/'l/'l/,/,/l/'l/'/'lu,//l/'l/'lllll ,/, '//'I/'l/'l/,/,/l/'l/'/'lu,//l/'l/'lllll ,/, '//'I/'l/'l/,/,/l/'l/'/'lu,//l/'l/'lllll ,/, '//'I/'l/'l/,/,/l/'l/'/'lu,//l/'l/'lllll ,/, 'l/'//'l/'l/,/,/l/'l/'/'l
129 //TODO work out overflow return, do | limit string to 20 char or overflow to next line.
130 void print2LCD (charx string ,int line ,char position)
131 {
132 int pos = 0;
133 int Len;
134 if (stremp(string , "adc”)==0){
135 Len = 3;
136 }else{
137 Len = strlen(string);//sizeof(string);
138
139 switch (position)
140
141 case 'L': pos = 1;
142 printf(”"\rLeft — %d”, pos);
143 break;
144 case 'C’: pos = 10 — (Len/2);
145 printf(”"\rCentral — %d”, pos);
146 break ;
147 case 'R': pos = 21 — Len;
148 printf("\rRight — %d”, pos);
149 break ;
150 default : printf("\rDefault — %d”, pos);
151 break ;
152
153 printf(led_putc("\f"));
154 lcd_gotoxy (pos, line);
155 if (stremp(string , "adc”)==0){
156 printf(led_putc ,”%u”, adc);
157 }else{
158 printf(lcd_putc,"%s”, string);
159
160
161
/1 ] JL gL g gy L) gy gy gy g g gy gy gy gy g g g gy gy gy gy ) g g J ) g g ) gy gy gy g g g g gy g g ) g gy J ) gy g g ) gy g g ) ) gy g g ) ) ) ]

/ Ty R I 17777
w63 [/ NAME: readRV1
// DESCRIPTION: Function to manage reading the analog value from RVl via analog pin ANO

164

165 // reads into global variable adc
w66 // ARGUMENTS : nil
w7 [/ RETURN':: value into global variable adc

HHH
168 ////HHH T T T i I i i i i T i e e e i ar eI e aTann
160 void readRV1(void)
170{
171 set_adc_channel (0); //read adc channel 0
172 delay_us(30); // wait 30uS
173 adc = read_adc(); // store value in variable ADC
s}
175

NIRRT JL L)1) ] NIRRT TN INININ] NIRRT INININ] NIRRT INININn ININIRIRINININn ININIRIRINININn
176 T i i it

wr [/ NAME: motorSpin

s [/ DESCRIPTION: Function to manage the spin of the motor

w [/ ARGUMENTS: char% status — starT / stoP

10 // int dir — 1-Clockwise , 0—Anti—Clockwise



w1 /) RETURN : nil

182 / INTRTRTR TR TN ININIRTaT TN IR IRTaT LU ) TN ININTRTaT TR ININIRTaT 11
T AT T 1 1 A 1 1T 11 11 11 1111 T 11 11 111111 T 11 11 111111 T 1T 11 111111 T 11 11 111111 T 11 11 1111

183 void motorSpin(charx status, int dir) // Status (start/stop) dir (1—Clockwise, 0—Anti—
Clockwise)

184

185 switch (status)

186 {

187 case 't': if(dir = 1) // starT

188 { // Spin motor in one direction, set B low and A high

189 output_low (MotorB) ;

190 output_high (MotorA);

101 printf(” — Motor A”);

192

193 else if (dir = 0)

104 { // Spin motor in the other direction, set A low and B high

195 output_low (MotorA) ;

196 output_high (MotorB);

197 printf(” — Motor B");

198

199 else

200 { // error case, don’'t spin motor, set A low and B low

201 output_low (MotorA) ;

202 output_low (MotorB) ;

203 printf(” — start Fail”);

204 }

205 break ;

206 case 'p': output-low (MotorA); // stoP, don’'t spin the motor, set A low and B low

207 output_low (MotorB) ;

208 printf(” — Stop”);

209 break ;

210 default: output_low (MotorA); // Default situation, don't spin the motor, set A low
and B low

211 output_low (MotorB) ;

212 printf(” — Default (Stop) ");

213 break;

215 }

217 / LU g ) g g g g g g g g g g g ) g g g g g g ) g g g g g g g g ) ) ) )]
T TT T T T AT AT I 1 11 11 11 1T 1T 17 17 11 11 71 11 11 17 17 11 11 11 11 11 11 17 17 17 11 11 11 11 1117 17 11 11 71 11 11 17 17 17 11 11 11 11 11 11 11 11 11 11 1117117

28 [/ NAME: knightRider

20 // DESCRIPTION: Function to make the LED's flash

20 [/ ARGUMENTS: char% status — starT / stoP

21 [/ int dir — 1-Clockwise , 0—Anti—Clockwise
22 //  RETURN: nil

R R R R R R S R S R S S R S S R
24 void knightRider(void)

225 {

226 unsigned int kitt = 0x80;

227 while (kitt){

228 output_b(kitt);

229 delay_ms (150);

230 kitt = kitt >> 1;

231 }

232 delay_ms(150);

233 kitt = 0x01;

234 while (kitt){

235 output_b(kitt);

236 delay_ms (150);

237 kitt = kitt << 1;

240

241

242 [/ NAME: readSW

3 [/ DESCRIPTION: Function to read the status of the rotart switch and button
s /] ARGUMENTS: wunsigned int mask — mask on the Port A pins

us [/

26 [/ RETURN':: nil

247 / I,I,IIIIH 17 I,I,/l/lllll t HHIII,IIIIII III ,I,/l/llllll” HHIII,IIIIII III ,I,/l/llllll” HHIII,IIIIIII 17 ,I,/l/lllll i HHIII,IIIIIII 17 ,I,/l/lllll i HHIII,IIIIIII 17 ,I,/l/lllll i HHIII,IIIIIII

248 unsigned int readSw(unsigned int mask){
249 unsigned int buttons=0;



250 buttons=input_a () & mask;
251 return(buttons);

252 }
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