Embedded C (ACDA4013)		Alistair Lounds – 2227990

Generating a Program for a Specified Embedded Requirement in C
Name: Alistair Lounds
Student Number: 2227990
Module: Embedded C ACDA4013
Course: BEng (Honours) Embedded Electronic Systems


















Table of Contents
Abstract	3
Circuit Simulation	3
Explanation of Circuit	3
Embedded C Program	4
Program Flowchart	4
main.c Listing	5
main.h Listing	7
System Testing	7
Switch Position SW1-A	8
Switch Position SW1-B	8
Switch Position SW1-C	9
Switch Position SW1-D	10
Problem Solving	11
Conclusion	11
References	12

Table of Figures
Figure 1 - Simulated Assignment Circuit in Proteus Design Suite v8.16	3
Figure 2 - Flowchart of Assignment Circuit Program 'main.c'	5
Figure 3 - main.c Program Listing	6
Figure 4 - main.h Program Listing	7
Figure 5 - VSM Studio Output - Compiling Program	7
Figure 6 – Rotary Switch Position SW1-A	8
Figure 7 - Rotary Switch Position SW1-B - Potentiometer Value Below 75 - Motor Rotating Clockwise	8
Figure 8 - Rotary Switch Position SW1-B - Potentiometer Value Between 76 and 174 - Motor Stopped	9
Figure 9 - Rotary Switch Position SW1-B - Potentiometer Value Above 175 - Motor Rotating Anti-clockwise	9
Figure 10 - Rotary Switch Position SW1-C - Kitt Mode	10
Figure 11 - Rotary Switch Position SW1-D - Button Pressed and Motor Rotating Clockwise	10
Figure 12 - Rotary Switch Position SW1-D - Button Released and Motor Stopped Rotating	11
Figure 13 - RS232 Virtual Terminal Bug	11





[bookmark: _Toc163121895]Abstract
This report details the programming of the PIC18F45K50 based assignment circuit using embedded C programming language. 
[bookmark: _Toc163121896]Circuit Simulation
Figure 1 shows the Embedded C assignment circuit provided for this assessment. 
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[bookmark: _Ref162559186][bookmark: _Toc163121910]Figure 1 - Simulated Assignment Circuit in Proteus Design Suite v8.16
This simulated circuit design was programmed using Embedded C, within the source code terminal of Proteus Design Suite Version 8.16. [1] The simulation software enables the source code to be compiled using CCS C Compiler Version 5.103, allowing me to conduct testing, debugging and virtual simulation of the PIC18F45K50 assignment circuit. [2]

[bookmark: _Toc163121897]Explanation of Circuit
Figure 1 shows that the assignment circuit is based around a PIC18F45K50 8 bit microcontroller. The internal clock speed of the Programmable Interface Controller (PIC) has been set to 16MHz as this falls within the acceptable operating range defined by the manufacturers datasheet. [3]

The primary user input to the circuit is that of an SW-ROT-4 Four Way Rotary Switch. This is used to select between switch positions SW1-A, SW1-B, SW1-C and SW-D; each position being connected to Pins RA2, RA3, RA4 and RA5 respectively and each having a specific operation as defined by the assignment brief. 

Pin RA0 of PORTA is connected to High Granularity Potentiometer RV1, in which has a range of 0-255; being an 8 bit component. This is used as an input to control the simple Direct Current (DC) motor, in which is connected to PORTC pins RC0 and RC1. Information indicating the position of the four way rotary switch, the potentiometer reading, the direction of rotation of the DC motor and LED status is printed to component LCD1, being a LM044L 20x4 Alphanumerical Liquid Crystal Display (LCD). 

The circuit also has one Single Pole Single Throw (SPST) Push Button that is connected to Pin RA1, being used during subroutine ‘processD’ to control the DC motors rotation. Components ‘LED0’ to ‘LED7’ are a mixture of Green, Red and Yellow LEDs connected to PORTB of the Programmable Integrated Circuit, these are illuminated when ‘processA’ and ‘process C’ subroutines are called.  
[bookmark: _Toc163121898]Embedded C Program
[bookmark: _Toc163121899]Program Flowchart
Figure 2 shows a flowchart describing the operation and logic for the Embedded C program ‘main.c’. [4]
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[bookmark: _Ref162826568][bookmark: _Toc163121911]Figure 2 - Flowchart of Assignment Circuit Program 'main.c'
[bookmark: _Hlk162556457][bookmark: _Toc163121900]main.c Listing
Figure 3 shows the Embedded C program source code ‘main.c’ and comments explaining its operation and program flow. This demonstrates an understanding of the C programming language and the application of its syntax, arrays, control statements, datatypes and other basic constructs. [5] 
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[bookmark: _Ref162555648]
[bookmark: _Toc163121912]Figure 3 - main.c Program Listing






[bookmark: _Toc163121901]main.h Listing
Figure 4 shows the Embedded C programs header file ‘main.h’ and comments explaining its operation. 
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[bookmark: _Ref162556066]
[bookmark: _Toc163121913]Figure 4 - main.h Program Listing
I have made modifications to the file ‘main.h’, as the original header file provided for this coursework contained definitions that are not required for the simulated circuit. For instance, there is only one SPST push button used in the assignment circuit, so there is no ‘But1’ through to ‘But5’ and there are no buttons connected to PORTB. Therefore each of these definitions has been commented out using the syntax of two forward slashes. [6] This also applies for the ‘LED1’ to ‘LED3’ definitions, as there are no LEDs connected to PORTE. 

This program also used source code ‘lcd.c’ and the PIC Header file ‘18F45K50.h’ however I have not included listings of these in the report as no modifications nor adaptations have been made to either. 
[bookmark: _Toc163121902]System Testing
Debugging consisted of compiling the program after the addition of new source code, viewing the VSM studio output to observe for warnings and errors. Figure 5 shows that after several iterations of software development the program for the assignment circuit had zero error messages and no warning, showing a successful build. 
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[bookmark: _Ref162557826][bookmark: _Toc163121914]Figure 5 - VSM Studio Output - Compiling Program
In order to test the functionality of the assignment circuit, I observed the response of the circuit after triggering each process during simulation. Each task has been allocate a function name, these being: processA, processB, processC and processD; working for switch positions SW1-A to SW1-D respectively. Each subroutine case is called with the use of switch statements. [7]
[bookmark: _Toc163121903]Switch Position SW1-A
Figure 6 shows that when switch position SW1-A is selected by the user during simulation, the digital output of potentiometer RV1 is displayed by illuminating LEDs 0 to 7. Figure 6 shows that LED6, LED5, LED3, LED2 and LED1 are illuminated; this being the base 2 value of ‘01101110’; when converted to decimal this value is 110. This is printed to the centre of Line 1 of the LCD and the also echoed on the RS232 virtual terminal. This demonstrates that the assignment circuit is functioning as intended during the ‘processA’ subroutine.
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[bookmark: _Ref162995746][bookmark: _Toc163121915]Figure 6 – Rotary Switch Position SW1-A
[bookmark: _Toc163121904]Switch Position SW1-B
Figure 7 shows that when switch position SW1-B is selected by the user and the value of the high granularity potentiometer RV1 is less than 75, the simple DC motor rotates clockwise. This also shows that the reading of RV1 is printed on Line 2 of the LCD screen, alongside the string ‘Clockwise’ denoting direction of rotation.
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[bookmark: _Ref162995770][bookmark: _Toc163121916]Figure 7 - Rotary Switch Position SW1-B - Potentiometer Value Below 75 - Motor Rotating Clockwise
Figure 8 shows that when switch position SW1-B is selected by the user and the value of potentiometer RV1 is between 76 and 174, the simple DC motors rotation is stopped. The reading of RV1 is printed on Line 2 of the LCD screen, alongside the string ‘Motor Stopped’ indicating the motor is static.
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[bookmark: _Ref162997000][bookmark: _Toc163121917]Figure 8 - Rotary Switch Position SW1-B - Potentiometer Value Between 76 and 174 - Motor Stopped
Figure 9 shows that when switch position SW1-B is selected by the user and the value of potentiometer RV1 is greater than 175, the simple DC motors rotates anti-clockwise. The reading of RV1 is printed on Line 2 of the LCD screen, alongside the string ‘Anti-clockwise’ denoting direction of rotation. Therefore these steps demonstrate that the assignment circuit is functioning as intended during the ‘processB’ subroutine.
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[bookmark: _Ref162997079][bookmark: _Toc163121918]Figure 9 - Rotary Switch Position SW1-B - Potentiometer Value Above 175 - Motor Rotating Anti-clockwise
[bookmark: _Toc163121905]Switch Position SW1-C
Figure 10 shows that when switch position SW1-C is selected by the user, LEDs 0 to 7 will illuminate, flashing from left to right and back again displaying a knight rider mode, with each changing at an interval of 150 milliseconds. During this process, the “Kitt Mode” string is printed to the centre of Line 4 of the LCD and echoed on the RS232 virtual terminal once. This demonstrates that the assignment circuit is functioning as intended during the ‘processC’ subroutine.
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[bookmark: _Ref162995888][bookmark: _Toc163121919]Figure 10 - Rotary Switch Position SW1-C - Kitt Mode
[bookmark: _Toc163121906]Switch Position SW1-D
Figure 11 shows that when switch position SW1-D is selected during simulation, and the SPST push button is pressed, the simple DC motor rotates clockwise. The status of the button is printed to the LCD on Line 3 and echoed on the RS232 virtual terminal. 
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[bookmark: _Ref162996138][bookmark: _Toc163121920]Figure 11 - Rotary Switch Position SW1-D - Button Pressed and Motor Rotating Clockwise
Figure 12 shows that when switch position SW1-D is selected and the SPST push button is released, the simple DC motor stops rotating and the status of the button is printed on the LCD and echoed on the RS232 virtual terminal. This demonstrates that the assignment circuit is functioning as intended during the ‘processD’ subroutine. 
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[bookmark: _Ref162996291][bookmark: _Toc163121921]Figure 12 - Rotary Switch Position SW1-D - Button Released and Motor Stopped Rotating
[bookmark: _Toc163121907]Problem Solving
One problem discovered during function testing of the software is that when the user changes switch position from SW1-A to SW1-B the virtual terminal continues to display the last ADC reading from the RV1 potentiometer; however as the subroutine has now changed to that of SW1-B ‘processB’ the user is able to change the potentiometer value so that is no long the value shown on the virtual terminal. Figure 6 shows that the true value read from component RV1 is 130, being correctly displayed on the liquid crystal display, however the virtual terminal shows a different value being 110. This could potentially confuse our user. Therefore issue was resolved by clearing the RS232 virtual terminal display, when the user switches to position SW1-B; this being actioned within the ‘processB’ subroutine. 
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[bookmark: _Ref162558853][bookmark: _Toc163121922]Figure 13 - RS232 Virtual Terminal Bug
[bookmark: _Toc163121908]Conclusion
In conclusion, it has been demonstrated that a PIC18F45K50 microcontroller can be programmed using the C programming language to fulfil the tasks set for each rotary switch position defined by the assignment brief. Unique functions were used to keep the program concise and easy to follow. For further development I could reduce the need for delays within my program, by applying better program structure to provide a more eloquent programming solution. 
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#include <main.h>

#define LCD_ENABLE_PIN PIN_D2
#define LCD_RS_PIN PIN_DO
#define LCD_RW_PIN PIN_D1

11 #define LCD_DATA4 PIN_D4

12 #define LCD_DATAS PIN_DS

13 #define LCD_DATAG PIN_D6

14 #define LCD_DATA7 PIN_D7

16

REBowwouwswn

15

16 #include <lcd.c>

17

18 // global variables

19 unsigned int switches; // intialise switches variable as an unsigned integer
20 unsigned int adce; // intialise adc@ variable as an unsigned integer

21 unsigned int value; // intialise value variable as an unsigned integer
22 unsigned int read_pot(); // intialise read pot as an unsigned integer

23

24 unsigned int k; // ‘intialise k as an unsigned integer

25 unsigned int kittmode[15] = 0x80,0x49,0x20,0x10,0x08,0x04,0x02, 0x01,0x02, 0x04, 0x08, 0x10,0x20,0x40,0x80; // array for Kitt Mode LED sequence moving Left to Right and back agai
2

27 void processA(void); // define subroutine processA
28 void processB(void); // define subroutine processg

29 void processC(void); // define subroutine processC

30 void processD(void); // define subroutine processD

31 void spinotorClockwise(void); // define subroutine spinMotorClockwise

32 void spintotorAntiClockwise(void); // define subroutine spindotorAntiClockwise

33 void motorStopped(void); // define subroutine motorStopped

34 void stopleds(void); // define subroutine stopLeds

35

36

37 void main()

388

39 setup_adc_ports(sANG); // initialise adc channel - SANO sets pin RAO to be Analogue Input

40 setup adc(ADC CLOCK INTERNAL|ADC TAD MUL @); // setup adc operation
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led_init();

// initialise the LCD

while(TRUE)
{
switches = input_a(); // reads the values of PortA into variable switches
switches = switches & @x3C; // mask off the unwanted bits from Pins RAO, RA1, RA6, RA7 - we are only interested in the switch input Pins RA2, RA3, RA4, RAS (x3c is 00111
switches/= 4; // divide switches by 4 this shifts bits across by 2, mapping pins RA2, RA3, RA4 and RAS to switch cases 1,2,4 and 8 respectively
switch(switches) // switch statement for 4 position rotary switch
{
case 1: processA(); // call and execute processA subroutine when SWI-A is selected
break; // break enables program to break out of switch block and stop execution, exit Loop
case 2: processB(); // call and execute processB subroutine when SW1-B is selected
break; // break enables program to break out of switch block and stop execution, exit Loop
case 4: processC(); // call and execute processC subroutine when SW1-C is selected
break; // break enables program to break out of switch block and stop execution, exit Loop
case 8: processD(); // call and execute processD subroutine when SW1-D is selected
break; // break enables program to break out of switch block and stop execution, exit Loop
default: break; // default is an optional statement which specifies to break out of switch statement Loop if no case is matched
¥
¥
¥
e

processA (switch position SW1-A selected)

digital output of the ADC reading RVI is shown on the LEDs, and the value is displayed in the centre of line 1 of the LD display and echoed on the RS232 virtual terminal.

*

void processA(void)

{
motorStopped() ;
adc@=read_pot();
printf(lcd_putc,”
printf("ADC Reading - %3u \r",adc@);
output_b(adc@) ;
delay_ms(160);

¥

v

processB (switch position SW1-B selected)

RVL

%3u",adc@) ;

// calls and executes motorStopped subroutine - stops motor from rotating
// set adcO variable to equal the potentiometer value from RVI

// prints adco value - value of RVI potentiometer on Line 1 of LCD screen

// prints adc@ value - value of RVI potentiometer on RS232 virtual terminal

// output adc@ value to PortB to illuminate LEDs - Sets LEDs to Potentiometer value
// 100ns delay - pause to reduce LCD screen flickering
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80 processB (switch position SW1-B selected)
81 RVI value drives Motor A. If value is below 75 the motor spins clockwise. If valie is above 175 the motor spins anti-clockwise. If the value is between 76 and 174 the
82 motor will stop rotating. The reading of the ADC is displayed, along with the direction of rotation of line 2 of the LCD screen.

83 /

84

85 void processB(void)

868(

87 StopLEDS() ; // calls and executes stopleds subroutine - stops LEDs from flashing

88 printf("\"); // clears RS232 virtual terminal

89 adco=read_pot(); // sets adco variable to equal the potentiometer value from RVI

90 printf(led_putc,"\fADC Values"); // prints "ADC Values' string on Line 1 of LCD screen

91 led_gotoxy(1,2); // goes to Line 2 of LCD screen

92

93 if(adc0<75) // if adco is less than 75 execute code within curly brackets

B {

95 spintotorClockwise(); // calls and executes spinMotorClockwise subroutine - rotates motor clockwise
9 printf(led_putc,"%3u Clockwise”,adc@); // prints adco value - value of RVI potentiometer on Line 2 of LCD screen
97 delay_ms(50); // 5éms delay - pause to reduce LCD screen flickering

98 3

99

100 else if(adc@>175) // else if adc@ is greater than 175 execute code within curly brackets
1018 {

102 spinMotorAntiClockwise(); // calls and executes spinMotorAntiClockwise subroutine - rotates motor anticlockwise
103 printf(led_putc,"%3u Anti-Clockwise”,adc@); // prints adco value - value of RVI potentiometer on Line 2 of LCD screen
104 delay_ms(50); // 5éms delay - pause to reduce LCD screen flickering

105 3

106

107 else // else adco must be between 76 and 175 so execute code within curly brackets
1088 {

109 motorStopped(); // calls and executes motorStopped subroutine - stops motor from rotating
110 printf(led_pute, "%3u Hotor Stopped”,adc@); // prints adco value - value of RVI potentiometer on Line 2 of LCD screen
111 delay_ms(50); // 5éms delay - pause to reduce LCD screen flickering

112 3

113 }

114

115 /*

116 processC (switch position SW1-C selected)

117 LEDs will flash from left to right and back again in knight rider fashion changing at 156mS intervals. The message “Kitt mode” is displayed in the centre on Line 4 of
118 the LCD display and echoed once on the RS232 virtual terminal.

119 */
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120
121 void processC(void)

1228{

123 motorStopped(); // calls and executes motorStopped subroutine - stops motor from rotating

124 printf(lcd_putc,"\f"); // clears LCD Screen

125 printf("\FKitt tode"); // prints ‘kitt mode’ to RS232 virtual terminal once, and clears virtual terminal each time processC is executed
126

127 for(k=0;k<15;k++) // for led sequence individual flashes increment k starting at 0

1288 {

129 output_b(kittmode[k]); // outputs hexidecimal value from kittmode array to PortB, switching on and off LEDs in sequence
130 delay_ms(150); // 150 millisecond delay - LED flash changes at 156ms intervals

131 1cd_gotoxy(26,2); // goes to the centre of Line 4 of LCD screen

132 printf(led_putc, "Kitt Mode\r"); // prints ‘Kitt Mode' string to LCD screen

133 3

134 }

135

136 /*

137 processD (switch position SW1-D selected)
138 Motor A rotates clockwise when button is pressed. Motor stops rotating when button is released. The status of the button is displayed on the L(D screen on Line 3
139 and echoed once on the RS232 virtual terminal

140 */

141

142 void processD(void)

1438{

144 stopleds(); // calls and executes stopleds subroutine - stops LEDs from flashing

145 printf(lcd_putc,"\f"); // clears RS232 virtual terminal

146

147 if (input(PIN_A1)) // if PIN Al is HIGH, button is pressed therefore execute code within curly brackets
1488 {

149 spintotorClockwise(); // calls and executes spinMotorClockwise subroutine - rotates motor clockwise

150 led_gotoxy(21,1); // goes to Line 3 of LCD Screen

151 printf(led_putc, "Button Pressed ") // prints Button Pressed’ on LD screen

152 printf("Button Pressed \r"); // prints ‘Button Pressed’ on RS232 virtual terminal - echoes button status

153 3

154 else // else PIN Al is LOW, button is not pressed, therefore execute code within curly brackets
1558 {

156 motorStopped(); // calls and executes motorStopped subroutine - stops motor from rotating

157 1ed_gotoxy(21,1); // goes to Line 3 of LCD screen

158 printf(led_putc, "Button Released ") // prints 'Button Released’ on LCD screen

159 printf("Button Released \r"); // prints 'Button Released' on RS232 virtual terminal - echoes button status
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160 b

161 }

162

163 unsigned int read_pot(void) // subroutine to read RVI potentiometer value
1648 {

165 set_adc_channel(0); // reads ADC channel @

166 delay_us(30); // 36us delay - waits 30 microseconds

167 value = read_adc(); // sets variable value to equal adc reading
168 return(value); // when read pot subroutine is called and executes this returns the value variable as an unsigned integer
169 3

170

171 void spinMotorClockwise(void)

1728 {

173 output_high(PIN_C0); // sets Pin C0 high - spins motor clockwise
174 output_low(PIN_C1); // sets Pin C1 Low

175 3

176

177 void spinMotorAntiClockwise(void)

1788 {

179 output_low(PIN_CO); // sets Pin (0 Low - spins motor anti-clockwise
180 output_high(PIN_C1); // sets Pin C1 high

181 3

182

183 void motorStopped(void)

1848 {

185 output_low(PIN_CO); // sets Pin €0 Low - stops motor from rotating
186 output_low(PIN_C1); // sets Pin C1 Low

187 3

188

189 void stopLeds(void)

198 {

191 output_b(0x@0); // LEDs are connected to Port8, Output of PortB set to 0 so all LEDs are Low state, hence off

192 3
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main.h B3

1 #include <18F45K50.h> // Header File for PIC Used in Circuit 'PICI8FASKAO"
2 #device ADC-8

3

4 #FUSES PRIMARY // Primary clock is system clock when scs-60

5 #FUSES FCMEN // Fail-safe clock monitor enabled

6 #FUSES TESO // Internal External Switch Over mode enabled

7 #FUSES PUT // Power Up Timer

8 #FUSES BROWNOUT // Reset when brownout detected

9 #FUSES BORVI9 // Brownout reset at 1.9V

10 #FUSES NOLPBOR // Low-Power Brownout reset is disabled

11 #FUSES PBADEN // PORTB pins are configured as analog input channels on RESET
12 #FUSES T3CKCO // T3 Clock In is on CO

13 #FUSES SDOB3 // SDO is on RE3

14 #FUSES NOMCLR // Master Clear pin used for I/0

15 #FUSES STVREN // Stack full/underflow will cause reset

16 #FUSES NOLVP // No Low voltage prgming, B3(PIC16) or BS(PIC18) used for I/0
17 #FUSES NOXINST // Extended set extension and Indexed Addressing mode disabled (Legacy mode)
18 #FUSES NOPROTECT // Code not protected from reading

19 #FUSES NOCPB // No Boot Block code protection

20 #FUSES NOCPD // No EE protection

21 #FUSES NOWRT // Program memory not write protected

22 #FUSES NOWRTC // Configuration registers not write protected

23 #FUSES NOWRTB // Boot block not write protected

24 #FUSES NOWRTD // Data EEPROM not write protected

25 #FUSES NOEBTR // Memory not protected from table reads

26 #FUSES NOEBTRB // Boot block not protected from table reads

27

28 #use delay(internal-16MHz) // Internal Clock Speed 16MHz - So have updated settings for PIC Interal Clock to 16MHz from 4MHz
29 //#define Butl ~PIN_BO // Not Required so Commented Out

30 //#define But2  PIN_B1 // Not Required so Commented Out

31 //#define But3 PIN B2 // Not Required so Commented Out

32 //#define Butd PIN B3 // Not Required so Commented Out

33 //#define But5 PIN B4 // Not Required so Commented Out

34 //#define LED1 PIN_EO // Not Required so Commented Out

35 //#define LED2 PIN_E1 // Not Required so Commented Out

36 //#define LED3 PIN_E2 // Not Required so Commented Out

37

38 #use rs232(baud-9600,parity=N,xmit-PIN_E@, rcv=PIN_E1,bits=8,strean-PORT1, errors) // RS232 Connected to Pin RE@ - RXD and Pin REI- TXD (not xmit-PIN_d3 rcv-PIN e3) Changed
39

49 #define LED PIN_B7 // No LED Connected to PIN_E2 of PIC - Therefore Change this to PIN_B7 as LEDs on PORTE

41 #define DELAY 500 // DELAY variable set to a value of 500 - therefore "delay _ms(DELAY);" would be 500ms
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VSM Studio Output

cesc.exe -J +DF +ES P Z +08 +CC +EXPORT +FH “main.c”
cesc.exe -J +DF +ES P Z +08 +CC +FH LINK="Debug.cof=main.o"

0 Ermors, 0 Warnings
Build Successful

CA\Users\alist\Documents\UNIVERSITY\UWTSD - EES Degree - Alistair Lounds\EES Year 2Embedded C ACDA4013\Embedded C - Assignment\Embedded C - Assignment Proteus\proteus\proteus\PIC18F45K50\main o ===> 0 Errors, 0 Warnings
Build Successful
Compiled successfully.
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