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Figure 1 An image of the circuit as provided by the assignment brief
This circuit was a provided circuit within the brief. It consists of a PIC18F45K50 at its core. Attached to this PIC is a 4-way rotary switch, a motor, a series of 8 LEDs, a button, a potentiometer, an RS232 terminal and a 20x4 LCD display. 
[bookmark: _Toc163252570]Central Code Overview
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Figure 2 An image of code that performs the beginning setup.
At the beginning of the program, the very first parts of the initialisation are done. This begins with the main.h file. The main.h file includes a wide range of information and setup for the PIC including the fuses, such as levels of brownout protection and peripheral voltage. In this assignment, this file was provided in a primarily suitable way, however the RS232 pin definitions within this file needed to be corrected to the true locations of the RS232 terminal on the PIC in the circuit.
After the main.h file is loaded into the program, a number of other settings need to be initialised. For this task, the only thing that needed to be setup was the pin assignments for the 20x4 LCD which can be seen in Figure 2. The LCD driver file is then loaded into the program to enable proper communication.
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Figure 3 An image of the global variable definitions within the code.
A variable is a simple part of a program and can be put simply as a store of information. Within embedded C, the type of information stored is usually defined first, before a variable name is chosen. The data stored within the variable must be of the same type as the variable is set to – you cannot store a string within an unsigned integer variable for example.
At the beginning of the code, a few variables are setup. As these sit in the main outer part of the code rather than within a specific function, they are known as global variables as they can be accessed by any function at any time. Variables are often set as global variables when they are used across multiple different functions as this enables data to be kept when the function ends. The specific use of each variable will be explained later when it is used. 
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Figure 4 An image of the function definitions within the code.
A function is a simple way of separating a set of instructions to be run at a different time in the middle of the code when it is called. Functions are primarily used to separate a piece of code up, usually by taking pieces of code that will be run multiple times repeatedly so that it only appears once but can be called upon multiple times. A side benefit of this, as well as another common use is to clean up the code. By separating the code into functions where possible, it can make the program significantly easier to read for humans. 
At the beginning of the code, a number of functions are defined. Those which have no need to return any output are designated as “void” to signify such, however in the event that it is desired to return a value to the main program when the function is run, the function must have a data type set which defines the type of data returned to the main program. For example, as seen in Figure 3 on line 31, the function “read_switch” returns an unsigned integer when the function has finished running. The exact context of each function will be explained below.
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Figure 5 An image of the main section of the code called by default.
Within embedded C, the main section of the code that the majority of the actual code is run within is signified within the “void main()” function. This is the section where the actual bulk of the code should be written. For this task, this section is the same for each of the 4 mini-tasks within. 
For this program, the code begins by starting up the analogue to digital converter (ADC). As this is a single analogue input into a single pin, this needs to be initialised as an ADC port so that the program can understand that it is an ADC. This is done within lines 38 and 39 before the LCD is initialised for use on line 40.
After this, a “while(TRUE)” loop is used. Normally a while loop is used to repeat a section of code until a certain condition is set, however in this case because the condition is simply “TRUE” the program will continue looping through the selected code permanently. This is used in this circumstance to allow the program to constantly check for the state of the rotary switch. 
Within the loop, there are a few notable parts of the code. Firstly, the “ops” system is used to allow the program to check if the switch has only just been changed to the new setting, or whether it is simply maintaining its previous position. By setting a variable to store the switch position and comparing it to stored value from the previous iteration of the loop, the program can identify if the switch position has just changed or not. This can later be used to perform single time actions that only need to be performed when the program moves onto the switch position the first time and does not need to be repeated every iteration. The only reason for calling it the “ops” system is due to the variable name used.
After this, a switch case statement is used in order to perform the desired function based on the switch position. The “ops” system uses a function explained below to identify the switch position which returns a value based on the switch position. The switch case will look at the value stored and depending on it, run a certain bit of code. Within this switch case, the program simply calls the appropriate function based on switch position and then moves on once the function is finished running. 
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Figure 6 An image of the function used to read and return the value of the potentiometer.
As a part of multiple of the mini tasks, a potentiometer attached to pin AN0 is used to do a variety of things. However, to enable the functionality of these the value that the potentiometer is set to must be read first, which is what this function does. It begins by creating a local variable, called “value” which will later be used to store the read value. The ADC channel is then set before the “read_adc” function is called, which reads the ADC value and stores it in the newly created local variable. This value is then returned by the function to the location it was called.
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Figure 7 An image of the function used to clear the outputs on switch position change.
This function is part of the “ops” system for checking when the switch changes. Some of the mini tasks involve manipulating different inputs and outputs, such as a motor or LEDs. However, when the switch changes, these need to reset which is what this function does. When the “ops” system detects a switch position change, this function is called, and it sets the LCD and output ports B and C to all be clear/empty to prevent any potential conflict with the new functions called. 
[bookmark: _Toc163252577]Reading the Switch Position
[image: A close up of text

Description automatically generated]
Figure 8 An image of the function used to read and return the value of the rotary switch.
One of the most important parts, however, is reading the switch position. This is done via a simple function which creates a local variable and stores the current state of port A within it. However, as more than just the switch is attached to this port, the value may not accurately represent the state of the switch. Therefore, an AND operation is performed to mask off the unwanted parts of this value and obtain nothing more than the switch position values. 
Additionally, to this, line 84 adds 1 to the value of the switch position value to indicate whether the separate push button is active at the time of running through the code. This allows for a different identifier to be used for whether the button is pressed down or not on position SW1-D and is a simpler way to check this than doing so within the SW1-D function. The function then returns the value obtained and returns it to the main code for the switch case selection.
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Figure 9 An image of the function used for task 1.
As per the brief, when the rotary switch is in position SW1-A the value on the potentiometer RV1 should be displayed onto the LCD on line 1, centred. The value should also be output in binary on the LEDs on port B, as well as echoed on the virtual terminal via RS232.
To begin with, the “read_pot” function is called which obtained the value on the potentiometer and stores it in the variable named “adc0”. From this point the “printf” command is used to print this onto the terminal via RS232. This is simple thanks to defining the RS232 pins in the main.h file. The “%u” is a placeholder for an unsigned integer which has its value defined by the variable “adc0” afterwards. The “\r” within this line formats a new line at the end, ensuring that each echoed value is printed on a new line to make it easier to read for humans.
After this, the “lcd_gotoxy” command is used to centre the text on the LCD. Column 6 on line 1 is chosen as this will centre the text based on the length of the text. The “printf” command is then used again, with the addition of “lcd_putc” to indicate that it should be placed on the LCD rather than the virtual terminal. Additionally, instead of “%u” the placeholder “%3u” is used to force the value to always be 3 digits long and maintain a consistent length.
As the value of the ADC is an unsigned integer between 0 and 255, it is simplest to just set the B bank of outputs to the value of this, which will set the LEDs to the binary value of the ADC value.
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Figure 10 An image of the function used for task 2.
As per the brief, when the rotary switch is in position SW1-B the value of the potentiometer should be displayed on line 1 of the LCD. The motor should also spin dependent on the value of the potentiometer – if it is below 75 the motor should spin clockwise, if it is above 175 the motor should spin anti-clockwise, and if it is between these values the motor should remain stationary. The state of the motor should be displayed on line 2 of the LCD. 
As with task 1, the value of the potentiometer is obtained and stored in the variable “adc0”. The LCD is then pointed towards the 2nd line of the LCD in preparation to display the motor state. 
An if statement is used to compare the value of the potentiometer to a set value. In each if statement, the value is compared to the parameters in the brief, meaning that each bit of code will only run if the value on the potentiometer fits in the parameters of the if statement. The motor is then set to the correct direction by outputting to the correct pins and a “printf” command used to output the correct state to the LCD.
After this the LCD is reset back to line 1 and the value of the potentiometer is displayed similarly to task 1.
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Figure 11 An image of the function used for task 3.
As per the brief, when the rotary switch is in position SW1-C the LCD should output the text “Kitt mode” centred on the 4th line. The LEDs should also flash back and forth in a knight rider pattern.
To begin with, the ops system is used so that the first time the function is run, the LCD outputs the text “Kitt mode”. The LCD is pointed at the correct location before the print command is run calculated in the same way as task 1. The ops system is used so that the text is only printed the first time the operation is run, as otherwise the LCD will appear to flash/flicker.
Next, a for loop is used to loop through the array “kr” incrementally a certain number of times. By looping through the exact number of times, each time the operation is run the program will loop through the list of settings stored within the list “kr”. These values are the correct values to display each light one after another. This enables the flashing effect desired. A 100ms delay on each loop iteration ensures a smooth flashing effect.
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Figure 12 An image of the function used for task 4.
As per the brief, when the rotary switch is in position SW1-D the state of the push button will be reflected on line 3 of the LCD. The motor will also spin if the motor is pressed and remain stationary if the button is not pressed. The state of the motor will be reflected on the LCD as well.
To begin with, as stated earlier the button press is reflected within the value returned by the “read_switch” function. This means that when the rotary switch is in position SW1-D a different function can be called by the switch case based on whether the push button is pressed. This is a simple way of differentiating.
Again, the ops system is used so that when the function is first called for that state the relevant text displaying the state of the motor movement and button press are displayed in the correct locations and then not called when the program is in the same button press/switch state to prevent the LCD from flickering. 
After the text is displayed, the correct pins are output to in order to rotate the motor the correct way for each function.
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/* global variables - these are various variables used repeatedly throughout the code with no need to be reset %/

unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

int
int
int
int
int
int

switches;

kr[15]=0x01,0x02,0x04, 005, 010, 020, 0x40, 050, 040, 020, 010, 003, 004, 0x02, 0
a

ops,old_ops;

adco;
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/% functions - this is where the functions which are programmed at the have their existence defined */

unsigned int read_pot(void);
void operationl(void);

void operation2(void);

void operation3(void);

void operationda(void);

void operationab(void) ;
unsigned int read_switch(void);
void clear outputs(void);
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36 void main()

8¢

3 setup_sdc_ports(saN0); //this Line defines which analogue port takes in the value from the potentiometer

39 setup_adc (ADC_CLOCK_INTERNAL | ADC_TAD_MUL_0); //here the adc settings are defined

0 lcd_init(); 7/the Lcd is initialised ready for use

a

a2 while(TRUE) //sets a Loop which continues indefinitely to constantly check switch positions

58 €

a ops-read_switch(); //sets the ops checker to the current switch position value

45 $¥(ops!=s1d_ops) clear_outputs(); //if the ops checker finds that the current switch position is different to the previous, clears oLl outputs to ensure a fresh change
5 Switch(ops) //starts the switch case, running different pieces of code dependent on the value in the variable (ops)
78

s case 45 operation1();

a9 break;

so case 85 operation2();

51 break;

52 case 16: operation3();

53 break;

st case 32 operationda();

ss break;

s6 case 33 operationdb();

57 break;

e defaults  break;

59 b

0 o1d_ops=ops; //sets the ops checker to acknonledge that the program has run through a switch position once
61 b

6 }
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64 _unsigned int read_pot(void)

658 €
66 unsigned int value;
& set_sdc_channel(0);
68 value  resd_ade();
& return(value);

70 }

//function which reads the value of the potentiometer and returns it as an unsigned integer

//sets up a variable to store the pot value
//defines which adc channel to measure from
//reads the adc value and stores it

//returns the value for use in the main program
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72 void
73E

74

7

7

clear_outputs(void)

¥

printf(led_putc,
output_b(2);
output_c(9):

//function which clears all potential outputs to ensure a fresh changeover of operations

//clears the display and resets back to first position on first Line
//sets all pins on bank b to 6
//sets all pins on bank ¢ to 6
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79 _unsigned int read_switch(void)

5B <

o unsigned int switch_pos;

a2 Suitch_pos = input a();

8 Switch_pos - switch_pos & 0x3c;
s S (input(pin A1) switch_pos +- 13
s return(suitch_pos);

//function which reads the switch value and returns it as an unsigned integer

//variable to store switch position
//read all values on bank a pins
//mask off unwanted pins to get a clean value
//add a nowinal value if the button is pressed to detect it
//returns the switch value for use in the main code
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void operationl(void)

adco=read_pot();
printf("i.",adco);

1ed_gotoxy (6,1);
printf (Led_pute, 0C

output_b(adco) ;

//function for switch position SW1-A

//read the pot value and store it in the variable adc
//print the pot value onto the rs232 terminal

//go to the centre point of the LCD on Line 1 (based on following string Length)
//display the pot value on the LCD

//output the value of the pot onto the bank b pins which control the LEDs
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void operation2(veid) //function for switch position SWi1-B

adco=read_pot(); //read the pot value and store it in the variable adco
1cd_gotoxy(1,2); //point the LCD at the beginning of the 2nd Line of LCD
if(adco<7s) //checks if the adc value is below 75
{
output_high(pin_co); //sets the motor positive control pin to 1
output_low(pin_C1); //sets the motor negative control pin to 6
printf(led_putc, "clockuise //prints the direction of spin on the LCD
3
if(adce>74 88 adco<176) //checks if the adc value is 75 or above, and 175 or below
{
output_low(pin_Co); //sets the motor positive control pin to 6
output_low(pin C1); //sets the motor negative control pin to 6
printf(led_putc, //prints the direction of spin on the LCD
3
if(adc@>175) //checks if the adc value is above 175
{
output_low(pin_C0); //sets the motor positive control pin to 6
output_high(pin_C1); //sets the motor negative control pin to 1
printf(led_putc, "ant o //prints the direction of spin on the LCD
¥
1ed_gotoxy(1,1); //returns the Led to pointing at the first point on the first Line
printf(led_putc, //displays the ADC value on the LCD
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128 void operation3(void) //function for switch position SWi-C

1208
130 iF (old_ops!=ops) //checks if this is the first time this switch position code has been run

1318 t

132 1ed_gotoxy (26,2); //points the program to the centre of the 4th row on the LD

133 printf(Led_putc, it J/displays the text onto the LCD

134 b

135

136 for(q=0;q<=135q++) //Loops the following code from g=0 incrementing by 1 until q is greater than 13

1378

138 output_b(kr[a]); //sets the LED output to the next setting as defined by the array at the top of the code
139 delay_ms(100); //delays the code slightly to create the knight-rider effect

130 b




image14.png
143 void operationda(void) //function for switch position SW1-D with the button not pressed down
1448

1a5 if (old_ops!=ops) //checks if this is the first time this switch position code has been run
1468 t

147 printf("Hotor movenent stopped\r"); //prints the current motor movenent state on the LCD
148 Ted_gotoxy (21,1 J/moves the progran to point at the beginning of row 3 of the LCD

149 print(led_putc, not pressed’); //prints the current button state on the LCD

150 3

151

152 output_Low(pin_Co); //sets the motor positive control pin to 0

153 output_Low(pin C1); /sets the motor negative control pin to 0

154 3

155

156 void operationsb(void) J/function for switch position SW1-D with the button pressed down

1578

158 if (old_ops!=ops) //checks if this is the first time this switch position code has been run
1598 t

160 print( movement started\r"); //prints the current motor movenent state on the LCD
161 Ted_gotoxy(21,1); J/moves the progran to point at the beginning of row 3 of the LCD

162 printf (led_putc, pressed’); //prints the current button state on the LCD

163 b

164

165 output_high(pin_Co); //sets the motor positive control pin to 1

168 output_Low(pin_C1); /sets the motor negative control pin to 0

167 }
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/% initialisation - this sets up a variety of essentials such as pin definitions and ensuring the PIC understands the fuses set from the main.h file ¥/

#include <main.h> //this takes the data from the main.h file and includes any necessary parts such as rs232 pin definitions
#define LCD_ENABLE_PIN PIN_D2 //this defines the LCD enable pin

#define LCO_Rs_PIN PIN DO //this defines the LCD rs pin

#define LCO_RW_PIN PIN D1 //this defines the LCD rw pin

#define LCD_DATA4 PIN D4 //this defines the LCD D4 pin for data transfer

#define LCD_DATAS PIN DS //this defines the LCD D5 pin for data transfer

#define LCD_DATAS PIN D6 //this defines the LCD 06 pin for data transfer

#define LCO_DATA7 PIN D7 //this defines the LD 07 pin for data transfer

#include <lcd.c> //this includes the driver file for the LCD




