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[bookmark: _Toc165131923]Introduction
Embedded C is designed for programming microcontrollers and other embedded systems. Embedded c has many key features, this involves access to hardware features, such as timers, memory, speed and analog-to-digital converters. It is also efficient and can handle real-time events. 
Embedded C is widely used in various industries, it also helps to develop firmware and software in embedded systems.[1]

In this assignment we were required to understand how to build and simulate an embedded c code on proteus. We first had to build the code, which then gave us the ability to run it on proteus after being complied on a software called CCS.
We were required to demonstrate our capability and write 4 varieties of c code. This involved things like different timing sequences and ensuring it was in a correct order for the code to work.
The rest of this assignment will show in detail each task briefly described below. 	
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The first section involved us to drive motor A using switch SW1-B. It also required us to drive the motor different directions at different values. Below 75 the motor will drive clockwise, above 175 anticlockwise, however if the value was between 76 and 174 motor A would stop. This would be done whilst all being displayed back onto line 2 of the LCD. See below, flowchart, pseudocode and c code for section 1.


























Flowchart –

Start 


Check if SW1-B is selected 


No 		End 




Yes 		Read value from ADC 


Check if value <75


Yes 		Rotate motor A clockwise 


Display value and direction on line 2 of LCD


Check if value >175


Yes		Rotate motor A anti-clockwise 


Display value and direction on line 2 of LCD


Check if value between 76 and 174


Yes 		Stop motor A


Display value and direction on line 2 of LCD


End







Pseudocode – 

Start

If SW1-B is selected then 
	Read value from ADC
	If value <75 then 
		Rotate motor A ‘clockwise’
		Display “value: value, direction: clockwise” on line 2 of LCD
Else if value >175 then 
	Rotate motor A ‘anticlockwise’
	Display “value: value, direction: anticlockwise” on line 2 of LCD
	Else
		Stop motor A
		Display “value: value, direction: stopped” on line 2 of LCD
End


C code - 

#define LCD_RS_PIN      PIN_D0
#define LCD_RW_PIN      PIN_D1
#define LCD_ENABLE_PIN	PIN_D2
#define LCD_DATA4       PIN_D4
#define LCD_DATA5       PIN_D5
#define LCD_DATA6       PIN_D6
#define LCD_DATA7       PIN_D7

#define LCD_LINE_1   1
#define LCD_LINE_2   2
#define LCD_LINE_3   3
#define LCD_LINE_4   4

 #include <lcd.h>

#define_SW1-A		PIN_A2
#define_SW2-B		PIN_A3
#define_SW3-C		PIN_A4
#define_SW4-D		PIN_A5

#define PUSH_BUTTON_ON	PIN_A1
#define RV1_ON	PIN_A0
#define MOTOR_A	PIN_C0

#include <18F45K50.h>

#use delay(clock=8MHz, crystal)

#define DELAY_LONG_MS   (180)
#define DELAY_SHORT_MS   (40)

void main ()

{

if (SW1-B_selected)		 //Check SW1-B is selected.

lcd_init();			//Initialise LCD.
}

{
while (TRUE)			//Do this forever, until not true.

lcd_clear			//Clear LCD.
lcd_goto (LINE2_2);		//Move cursor to line 2.
lcd_putc ("PIC18F45K50");		//Display PIC18F45K50 on LCD display.
delay_ms (DELAY_LONG_MS);	//Wait for a bit to see LCD.
}

{
int RC0 = read_ADC;		//Function to read ADC value.
Char direction;

if (RC0<75)
drive_motor_A_clockwise;
else if (RC0>175)
drive_motor_A_anticlockwise;
else
stop_motor_A;
direction_stopped;
}
 
{
PUSH_BUTTON_ON	PIN_A1      //Button pressed.
PIN_A1_ON	PINA0      //RC1 on to drive motor A
PIN_A0_ON	PIN_C0      //Motor A on
}

{   
Printf(“ADC value motor A on");	//Display Motor A on line 2 of LCD.
}
   
return 0;
}

In the code in this section, a new term I learnt was ‘char’. This is short for character, a data that holds one character. i.e. letter, number, etc.[3]
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In section 2 of the assignment, we were required to make LED’s flash when switch SW1-C was selected. It required us to make LED’s flash from left to right and back again in knight rider fashion, changing at 150ms intervals. In addition, we were required to display the message ‘Kitt mode’ on line 4 of the LCD. See below flowchart, pseudocode and c code for section 2. 
 

Flowchart – 

Start 


Check if SW1-C is selected 


No 		End 


Yes 		Display “Kitt mode’ on line 4 of LCD 


Echo ‘Kitt mode’ on virtual terminals


Loop:		 


LED’s flash from left to right 


Delay 150ms


LED’s flash from right to left	 


Delay 150ms


End










Pseudocode – 

Start 

If SW1-C is selected then 
	Display ‘Kitt mode” on line 4 of LCD
	Echo “Kitt mode” on virtual terminals


Loop:
	LED’s flash from left to right 
	Delay 150ms 
	LED’s flash from right to left 
	Delay 150ms 
End loop 
End


C code - 

#define LCD_RS_PIN      PIN_D0
#define LCD_RW_PIN      PIN_D1
#define LCD_ENABLE_PIN	PIN_D2
#define LCD_DATA4       PIN_D4
#define LCD_DATA5       PIN_D5
#define LCD_DATA6       PIN_D6
#define LCD_DATA7       PIN_D7

#define LCD_LINE_1   1
#define LCD_LINE_2   2
#define LCD_LINE_3   3
#define LCD_LINE_4   4

 #include <lcd.h>

#define_SW1-A		PIN_A2
#define_SW2-B		PIN_A3
#define_SW3-C		PIN_A4
#define_SW4-D		PIN_A5

#define LED0_PIN		PIN_B0
#define LED1_PIN		PIN_B1
#define LED2_PIN		PIN_B2
#define LED3_PIN		PIN_B3
#define LED4_PIN		PIN_B4
#define LED5_PIN		PIN_B5
#define LED6_PIN		PIN_B6
#define LED7_PIN		PIN_B7		//Define LED pins.

#define LED_COUNT 8		//Total number of LED’s

#include <18F45K50.h>

#use delay(150mS intervals, crystal)

#define DELAY_INTERVALS_150mS

Void main ()

{

if (SW1-C_selected)		 //Check SW1-C is selected.

lcd_init();			//Initialise LCD.


Void setup()
{
For(int i=0; i<LED_COUNT; i++);
{
lcd_clear		//Clear LCD.
Lcd_goto(LINE_4)
}

{
Printf(lcd “Kitt mode”);			//Display on line 4 of LCD.
}
					
{
Printf(“Kitt mode\n”);			//Echo message on virtual terminals.
}

{
while(true);				//While true, keeping looping these functions. 
//Flash LED’s from left to right
For(int i=0; i>=0;i++)			//Count up by 1 each time on LED’s.
Delay_ms(150);

else
//Flash LED’s from right to left 
For(int i=LED_COUNT -1; >=0; i--)
Delay_ms(150);

}

Return 0;
}
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In section 3 we were required to display the reading from RV1 on the LED’s when switch SW1-A is selected. This will then be displayed on line 1 of the LCD and echoed back onto the virtual terminals. See below for flowchart, pseudocode and c code for section 3 of this assignment.


Flowchart – 

Start 


Check if SW1-A is selected 


No 		End 


Yes 		Read value from ADC, RV1 


Display value on LED’s 


Display value on line 1 of LCD	 


Echo value on the virtual terminals


End


Pseudocode – 

Start 

If SW1-A is selected then 
	Read value from ADC, RV1
	Display value on LED’s
	Display value on line 1 of LCD
	Echo value on virtual terminals
End








C code - 

#define LCD_RS_PIN      PIN_D0
#define LCD_RW_PIN      PIN_D1
#define LCD_ENABLE_PIN	PIN_D2
#define LCD_DATA4       PIN_D4
#define LCD_DATA5       PIN_D5
#define LCD_DATA6       PIN_D6
#define LCD_DATA7       PIN_D7

#define LCD_LINE_1   1
#define LCD_LINE_2   2
#define LCD_LINE_3   3
#define LCD_LINE_4   4

 #include <lcd.h>

#define LED0_PIN		PIN_B0
#define LED1_PIN		PIN_B1
#define LED2_PIN		PIN_B2
#define LED3_PIN		PIN_B3
#define LED4_PIN		PIN_B4
#define LED5_PIN		PIN_B5
#define LED6_PIN		PIN_B6
#define LED7_PIN		PIN_B7		//Define LED pins.

#define LED_COUNT 8		//Total number of LED’s

#define_SW1-A		PIN_A2
#define_SW2-B		PIN_A3
#define_SW3-C		PIN_A4
#define_SW4-D		PIN_A5

#include <18F45K50.h>


#define ADC_RV1		PIN_A0

#include <adc.h>

Void main ()

{

if (SW1-A_selected)		 //Check SW1-A is selected.

lcd_init();			//Initialise LCD.
}

{
Lcd_clear		//Clear LCD.
Printf(lcd “”);		//Display on line 1 of LCD.
}

{
int;
Read_adc_value		PIN_A0		//Read ADC value from PIN RA0(RV1).
Display_adc_value_led_count_8		//Display ADC value on LED’s.

Read_adc_valve		PIN_A0		//Read ADC value from PIN RA0(RV1).
Display_adc_value_lcd				//Display ADC value on LCD.
Display_lcd_line_1				//Display value on line 1 of LCD.
}

{
Char buffer;
Printf(adc_value);				//Convert ADC value.
Lcd_write_buffer;
}

{
While(true);
If 
adc_write_lcd					//Write ADC value on LCD.
}

{
Printf(“adc_value_count_8:\n)			//Echo ADC value on virtual terminals and LED’s.
}

Return 0;
}

In the code we learnt new terms, the one in this section was ‘buffer’. Buffer means temporarily store data, which gets transferred from one place to another.[2]


[bookmark: _Toc165131927]Section 4. 
In the final section of the assignment, we were required to make motor A rotate clockwise when the button is pressed, using switch SW1-D, however once released motor A will come to a stop. The status of the button will be displayed on line 3 of the LCD and echoed on the virtual terminals. See flowchart, pseudocode and c code for section 4 of this assignment. 








Flowchart – 

Start 


Check if SW1-D is selected 


No 		End 


Yes 		Check if button is pressed


No		Stop motor A


Yes		Rotate motor A clockwise


Display “button: pressed” on line 3 of LCD


Echo “button: pressed” on virtual terminals


Loop:


Check if button is still pressed 


Yes		Continue rotating motor A clockwise


No		Stop motor A


End












Pseudocode – 

Start

If SW1-D is selected then 
	Loop:
	Check if button is pressed
	If button is pressed then 
	Rotate motor A clockwise 
	Display “button: pressed” on line 3 of LCD
	Echo “button: pressed” on virtual terminals 
Else 
	Stop motor A

Repeat loop

End


C code – 

#define LCD_RS_PIN      PIN_D0
#define LCD_RW_PIN      PIN_D1
#define LCD_ENABLE_PIN	PIN_D2
#define LCD_DATA4       PIN_D4
#define LCD_DATA5       PIN_D5
#define LCD_DATA6       PIN_D6
#define LCD_DATA7       PIN_D7

#define LCD_LINE_1   1
#define LCD_LINE_2   2
#define LCD_LINE_3   3
#define LCD_LINE_4   4

 #include <lcd.h>

#define MOTOR_A		PIN_C0

#define_SW1-A		PIN_A2
#define_SW2-B		PIN_A3
#define_SW3-C		PIN_A4
#define_SW4-D		PIN_A5

#include <18F45K50.h>

{
Void()
Rotate motor A_button pressed(clockwise);
Stop motor A_button released();

Void main()
If 
Display_SW4-D_status_LCD		PIN_A5		//Display button status on LCD. 

While(true)
{
If (button pressed)
{
Rotate_motorA(clockwise);		//Rotate motor A

Printf(lcd: “button pressed: motor A rotating clockwise”);	//Print on line 3 of LCD
Echo on virtual terminals(“button pressed”);
}

Else 
{
Stop_motorA;

Printf(lcd: “button released: motor A stopped”);	//Print of line 3 of LCD
Echo on virtual terminals(“button released”);
}

Return 0;
}
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In conclusion each task has been implemented successfully using Embedded C code. Each section 1-4 has met each specific requirement. 
The codes include functions to read from ADC, PIC controllers, LCD and virtual terminals. These sections above along with their code, flowcharts and pseudocodes demonstrate input/output operations, analog-to-digital conversion and motor control; clockwise/anti-clockwise.
Next time I would try and develop the code and expand it to allow it to complete more features in the code.
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