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Introduction 
The aim of the assignment is to write functional and efficient embedded C code in Proteus for several tasks that modifies the Proteus circuit in Figure 1c which is controlled by a PIC 18F45K50 board interfaced with several external peripherals including: a potentiometer, an LCD display, two motors, seven LEDs, a virtual terminal, four switches and a latching button. [1, Sec. Proteus Schematic capture features]
· PIC 18F45K50
The PIC 18F45K50 has a program memory of 32768 bytes and 16384 instructions and a data memory of 2048 bytes. It has operating voltage range of . The PIC had 3 internal and 25 input 10 bit analogue – digital modules. The PIC has a 10 – bit resolution output which means that an analogue input will get converted into an equivalent 10 – bit digital output. The PIC has 13 channels which means that 13 analogue signals can be converted into digital signal data simultaneously. The PIC has successive approximation analogue – digital converter that changes a continuous analogue waveform into a digital discrete digital representation in binary. The 18F45K50 has MSSP and EUSART serial communications protocols. MSSP is the master synchronous serial port which is utilised for communication with other ports. EUSART is a serial communications I/O peripheral containing clock generators, data buffers and shift registers. The PIC has the I2C synchronous serial interface with master and slave modes. I2C stands for inter – integrated controller which a form of serial communication that can connect low latency speed devices and it has master/slave communication protocols so multiple slaves can be controlled from a single master if each slave has unique address. The Microchip Technologies data for the PIC 18F45K50 provided all the data about the PIC and is referenced in [2, pp. 1 – 7 PIC 18F45K50 Data & Instruction Set].
· Virtual terminal and display
I have programmed the code so the function being executed is displayed as “ON” represented by a “1” in the correct column in the virtual terminal for example if the first function was running and the output was displayed on line 1 of the LCD display then “1” is shown in the first column on the virtual terminal. The virtual terminal has a baud rate of 9600Bd and a data transfer of 8 data bits. The LCD display  is a  character external display.
· LEDs 
The LEDs  have a forward voltage ofand a full drive current of  and all the LEDs interface on the output pins  on the PIC 18F45K50. LEDs  are defined in the “B” register and is utilised by two instructions MUL AB and DIV AB which means its quick to multiply or divide A by another number and store the output in “B”.
· Motor 
Motors  are interfaced on the output pins  and have a nominal voltage set at  The motors have a load resistance of  and a nominal revolution of 1 revolution per second.
· RV1
RV1 is a potentiometer with an internal resistance of . A potentiometer is a variable resistor with a third adjustable terminal that can be adjusted to give any fraction of the potential across the terminals of the resistor.
· SW1s  
SW1s  are defined on the input pins from  in the while loop in Figure 1b and are equated to one of the four functions I have written so for example if SW1_A is high then the adc_read function will be executed. SW1s  defined in the “R” registers are a collection of eight registers and these registers function as temporary storage registers in many arithmetic, logical and memory operations.
·  is the collector voltage on the rail in a circuit and in Figure 1c it specifically refers to the positive power rail collection.
Background Information 								                              
An embedded system is a computer system that’s a combination of a computer processor, computer memory, and input/output peripheral devices that has a dedicated function in larger electronic system. Embedded systems will typically control physical operations and functions of the machine that the embedded device is in, and it often has real – time computing constraints. Embedded systems have a single function and repeatedly perform a single operation. Embedded systems generally have finite memory storage in ROM as opposed to RAM. Embedded systems are most commonly microcontroller or microprocessor based with external connected peripherals to connect input and output devices.  
The embedded C programming is a collection of language extensions for the C programming languages. Embedded C language has additional extensions to the C programming language for programming microcontrollers and microprocessors like fixed – point arithmetic operations, named address registers and essential I/O hardware addressing.
A processor in an embedded system has two essential units which are the program flow control unit (CU) and the execution unit (EU). The CU includes a fetch unit for fetching instructions cache from the memory in the embedded system. The EU has physical circuits that implement the instructions and operations for all logical, arithmetic and memory decisions relating to data transfer and conversions operations. The EU includes the Arithmetic Logical Unit (ALU) which is an integrated circuit responsible for completing arithmetic and logical operations and all executes program control tasks like interrupt, reset and halt. A processor is mostly in the form of an integrated circuit chip either ASIC or SoC. Processors can be categorised into different categories like General Purpose Processors (GPP) that includes microprocessors and microcontrollers and then Application Specific System Processor (ASSP) and Application Specific Instruction Processors (ASIPs). Embedded systems most commonly have either a microprocessor or microcontroller inside the CPU acting as the main processor in the embedded system. A microprocessor is a single VLSI (Very Large – Scale Integration) chip inside the CPU and can have several other units that it fetches and executes instructions through floating point units and cache memory registers where data can be stored temporarily. A microcontroller is a single – chip VLSI unit which has a finite number of computing capabilities but has a greater number of I/O ports and a greater amount of on – chip program memory (ROM) and on – chip data memory (RAM). Embedded systems often have an additional processing unit called a digital signal processor which executes efficient discrete – time signal processing instructions for the fast execution of algorithms for filtering, characterisation and noise cancellations.

[bookmark: _GoBack]Embedded systems always contain analogue – digital and digital – analogue converters. An analogue – digital converter changes the analog signal sent by an external sensor like a light dependent resistor into a digital signal. A digital – analogue converter translates the digital data in binary from the processor into analogue data. An actuator compares the output from the digital – analogue converter to the predicted result already stored then stores the approved output. Embedded systems have ROM, RAM and flash memories. Read – only memory is a type of non – volatile memory where data stored in ROM can’t be changed of the manufacture of the memory and is helpful for caching software that is rarely changed in the system. Random – access memory is a form of memory that can be read and changed and typically stores working data and machine code. Embedded systems communicate outside the system through peripherals such as: serial communications interfaces and protocols like RS – 232 and RS – 422; synchronous serial interfaces like I2C and SPI; Universal Serial Buses; General Purpose Input/Output pins so it’s possible to interface with external hardware and network interface controllers like Ethernet and Wi-Fi. A timer is a specialised type of clock inside the CPU of consisting of a crystal oscillator that measures time intervals. A counter is a device that stores the frequency a particular process or events happens with respect to a clock signal. The timer in the PIC 18F45K50 has internal clock frequency of  and the maximum count rate of the timer is  of the oscillator frequency which is approximately . A timer utilises the frequency of the internal clock and generates delays and the counter utilises an external signal to count pulses.
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Figure 1b Definitions of SWs A – D, Motors A & B, LEDs 0 – 7. Declaration of analog, adc_read, analog_motor, lcd_motor, flash_mode and print2lcd functions. 
Figure 1a is a screenshot of the beginning of the embedded C program where I have defined the seven Pins D0 – D7 that enable the data input and display screen on the LCD display, and I have also defined the SWs A – D, Motors A & B and LEDs 0 – 7.  
I found the CCS compiler reference a beneficial resource which detailed example pseudo code and assisted me in writing the embedded code for the while loops where the SW1s  are defined to the input pins A1 – A4 and then each singular switch is defined to a singular function either adc_read, analog_motor, lcd_motor and flash_mode which will run if that singular switch is HIGH/TRUE. [3, p. YouTube video tutorial – CCS compiler reference].
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Figure 1b Definitions of unsigned int variables adc and SW1s A – D and initialising the adc channel and operation and lcd display. Setting the adc operation and analog functions up.
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Figure 1c Proteus circuit with the PIC 18F45K50 and the external peripherals – potentiometer, LCD display, two motors, sevens LEDs and the virtual terminal
Task 1 
The aim of Task 1 is to write code in embedded C to control the potentiometer  so when SW1 – A is selected to high the digital output of the ADC function is displayed on the LEDs and the subsequent output is printed on line 1 of the LCD display and the virtual terminal.
[image: ]
Figure 2a Proof of completing Task 1
Figure 2a shows the screenshot in Proteus of completing Task 1, line 97 reads the analog input from the analog function above where the adc_channel operation is set in lines 90 – 92 then line 99 prints the output of  from the potentiometer to the LCD display. Finally line 100 outputs the result of adc on  to port B.
[image: ]
Figure 2b Proteus circuit for Task 1 showing the output of the potentiometer on the LCD display and the potentiometer output displayed in HEX on the LEDs
Task 2
The aim of Task 2 is to code an embedded C program so when SW1 – B is selected the output of  will rotate Motor A. If  then motor A will rotate clockwise, if  then motor A will rotate anti – clockwise and if  then motor A will remain stationary. The digital output from the ADC on the potentiometer and the direction of rotation is displayed on line 2 of the LCD display.
[image: ]
Figure 3a Proof of completing Task 2
Figure 3a is a screenshot of code showing proof of completing Task 2. All the code for Task 2 is run in the analog_motor function, the code enters the first if statement if  so the motor spins clockwise when Motor A is set to HIGH and Motor B is set to LOW. The value of RV1 and the motor direction is printed on line 2. The code enters the first else if statement if the adc reading from  and the motors spins anti – clockwise and or enters the final else if statement is the adc reading is  so the motor doesn’t spin.
[image: ]
Figure 3b Proteus circuit showing the motor rotating clockwise and the ADC output of the potentiometer on the LCD display
[image: ]
Figure 3c Proteus circuit showing the motor not rotating and the ADC output of the potentiometer on the LCD display



[image: ]
Figure 3d Proteus circuit showing the motor rotating anti - clockwise and the ADC output of the potentiometer on the LCD display
Task 3
The aim of Task 3 is to write embedded C code so when SW1 – C is selected motor A will rotate continuously if the button status is HIGH and motor A will stop rotating when the button status is set to low. The status of the button showing if it is HIGH or LOW is displayed on line 3 of the LCD display and the virtual terminal.
[image: ]
Figure 4a Proof of completing Task 3
Figure 4a shows proof of completing Task 3. All the code is run inside the lcd_motor function if the input is on Pin A1 Motor A’s output is set to HIGH and Motor B’s output is set to LOW so the motor rotates clockwise when the SW1 – C is high. The status of the button is then printed on line 3 of the LCD display. Else both outputs of Motor A & B are low so the button doesn’t spin  and the button status is displayed on the LCD.
[image: ]
Figure 4b Proteus circuit showing the motor remaining stationary and not rotating when the button status is off
[image: ]
Figure 4c Proteus circuit showing the motor rotating anti - clockwise and the ADC output of the potentiometer on the LCD display
Task 4
The aim of Task 4 is to write embedded C code which runs so when SW1 – D is selected the LEDs 0 -7 will flash in the left to right directions with  delays and the message “Kitt mode” will be displayed on line 4 of the LCD display and the virtual terminal.
[image: ]
Figure 5a Proof of completing Task 4
Figure 5a shows proof of finishing Task 4. All code in run when the flash_mode function is called and the first LED which is LED_7 is set to HIGH which switches the LED on then a delay of  occurs while the LED flashes and the output is set to LOW so the LED switches off. This is repeated for all LEDs  and then the message is shown on line 4 of the LCD peripheral.[image: ]
Figure 5b Proteus circuit showing the LEDs flashing left to right with 150ms delays and the message displayed on line 4 of the LCD display
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void analog(void)
{

i

void adc_read(void)

{

set_ade_channel(0);
delay_uz(30);
adc = read_ade();

analog();
1ed_gotoxy(1,1);
printf (lcd_putc,
output_b(ade);

4 ade);

//read the analog input

//print adc on the LCD display
//output adc on RV1 to Ports
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103 void analog motor(void)
104 {

105 analog();
106 adc_read();
167 if(ade < 75) // RV < 75 - motor spins clockwise

108 { output_high(MOTOR_A) 5 //output HIGH Hotor A

109 output_low(MOTOR_B) //output LOW Hotor B

110 1cd_gotoxy(1,2); //display on Line 2 of LCD

111 printf(led_putc, " , adc); //print direction of motor and ADC value to LCD display
112 }

113

114 else if(adc > 175) //RV1 > 175 - motor spins anti - clockwise

115 {

116 output_low(MOTOR_A) 5 //output LOW Hotor A

17 output_high(MOTOR_B) 5 //output HIGH Hotor B

118 1ed_gotoxy(1,2);

119 printf(led_putc,” A
120 }

121

122 else if((adc >= 76) &2 (adc <= 174)) // Wotor off if adc >= 76 & <=174
123 {

128 output_low(MOTOR_A);

125 output_low(MOTOR_B) ;

126 1ed_gotoxy(1,2);

127 printf(led_pute,

", ade);

129 }
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void lcd_motor(void)

analog();

1 (input(PIN_AL))
{

else

output_high(MOTOR_A) 5
output_low(MOTOR_B) 5
1ed_gotoxy(21,1);
printf(led_putc, B

o)

output_low(MOTOR_A);
output_low(MOTOR_B) 5
1ed_gotoxy(21,1);
printf(led_putc,

//output HIGH Hotor A - if SW_C is pressed motor spins clockwise

//output LOW Hotor B
//display on Line 3 of LCD
//motor spins if button = on

//motor doesn't spin

)i //motor stops if button
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void flash_mode(void)

analog();

output_high(LED_7);
delay_ns(150);
output_low(LED_7);
output_high(LED_6);
delay_ns(150);
output_low(LED_6);

output_high(LED_5);
delay_ns(150);
output_low(LED_S);
output_high(LED_4);
delay_ns(150);
output_low(LED_4);

output_high(LED_3);
delay_ns(150);
output_low(LED_3);
output_high(LED_2);
delay_ns(150);
output_low(LED_2);

output_high(LED_1);
delay_ns(150);
output_low(LED_1);
output_high(LED_0);
delay_ns(150);
output_low(LED_0);

1ed_gotoxy(21,2);
print# (led_putc,

//output_HIGH LED 7
//delay 56ms
//output_LOW LED 7

//display on Line 4 of LCD
//flash mode
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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
#define LCD_DATA4 PIN D4
#define LCD_DATAS PIN DS
#define LCD_DATAS PIN D6
#define LCD_DATA7 PIN D7

#include <lcd.c>

//define SWA on PINAL for task 1
//define SW_8 on PIN A2 for task 2
//define SW.C on PIN A3 for task 3
//define WD on PINA4 for task 4
//define HOTOR_A_PIN_RCO for task 2
//define HOTOR_A_PIN_RCO for task 2
//define LED_0 - LED 7 for task 4

#define SW_A_PIN AL PIN A2
#define SW_B_PIN A2 PIN_A3
#define SW_C_PIN A3 PIN A4

#define Su_L

_PIN A4 PIN_AS
#define MOTOR_A PIN_CO
#define MOTOR_B PIN_C1

#define LED_0 PIN B0
#define LED_1 PIN B1
#define LED 2 PIN B2
#define LED_3 PIN B3
#define LED 4 PIN B4
#define LED S PIN BS
#define LED 6 PIN B6
#define LED_7 PIN B7

void analog(void);
void adc_read(void);
void analog_motor(void);
void led_motor(void);
void flash_mode(void);
void printaled(int);

unsigned int adc;
void main()

//define adc_read function
//define analog_motor function
//define Led motor function

//define flash_mode function

//define print to Led_display function

//declare global variables
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unsigned int adc;
void main()

//declare global variables

€
unsigned int Si_A;
unsigned int SIB;
unsigned int SH
unsigned int SHT
setup_adc_ports(sANe); //initialise ade channel
setup_adc (ADC_CLOCK_INTERNAL | ADC_TAD_MUL_0); //setup adc operation
led_init(); //initialise the LCD
while(TRUE)
€
Snput (SH_A_PIN_AL);
input (SI_B_PIN.A2);
input (S_C_PIN.A3) 5
D = input(S_D_PIN.A4);
printf (", %0, %0 0\ s SH_A,SH_B,SH_C,SH D)
iF (SA = TRUE) { /S A HIGH
ade_read(); //adc_read function runs if S A is high
¥
if(SW_B TRUE)  { //SW_B HIGH
analog_motor(); //analog_motor function runs if SW_B is high
if(SW_C TRUE)  { //SW_C HIGH
led_motor(); //lecd_motor function runs if SW_C is high
¥
if(SW_D TRUE)  { //SW_D HIGH
flash_mode(); //flash_mode function runs if SW_D is high
¥
¥
¥
vl nalog(icie)
set_adc_channel(9);
delay_us(30);
2dc = read_adc();
¥
Void ade_read(void)
s
analog(); //read the analog input
1ed_gotoxy(1,1);
printf(lcd_pute,”  outpuRvi-ia, ade); //print ade on the LCD display
output_b(adc); //output ade on RVI to Ports




