


[bookmark: _Toc162975203]Abstract 
The following report aims to further enlighten and explain the coding choices made when carrying out the tasks outlined in the Embedded C module assignment ACDA4013. 
Each section of this report will focus exclusively on one of the four tasks within the assignment, with explanations of how the embedded C operates within its task to produce its desired output.   
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[bookmark: _Toc162975205]Introduction
It is within this report that the use of embedded C will be demonstrated and explained through a simulated circuit, shown in Figure 1, that has been constructed within Proteus 8. The embedded C within this system is being used to control the Pic18F45K50 and has used the compiler program CCS to produce the relevant background code for the full operation of the Pic. 
The circuit itself has been constructed to receive 6 inputs with 4 of them being the primary triggers for the 4 tasks. Each of the tasks will activate multiple of the 11 outputs with some of them using the remaining 2 imputes as further triggers for their relevant task. 
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[bookmark: _Toc161836690][bookmark: _Toc162975232]Figure 1 (Proteus 8 Simulated Circuit)







[bookmark: _Toc162975206]Foundation Code
This section will look into the used global variables and the functions that are defined before the tasks are initiated, along with the code that works as the response to the switch inputs. 

[bookmark: _Toc162975207]Global
In the program and shown in Figure 2, there are 7 global variables used throughout the code. Theys variables have already been defined meaning that they can be used and modified for purpose within any of the tasks and following functions. 
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[bookmark: _Toc162975233]Figure 2 (Global Variables)

[bookmark: _Toc162975208]Switch Command
Shown in Figure 3 is the main switch case function used to direct the correct output when an input signal is received. It can be seen within this section that both the tasks and case values do not ascend traditionally, with the case number values dubbing each time and the task values being random.   
The reasoning behind the latter is simply due to design reasons as the subroutine titles can be set to whatever the designer wishes. In the case of this code, the titles of tasks were given to the routine so that the construction of the program was clear. Why they are not in order is due to the design specifications requiring each task to correspond with one of the outputs of the switch. 
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[bookmark: _Toc162975234]Figure 3 (Switch Case In Maine)

The case values that are used are binary figures that correspond with each of the input pines to the pic. An example of this will be when the switch is in the top position, case 1 will be activated. But when the switch is in the bottom position, case 8 will be activated. This operation only works as intended due to a function that is called at the start of the while loop named “read_switch”.
Within this function and what is shown in Figure 4, is the activation of the entirety of port a as an input for the pic. This is followed by the hexadecimal value of all the pines that are being used by the Pic (A0 to A5) being declared. Due to the switch not having its connections to the first 2 pins in port A, masking has been applied. This masking shifts the 4 inputs from the switch across by 2 places so that they all fit within a hexadecimal cut of band but still allow the inputs at A0 and A1 to function as inputs with no effect on the switch commands. 
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[bookmark: _Toc162975235]Figure 4 (Read Switches Function)

[bookmark: _Toc162975209]Key Functions	
The “clear” function is used within the main while loop where it is attached to a global variable “ops! = old_ops”. Its function within this section is to clear the LCD and virtual screens and put all the output pines to low when the switch is changed preventing any overlap of operations when a new task is selected. “Clear” is used again within task 2 to prevent repeat printing to the virtual machine. Figure 5 shows the “clear” function.  
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[bookmark: _Toc162975236]Figure 5 (Clear Function)


The “Read_pot” function starts by activating pin A0 as its input, it then uses the input from the variable resistor at A0 to produce a value that is used throughout the tasks. The code for this function is seen in Figure 6.   
[image: ]
[bookmark: _Toc162975237]Figure 6 (Read Pot Code)


[bookmark: _Toc162975210]Task 1
The cod used for this section can be seen in Figure 7. It begins with an x y positioning for the LCD screen, this coordinate sets the text on the LCD to line 2. This is then followed by 2 print statements that use the “read_pot” function to show the value of the resistor on both the virtual terminal and LCD.
After this, the code is split into 3 sections separated by an if, if else, and else statement. Each statement is activated when the pot value is within its given range. For example, the first if carries out its function when pot is equal to or less than 75.
Within each of the functions are 2 activation lines of code for Pin_C0 and Pin_C1, depending on which direction of rotation the motor is to move depending upon which pin is made high. Following this are 2 more print statements that are placed a line below the pot value. These print statements inform on the movement status of the motor. 
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[bookmark: _Toc162975238]Figure 7 (Task 1 code)
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[bookmark: _Toc162975239]Figure 8 (Task 1 in Operation)
[bookmark: _Toc162975211]Task 2
The code shown in Figure 9 is activated when the switch is in position SW1-C. The screens displace “Kitt Mode” and the LEDs simulate the pattern displayed by the car (Kitt) from the show Night Rider. This is shown in Figure 10. 
As the routine is activated, an if statement comes into action. This if statement uses the “clear” function in conjunction with a global variable “old_ops” that checks to see what is being displayed and clears all outputs if it is not the same as the following commands. Within the if, are the print functions for both screens positioned to sit in the central bottom of the LCD. 
This is then followed by the for statement. Within this function, the 2 previously defined hex values and the letter q are used together to simulate the rippling LED effect. The q acts as a placeholder as to where the hex count is, with the value being increased by 1 if the position of q is less than 15. The hex values start high, too low then back high again coursing the ripple to go left to right on the LED layout.   
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[bookmark: _Toc162975240]Figure 9 (Kitt Mode Code)

[image: A computer screen shot of a computer

Description automatically generated]
[bookmark: _Toc162975241]Figure 10 (Visual of Task 2 Operation)

[bookmark: _Toc162975212]Task 3
The code shown in Figure 11 heavily depends on the already explained “read_pot” function. Both the print functions use the same method as in Task 1 to display the value of the resistor with the only difference being the positioning of display on the LCD screen. 
For the LED output to display the binary value of the resistor, a simple command of output “Value”, an already defined variable within “read_pot”, is used to send the input of A0 to all the outputs on port B. 
All of this is held within an if statement that uses a variable equal to “read_pot” to refresh the outputs as the resistor changes. This also prevents the screens from strobing. 
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[bookmark: _Toc162975242]Figure 11 (Task 3 Code)

[image: A computer screen shot of a computer

Description automatically generated]
[bookmark: _Toc162975243]Figure 12 (Simulation of Task 3)

[bookmark: _Toc162975213]Task 4
When the switch is placed into its final position SW1-D, Task 4 is primed. Both displayed will prompt the user to press the button located on Pin-A1. As soon as the button is pressed, the display will inform the user of the button's position, and the motor located on pins C0 and C1 will begin to rotate clockwise. As soon as the button is realized, the motor will stop and task 4 will go back to its primed state. 
This task works by using an if else statement which is shown in Figure 13. As soon as the switch is placed into position, the else is activated. This can be seen as the primer for the main objective of the task and displays a prompt to the screens for the user. It also makes sure that both C0 and C1 pines are set low, holding the motor stationary.  
Once the button is pressed, the condition for the if statement is met, which is to receive a trigger high at input A1. This initiates the display to show the button has been pressed to the user and for the moto to begin rotation. For the motor to begin moving clockwise, C0 is output high and C1 is held low. As soon as the button is released, the if condition is broken and the task is primed.
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[bookmark: _Toc162975244]Figure 13 (Task 4 Code)
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[bookmark: _Toc162975245]Figure 14 (Task 4 in Operation)
[bookmark: _Toc162975214]Conclusion 
In conclusion, this report has demonstrated the effectiveness of using embedded C to power a microcontroller. It has shown how relatively simple of a language it is and how Proteus, alongside CCS, can be used with great effect to simulate and test code within embedded systems.
If further development would be carried out upon the circuit/code covered within this report, only minor changes will be put into action. The first of which will be the addition of interrupts for each operation, this should allow the task to work instantly without any overlap from the previous section. Another adjustment would be to use different functions that achieve the objectives of each task but in a more effective manner. 
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//Global veriables that are used within the code in some cases more than once.

//This is used for the knight rider count, from left to right.

//This relates to a refres of the LD with refrens o the veriable resistor value.
//Relates to the chainging of the switch.

//Alowes for a refresh of the LCD and the clearing of alloutputs.

//ALLowes for the switches veriable to be used across taskes.

//a veriable used multiple times relating to the value of the veriable resistor.
//q is used as the binarey check value for the LED's.
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40 void main()
a1E{

42 setup_ade_ports(sane);

a3 setup_adc (ADC_CLOCK_INTERNAL | ADC_TAD_MUL_8) ;
a

45 ldinit();

6

a7 while(TRUE)

4508 t
a9

so ~o1d_ops) clear();
51 Suiteh(ops)

520

53 case 15 taska()s
sa break;
ss taski()s
se break;
57 case 45 aska();
6 break;
so taska();
0 break;
&1 defaults break;
62 ¥

& o1d_ops-ops;

5 b

65

6 }

&

//Initialise adc channel A.
//setup ade operation.

//Activates the use of the LCD.

//Alines the ops veriable to the switches state.
//Compears the switch state to its current state and preformes a clear if not the same.

//ALLocates eatch taske to a switch position.
//Task 3 located at switch position Swi-A.

//Task 1 located at switch position Si-6.
//Task 2 located at switch position Si-C.

//Task 4 located at switch position Si-D.
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77 _unsigned int read_switch(void)

#E {
7
s0
a1
82
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unsigned int switches;
switches = input_a();
switches = switches 80x3C;
switches/= 4;

return (switches);

//This is the switch function.

//sets new veriable within the function names switches.
//Activates intiratey of part A as inputs.

//sets specified input pines vier Hex value.

//Maskes the 2 unwanted pins (46 & A1) by using binarey value.
//Returnes the position of the switch.
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68 _void clear(void)

69H {
70

7
72
73
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s}
76

printf(led_putc, \+);
output_loupin_(0);
output lou(Pin c1);
output b(0x00);
printf("\);

//This is the clear function.

//Clears the LcD.
//Puts output on Co pin to Low.

//Puts output on C1 pin to Low.

//sets outputs of B-pins to Low vier hex value.
//Clears Virtuwel terminal.
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86 _unsigned int read_pot(void)
878 {
2 set_ade_channel(0);

8 delay_us(20);
%0 value=read_adc();
a1 return(value);
2 3

93

//This is the Veriable resistor function.

//Tells where the veriable resistor is inputing its value.
//blays 26us to alow for value to be read.

//Value of veriable resistor read and lables a value.
//Returnes value on veriable resistor.
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if (read_pot()<=75)
{

output_high(Pin_Co);
output_low(Pin_C1);

1ed_gotoxy(21,1);
printf(led_putc,
printf(" roter Clo
delay_ns(value);

¥

else if (read_pot()>=175)
{
output_high(Pin_C1);
output_low(Pin_C0);

1ed_gotoxy(21,1);
printf(led_putc,
printf(" roter Anti
delay_ms(value);

¥

else
{
output_low(Pin_C1);
output_low(Pin_C0);

1ed_gotoxy(21,1);
printf(lcd_putc, “toter Stop
printf(" roter St

delay_ms(value);

1", read_pot());

void taskl(void) /3 sttt G L F R R R R R R R R R R I RT3 333

//Sets the position of texst on LD
//Prins the value of the veriable resistor onto the LCD.
//Prints value of veriable resistor onto the Vertuwal terminal.

//Lookes if the veriable resistor is Less then or = to 75

//Activates the moters movement by powering one side.

//Sets the message of the L(D to a sentral ish position below the veriable resistore reading.
//Prints moters direction of rotation to the L(D and veriuwel mashine.

//Checks to see if the veriable resistor is more than or = to 175.

//Sets Pin C1 hige when C0 is Low resulting in the moter rotatng the oposit direction to above.

//Prints the direction of rotation to the LCD and vuruwel mashine

//Tf the above conditions are not made e.g veriable resistor value between 76 to 174. Carrey out functio

//Both C pin outputs are put Low resulting in no powere reaching the moter and no movement.

//Prints to the LCD and vurtuwel mashine that no movement is happening.
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377 Ui (ot opsioops)
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1 e A //Prints to the LCD.
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151 void task3(Void) //Fr T S T T T I T R T T T T T R R T T T R T E T Ay

1528 {
153 new_value = read_pot(); //Sets the new value to the some as the Read_pot function

154

155 if (old_value!=new_value) J/If the current value is not the same os the new, carrey out below operation.

1568 I

157 output_b(value); //The output showen on the LED's will be the same as that of the verisble resistores value

158

159 1ed_gotoxy(5,1); //Sets the position of the texst to the LCD to the top senter of the screen.

160 print(led_pute, Por Value %307, read pot()); J/prints veriable resistor value to the LD screen.

161 printf ("7t valle %\, read_pot()); J/prints veriable resistor value to the verturel screen.

162 3

163 o1dvalue = new_value; //makes the old value the same as the new input and prevents span printing to the virtusel mashine.
6}

165
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1678 {

168 $F(input(pin A1) //fonley carries out the following function if o input is detected on pin A1
1698 i

170 output_high(Pin_Co); //Pin Co is hige resulting in the moter preforming a clockwize rotation.

71 output_Low(Pin_{1); Jfpin 1 st to Low

172

173 Led_gotoxy(24,1); //sets texst to appear on Line 3 and sentraley on the LD

174 printf (led_putc, futton Jprints to the LD

175 J/prints to the virtunel mashine

176 3

177 else //Thst else action activates as Long as the button is not pressed / Pin Al dos not resive o inmput.
1758 t

179 output_Low(Pin_Co); //fonce Pin A1 no Longer has a input, puts both CO and CI to Low stopping the moter rotation.

180 output_Low(Pin C1);

181

182 Led_gotoxy(24,1); //sets texst to appear on Line 3 and sentraley on the LD

183 printf (lcd_putc Jprints to the LD

184 printf("eric ot J/prints to the virtunel mashine

185 3

1w )

187
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