
Introduction  
The below script is designed to be as compact but as easy to follow as possible whilst achieving the requirements set out in the brief. The script when ran on a PIC18F45K50 (with the accompanying circuit) performs 4 tasks.
The first task outputs a potentiometer (Pot) value onto a LCD (Liquid-crystal display) screen, a vertical terminal using RS323 and onto a set of 8 LED’s.
Task two reads the Potentiometer value and depending on the condition it meets will spin a motor clockwise (CW), Anti-clockwise (AC) or pause it. 
The third tasks uses an idea from a 1980’s TV show, Knight rider [1] in which a series of LED’s turning on and off from left to right in order.
 The fourth and final tasks focuses on a button press, if it is recessed then the motor will spin clockwise if it isn’t recessed it won’t spin and will indicate this on an LCD screen. 
 
The development process  
During initial development a menu style system was set up, this was attached to a multi-point switch and a printf statement for each option of the switch, this allowed visual confirmation on an LCD that the switch was working. 

[image: ]
Figure 1 - Example of menu style switch test

Once the switch code was confirmed to be working, it was onto looking into the required operation for each task, starting with task two. 
Operation 2 
As task 2 relies on the potentiometer value, it first had to be read onto the chip. Once this was done a conditional IF was written to test it was being correctly read in and be compared to an integer value correctly.

[image: ]
Figure 2- testing the pot value vs an integer value
Once the if statement was confirmed to work a further if statement was added to meet the upper condition i.e.>176. However, this then left the numbers between 76-176 unaccounted for in the conditional statements. This was initially solved by an else statement to account for the left numbers. However this was later changed out for a more precise two condition if statement.  
[image: ]
Figure 3 - More precise two conditions if statement
Once all the if statements were confirmed to be working, a printf command was added to state what the POT value was and which way the motor is spinning. Once this was added it was found it could be optimised by placing the rotation commands in a subroutine to call on throughout the code rather than repeating the lines of code. Once this was added the printf command for the direction of the motor spinning was added. The location for where the line would lay was omitted as this would change task to task. 
[image: ][image: ]
Figure 4 - CW subroutine with motor controls 
Figure 5 - CW subroutine with motor controls and printf

Task 3 
Task three was Kitt mode from Knight rider, to do this a sequence of flashing LED’s were mapped to a hex value to output on the PORT. To make sure that the LED’s went from left to right then back it was found that they would need to be turned on from the MSB (most significant bit) to LSB and back again this was done through HEX values as can be seen below. 
[image: ]
Figure 6- LED to illustrate the hex values being applied

	Decimal 
	128
	64
	32
	16
	8
	4
	2
	1

	Binary 
	10000000
	01000000
	00100000
	00010000
	00001000
	00000100
	000000010
	00000001

	HEX
	0x80
	0x40
	0x20
	0x10
	0x08
	0x04
	0x02
	0x01
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Once the LED’s ran correctly, a  printf statement was added. However once this was added it was found that the last LED that was on would be left on and so a clear_outputs() subroutine was added in. This cleared the LCD screen and turned the LED’s off each time the switch was pressed to make sure no output was carried from one switch condition to another. Originally each pin was turned of individually but it was found this could be done more efficiently with one line as can be seen below. 
 [image: ][image: ]
Figure 7 - Clear_outputs() subroutine addresses B as a whole
Figure 8 - Clear_outputs() Subroutine individual pins
This meant that no previous outputs were carried over to other operations. 
Task 1 
Task 1 focused on outputting the pot value onto the LED’s, the LCD screen, and the vertial terminal. Initially it was planned that all the HEX values from 0-255 would be written out and then be used but it was found there was a much more efficient way of doing it. Due to the way the PIC works it reads binary, hex and decimal values to the ports directly. This meant that the operation was far easier to complete more accurate but also much shorter. 
[image: ]

 A 250ms delay was added  to the operation as without it the script ran rather quickly to comfortably see so adding in the delay gives the user a much easier viewing experience. To further make the LCD sceen more readable a \r command was added. This means that the code will run vertically not horizontally. 
[image: ]
Figure 9 - explanation of LCD with and without /r command
Task 4
Task 4 focuses of buttons, specifically the difference between a button going high and low. When a button is recessed it is high and low when it pokes out. When the button is recessed it must spin the motor clockwise and print this on the LCD screen. When the button isn’t recessed it must stop spinning and state this on the LCD.  To do this initially a conditional if statement was used as it checks if the button is high or not. Once this was confirmed to work the further parts such as the motor turning and the location of the line the text needed to be printed on were added. However a way for all other conditions to be accounted for was needed, to do this an else statement was used. This means if the condition of the if statement doesn’t work then it must fall into this category. Then the final printf  command was added. 
[image: ]
Figure 10 - Task 4 code
Optimisation 
Once the assignment requirements were met, the code was optimised to make it further streamlined as easier to use and review.
This was initially done by looking for anywhere where the same line was used more than once or were independent operations or actions that could be needed later on.
 One such example is the Anit-clockwise motor spin, despite it only be used once in the code, by turning it into a variable you can call on it much easier in future as had previously been done with the clockwise spinning. Once the code was optimised as much as possible in subroutines each global variable was  checked and had what they were doing and were being used reviewed. It was discovered that a number of global variables  were redundant and had been used to check syntax in development.

Challenges and discoveries 
During the creation of the script a number of challenges cropped up which helped reinforce a number of key concepts. One challenge was the of flashing text on my LCD screen despite the condition not changing.
[image: ]
Figure 11 - flashing code example
This was discovered to be due to the \f command, this would clear the screen continuously, this was able to be solved by simply taking out the \f . 
[image: ]
Figure 12- example code without /f
However this left a few odd letters at the end of LCD text. 
[image: ]
Figure 13- Broken LCD
This was due to the circuit no longer clearing the screen and not fully writing over the previous text. The fix to this was simply to add in some white space at the end of my text in the LCD command, so it was fully covered.
[image: ]
Figure 14- fix for LCD screen
[image: ]
Figure 15 - fixed LCD screen

Improvements for the future
To improve the code it is recommended that further optimisation is added using subroutines for actions within the script such as motor spin instructions. With the further addition of description labels for each setting on the switch which would make the programme more user friendly. A user guide to aid the use of the  script is also recommend , however one is not required on this occasion for the assessment. 
Conclusion 
Inconclusion by following the above steps a user would be able to create a simple easy to read script that also meets all the required points of the brief. Whilst allowing for learning opportunities to discover key features of C for future tasks. 
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void

{

clear_output(void)

output_low(PIN_BO);
output_low(PIN_B1);
output_low(PIN_B2);
output_low(PIN_B3);
output_low(PIN_B4);
output_low(PIN_BS5);
output_low(PIN_B6);
output_low(PIN_B7);
printf("\7");
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void clear_outputs(void)

{
output_b(0x00); // ¢
printf("\F");
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void operationl(void)
{
1cd_gotoxy(4,1);
printf(led_putc, "pot
printf("\r pot val
value=read_adc();
output_b(value);
delay_ms(250); // added a delay so it wouldn't refresh as quickly

u",value);
,value);
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To left : LCD with /r
Above : LCD without /r
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void operation4(void) // name of
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if(input(PIN_A1)) // chi

| {
led_gotoxy(21,1); //
clockwise(); // a sub
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else // this is a catch

| {

led_gotoxy(21,1); //
printf(lcd_putc,

output_low(PIN_CO); |
output_low(PIN_C1);/,
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lcd_gotoxy(21,1); // tells the LCD w
printf(led_putc, "\ fnot spinning





image14.png
lcd_gotoxy(21,1); // tells the
printf(led_putc, “not sp





image15.png
not seinnindinning





image16.png
TrT=eT EERI ATy Sy s mEE s e EEE e e A

printf(lcd_putc, “not spi DHY/4





image17.png
not seinning





image1.png
case 1 @ operationl();
Break;

void operation1(void)
8(
Printf(lcd_putc,”operation 1 )




image2.png
void operation2(void)
19
value=read_adc();

if(value<75)
) {

e
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if (value<176 & value >75)

{
led_gotoxy(21,1);
printf(led_putc, "pot value - %4u",value);
led_gotoxy(1,2);
printf(led_putc, “not spinning "

output_low(PIN_CO);
output_low(PIN_C1);
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void clockwise(void)
B{

output_high(PIN_C0);
output_low(PIN_C1);
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void clockwise(void)

1{

printf(lcd_putc,
output_high(PIN_C0);
output_low(PIN_C1);

H




