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[bookmark: _Toc1251426591][bookmark: _Toc1036586084]Abstract:

The project explores microcontroller programming and interfacing using the PIC16F84A microcontroller and Proteus simulation software. The goal is to develop firmware to control a seven-segment display for counting in hexadecimal and responding to user inputs. Tasks included designing the circuit in Proteus, programming the microcontroller in assembly language, and implementing features such as button-driven displays and LED segment control. The project provided hands-on experience in embedded systems design, microcontroller programming, and interfacing techniques. Through assembly language programming, we gained proficiency in manipulating hardware components using bitwise calculations and logical operations. The combination of Proteus simulation and assembly language programming allowed for the development and testing of firmware in a virtual environment before implementation on hardware.
[bookmark: _Toc785158425][bookmark: _Toc1894170352]Introduction:

The count project is an exploration of microcontroller programming and circuit design, focusing on the PIC16F84 microcontroller and Proteus simulation software. The project aims to develop firmware to control a seven-segment display, enabling counting in hexadecimal and responsive user interaction. The PIC16F84 serves as the central processing unit (CPU), executing programmed instructions to manage display output and handle user inputs. Utilizing Proteus simulation facilitates circuit design and testing. ensuring efficient development and debugging. By looking into assembly language programming, this project enhances understanding of embedded systems, bitwise calculations, and hardware interfacing. Through a series of tasks, including button-driven displays and LED segment control, the project demonstrates practical applications of microcontroller programming in real-world scenarios. This introduction sets the stage for a comprehensive exploration of microcontroller-based systems, illustrating the fusion of theoretical knowledge with practical implementation in the field of electronics.[6]
Circuit Simulation
The circuit simulation for the project has been conducted using Proteus simulation software, a versatile tool commonly employed for electronic design and testing. The simulation was configured to accurately replicate the hardware setup of the PIC16F84A. Encompassing the microcontroller, seven-segment display, and associated peripherals.
The circuit design consists of the PIC16F84A microcontroller serving as the central processing unit, responsible for generating control signals to drive the seven-segment display based on user input. The seven-segment display, comprising individual segments for numerical representation, visually communicates the output generated by the microcontroller.
Screenshots of the circuit simulation in Proteus provide a visual representation of the hardware setup, showcasing the interconnection of components and the flow of signals within the circuit. Through meticulous configuration and testing in the simulation environment, the behavior and functionality of the count project can be observed and analyzed in a controlled and repeatable manner. As shown in figure.1 below the full circuit is designed using Proteus. A further look at each component and their functionality will be further explained. 

[image: ]Figure [1] 

Using a simulation process such as Proteus enables the designer to refine and optimize the circuit design, ensuring compatibility, reliability, and performance before transitioning to physical implementation. 

Explanation of Components
PIC16F84 Microcontroller
The PIC16F84 microcontroller acts as the brain of the system, executing program instructions and controlling the operation, as the central processing unit (CPU) of the count project. It is a versatile 8-bit microcontroller manufactured by Microchip Technology, featuring a compact yet powerful architecture suitable for a wide range of embedded applications. [1] In the context of the project, the PIC16F84 performs program instructions stored in its internal memory to control the operation of the seven-segment display and respond to the users input from buttons and switches. 
Figure.2 below shows the PIC16F84A that has been used for the project.

[image: ]
Figure [2] 
The function of the connection pins can be found using manufactures data sheet. [2] The figure below shows the pin connections of the PIC and their relevant input/ output functions. By extracting this information, it allows the designer a clear understanding of the PIC16F84A pinout descriptions allowing the circuit design to integrate to the 7-segment display through a series of control signals.  


[image: ]
Figure.3 [2]

Seven-Segment Display
The seven-segment display is a common output device used to visually represent numbers and some letters. It comprises seven individual segments arranged in a pattern that can display numbers from 0 to 9, as well as some letters in the alphabet (A-F) when used in hexadecimal mode. In the project, the seven-segment display is driven by the PIC16F84A microcontroller through a series of control signals, each corresponding to a specific segment of the display.[3] By selectively activating and deactivating these segments, the microcontroller can display numerical values and other characters as desired. Figure [4] below shows the display used for the project on the Proteus simulation. 
[image: ]
Figure.4

Buttons (Switches)
In this Design the Buttons (switch) serve as an input device for the project, allowing the user to interact with the system and trigger specific actions or functions. In the circuit, the buttons are used to initiate counting operations, change display modes, they can also perform other user-defined tasks. These input devices are connected to the PIC16F84A microcontroller and are configured to generate digital signals representing their states pressed or released when activated by the user Figure [5] below illustrates the buttons in the circuit connected into their specified locations RA0 & RA1 in the microcontroller PIC16F84A. 
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Figure.5
Crystal oscillator
A crystal oscillator is a fundamental component in electronic circuits, pivotal for precise timing in various applications. It harnesses the piezoelectric properties of a quartz crystal, converting mechanical vibrations into electrical signals. Within the circuit, the crystal's resonance frequency is monitored and adjusted through a feedback loop to maintain accuracy. This stability ensures consistent performance even amidst environmental factors like temperature changes. The oscillator's output is a dependable sine wave, serving as a reference for timing operations in devices ranging from clocks to communication systems. Its unparalleled precision and stability make crystal oscillators indispensable in electronics, guaranteeing reliable functionality across a spectrum of technological advancements. [3] 
Figure.6 shows the crystal in the circuit design below.  

[image: ]
Figure.6
Passive Components
The circuit also includes various passive components such as resistors and capacitors which play crucial roles in signal conditioning, voltage regulation, and noise suppression. Resistors are used to limit current flow and adjust voltage levels, while capacitors store and release electrical energy to stabilize power supplies and filter out high-frequency noise. 
[bookmark: _Toc313092806][bookmark: _Toc517654706]Design:
Explanation of Hexadecimal Display
For the count project to be successful, the 7-segment display must accurately count hexadecimal characters from 0 to F. This necessitates a thorough understanding of binary values, carefully considered and calculated. Each digit or letter on the display corresponds to a specific binary digit (0 or1), determining whether a particular segment is illuminated or not. 
To achieve this, binary calculations are utilized to generate the patterns for each digit.
As depicted in Figure 6 below, each line marked as a, b, c, d, e, f, g represents a specific LED that will either have a binary value of 0 or 1 (LED on or off). For example, to display the character '0', only segment 'g' would have a value of 0, while the remaining segments would all have a value of 1.
Repeating this process forms a reference table, as shown in Figure 7 below, which adds all the desired characters we aim to achieve to their specific binary I/O values. By assigning a value for each of these, we can then convert them into hexadecimal format for programming the code in the microcontroller. This allows the controller to send specified signals to the display as requested from the inputed data during the programming process.
In the table below, the binary values are converted to hexadecimal. For example, the binary value of character '0' is 1000000, which equals 0x40 in hexadecimal format. This indicates that segment 'g' will remain off, while the remaining segments will all illuminate, forming the number 0.
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Figure.6 [3]

Repeating this process forms a reference table, as shown in Figure 7 below, which adds all the desired characters we aim to achieve to their specific binary I/O values. By assigning a value for each of these, we can then convert them into hexadecimal format for programming the code in the microcontroller. This allows the controller to send specified signals to the display as requested from the input data during the programming process.
In the table below, the binary values are converted to hexadecimal. For example, the binary value of character '0' is 1000000, which equals 0x40 in hexadecimal format. This indicates that segment 'g' will remain off, while the remaining segments will all illuminate, forming the number 0.


	Binary Values 
	8
	4
	2
	1
	8
	4
	2
	1
	Added value of [O+I]

	
	
	
	
	
	
	
	
	
	

	Character 
	Sounder 
	g
	f
	e
	d
	C
	b
	A
	Hex 

	0
	0
	1
	0
	0
	0
	0
	0
	0
	0x40

	1
	0
	1
	1
	1
	1
	0
	0
	1
	0x79

	2
	0
	0
	1
	0
	0
	1
	0
	0
	0x24

	3
	0
	0
	1
	1
	0
	0
	0
	0
	0x30

	4
	0
	0
	0
	1
	0
	0
	1
	1
	0x19

	5
	0
	0
	0
	1
	0
	0
	1
	0
	0x12

	6
	0
	0
	0
	0
	0
	0
	1
	0
	0x02

	7
	0
	1
	1
	1
	1
	0
	0
	0
	0x78

	8
	0
	0
	0
	0
	0
	0
	0
	0
	0x00

	9
	0
	0
	0
	1
	1
	0
	0
	0
	0x18

	A
	0
	0
	0
	0
	1
	0
	0
	0
	0x08

	b
	0
	0
	0
	0
	0
	0
	1
	1
	0x03

	C
	0
	1
	0
	0
	0
	1
	1
	0
	0x46

	d
	0
	0
	1
	0
	0
	0
	0
	1
	0x21

	E
	0
	0
	0
	0
	0
	1
	1
	0
	0x06

	F
	0
	0
	0
	0
	1
	1
	1
	0
	0x14



Figure.7
This table serves as a comprehensive reference for programming the microcontroller to accurately control the seven-segment display, ensuring the desired characters are illuminated as intended.
For further context and understanding of the system, Figure 8 below demonstrates the relationship between the PIC microcontroller and the seven-segment display. The red squares indicate a binary value of 1, which corresponds to an off state for the respective segments, while the blue squares represent a binary value of 0, indicating an on state. The data sent to the microcontroller from the code determines whether a segment should be illuminated or not, based on the binary values received. 

[image: ]
Figure.8

I will provide examples of binary/bitwise calculations used to generate the patterns for each hexadecimal digit. Each segment of the seven-segment display will be controlled based on the binary representation of the desired hexadecimal digit.

[bookmark: _Toc444856363][bookmark: _Toc1436776017]Task 3- Assembly language programming:

In the project, assembly language was applied programming on Proteus to develop the code for the four specified tasks. Assembly language is a low-level programming language that directly corresponds to the machine code instructions executed by the microcontroller.
Using Proteus, we accessed the development environment and wrote assembly code tailored to the PIC16F84 microcontroller's architecture and instruction set. Each task required careful consideration of the microcontroller's capabilities and the desired functionality, translating high-level concepts into precise assembly instructions.

3.1 Modify “Count.asm” so that the seven segment display counts from 0 to F in hexadecimal numbers in 0.5 second increments.
Figure.9 below shows the flow chart created for task 3.1 as stated above.  
Flowcharts are invaluable tools in software development and process engineering due to their ability to visually represent complex algorithms and procedures into easy-to-follow processes. Flowcharts enhance clear understanding for developers and users. They provide a structured approach to problem-solving, allowing for systematic analysis and identification of errors early in the design phase. They also offer documentation for aiding in troubleshooting and future reference. Overall, flowcharts streamline development processes, improve comprehension, and facilitate effective communication and decision-making saving time and energy in the real world. [5] 

[image: ]
Figure.9

Code assembly for 3.1 
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3.2 Program to display 1 when you press the green button and 2 when you press the black button. 
Figure.10 below shows the flow chart created for task 3.2 as stated above.  

[image: ]
Figure.10
Program Assembly for task 3.2
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3.3 Modify Program so that one button causes all the LED segments to light and the other turns them off. The switch must latch for the function to remain. 
Figure.11 below shows the flow chart created for task 3.3 as stated above.  
[image: ]
Figure.11

Program Assembly for task 3.3 
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3.4
Pseudocode is a high-level, informal description of a computer program or algorithm, written in plain language with some programming constructs. It allows developers to outline the logic of a program without getting bogged down in syntax details, making it a flexible and accessible tool for algorithm design. Pseudocode helps clarify the steps of an algorithm, facilitating collaboration among team members and aiding in the planning and conceptualization of software solutions. It serves as a bridge between human-readable descriptions and actual code implementation, enabling efficient problem-solving and algorithm development. [5]
Initialize a variable called "counter" to 0: This step sets up a variable to keep track of the current count value.
Start an indefinite loop to continuously monitor button presses: This loop ensures that the program continuously checks for button presses so that the user can interact with the system at any time.
If the black button is pressed, increment the counter by 1: This condition checks if the black button is pressed, and if so, it increases the value of the counter by 1.
If the green button is pressed, decrease the counter by 1: Similarly, this condition checks if the green button is pressed, and if so, it decreases the value of the counter by 1.
Display the current value of the counter on the seven-segment display: After each button press, the current value of the counter is displayed on the seven-segment display so that the user can see the updated count.
Continue looping to allow the user to increment or decrease the counter as desired: Finally, the loop continues indefinitely, allowing the user to continue pressing the buttons to increment or decrease the counter as needed.
Program Assembly for task 3.4
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[bookmark: _Toc368592854][bookmark: _Toc1210860784]Conclusion:

In summary, the project looked at microcontroller programming and interfacing using the PIC16F84A microcontroller and Proteus simulation software. Through tasks like circuit design, assembly language programming, and feature implementation, it provided insights into embedded systems design. Exploring concepts like binary calculations and hardware interfacing deepened our understanding of microcontroller-based systems.
Proteus simulation and assembly language programming enabled efficient firmware development and testing before deployment on physical hardware. Successfully achieving tasks such as button-driven displays and LED segment control demonstrated practical applications of microcontroller programming.
The project highlighted the importance of systematic design methodologies and collaborative problem-solving in embedded systems development. By leveraging the PIC16F84A microcontroller and Proteus simulation, we navigated challenges and implemented desired functionalities.
Overall, the project served as a platform for honing practical skills and gaining hands-on experience in microcontroller programming and circuit design. Highlining the significance of microcontroller technology in modern electronics and its widespread impact across industries. 
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inde equ ox00
PSR equ oxed

porta  equ exas 3port A address
trisa  equ ex0s trisA in odress register bank 1

ports  equ 0x06 sport B address

trish  equ @x06 itris cddress in register bank 1

status equ 0x03 ;status register

RPe equ s 3bit 5 of status register

RPL equ 6 ibit 6 of status register

count equ  @xec  jeaumteroto2ss]
nCount equ  oxed 3 pause routine inner Loop counter.

Count equ  oxoe 3 pause routine outer Loop counter

org  oxeo0
start.

bef status,RP0  ; clear bank selection bits in the status reg

bef status,RPL

bsf status,RP0 ; select bank 1

3 Set porta as inputs

movlw  0x03 3 Load w with 003 - 2 LSBs set

mowf  trisa iset 2158 = port A as inputs (switches)

movlw  oxe0 3 Load w with x00

mowf  trizh 3 Load it into trisb to make portb all outputs
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4% ;subroutine pause: lets waste some time.

CEEEe-—-=-”=sii :

430 jinputs: nothing
a1

432 joutputs: nothing

a3

1

a5

43 ;does: nothing but waste some time

7

48 jcorrupts: register I

a1

0

a1

402 ;description: two Loops using “mCount” and "nount” register files
a3

P “mCount™ is the outer Loop counter (255 down to zero)
25

5 ; “nCount™ is the inner Loop counter (255 down to zero)
a7

8

23

450

51

452 pause

53

454 movlw oxff 5 set w = 255 decimal

455

456 mowwf mCount 3 mCount outer Loop counter
457

45 loadn

a5

460 movlw exff 5 set w = 255 decimal

61

462 mowf nCount 3 nCount inner Loop counter
3

%64 dec

65

66 decfsz nCount, f ; nCount--

%7

43 goto dech  if nCount != 0 then repeat nCount--
6

4 dectsz nCount, f ; else decrement Count

a7

472 goto loadn  if mCount 1= 0 then

a3

474 ; reload nCount to 255 and decrement
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call

call

call

call

movlw

addlw

call

call

call

call

call

movlw

addlw

call

call

call

call

pause.
pause
pause

pause

oxo2

ports.

count.

pause
pause
pause
pause

pause

ox7s

ports.

count.

pause
pause
pause

pause

; five pause executions equals ~ 1 second

char 6 for display

; move W to port B to update the display

 add +1 to W

; save W in count

; delay 206ms by subroutine

; five pause executions equals ~ 1 second

char 7 for display

; move W to port B to update the display

 add +1 to W

; save W in count

; delay 206ms by subroutine
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call

movlw

addlw

call

call

call

call

call

movlw

addlw

call

call

call

call

call

pause

ports.

count.

pause
pause
pause
pause

pause

@z

ports.

count.

pause
pause
pause
pause

pause

five pause executions equals ~ 1 second

char 8 for display

; move W to port B to update the display

 add +1 to W

; save W in count

; delay 206ms by subroutine

Five pause executions equals ~ 1 second

char 9 for display

; move W to port B to update the display

 add +1 to W

; save W in count

; delay 206ms by subroutine

Five pause executions equals ~ 1 second
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clrf
lrf

Fovlu
Fovlu
Fovlu
Fovlu
Fovlu
Fovlu
Fovlu
Fovlu
Fovlu
Fovlu
Fovlu
Fovlu
Fovlu
Fovlu
Fovlu

Hovlw

Main_loop

btfss porta,e

btfss porta,1

movf count,
addlw ox1e
movwf FSR

ports
count.

oxio
79
@1
oxaa
o2
oxzo
@a3
@xas
ox1a
ez
@xas
oxo2
exis
ox7s
@7

ez
ez
@xas

ox1a
oxe3
exib

@xac
o1
@x1d

ex1e
oxoE
@

3 clear all Lines Low
} initialize counter to 0

schar @ on 7 seg display
istore in address 0x10 - start of Look up table

Sehar
schar
schar
schar
schar
schar
schar
schar
schar
schar
schar
schar
schar
schar

char

1

2

B

; test black button
call black button_pressed

; test green button
call green button_pressed

3 get count value
ladd offset for start of Look up table
iset address for Lookup table
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end

Configuration! Inportant!

at blast time, select:
memory uprotected
watchdog timer disabled
standard crystal (4 MHz)
power-up tiner on
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bef  status,RP0  ; reselect bank 0
clef  porte 3 clear all Lines Low
clrf count } initialize counter to 0
movlw  0x79
mowf  0x10
movlw  0x24
mowf  ex11

main_loop
btfss  porta,0 ; test black button
call  black_button_pressed
btfss  porta,1 5 test green button
call  green_button_pressed
movf  count,w 3 get count value
addlv  ox10 add offset for start of Look-up table
mowf  FSR set address for Look-up table
mov indr,w get value from Look-up table
mowrf  portd set LED display
goto  main_loop. ; repeat forever
black_button_pressed
call ~ pause ; wait 26ms for switch to debounce
btfss  porta,0
goto  black_button_pressed
incf  count,? increment count.
btfsc  count,d test to see if we need to reset count
clrf count 3 reset count
return;

green_button_pressed

call
btfss
goto
decf
btfsc
call
return

pause ; wait 26ms for switch to debounce
porta,1

green_button_pressed

count, £ ; decrenent count.

count, 4 ; test to see if we've gone negative
preset_count. ;
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call

call

call

call

call

movlw

addlw

call

call

call

call

call

movlw

addlw

call

call

pause
pause
pause
pause

pause

@as

ports.

count.

pause
pause
pause
pause

pause

ez

ports.

count.

pause

pause

delay 200ms by subroutine

Five pause executions equals ~ 1 second

char 4 for display
move W to port B to update the display

 add +1 to W

; save W in count

delay 200ms by subroutine

Five pause executions equals ~ 1 second

char 5 for display
move W to port B to update the display

 add +1 to W

; save W in count

delay 200ms by subroutine
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103
104
105
106
107

109

1

call

call

call

call

call

movlw

addlw

call

call

call

call

call

movlw

addlw

call

call

pause
pause
pause
pause

pause

oxaa

ports.

count.

pause
pause
pause
pause

pause

oxzo

ports.

count.

pause

pause

delay 200ms by subroutine

Five pause executions equals ~ 1 second

char 2 for display

; move W to port B to update the display

 add +1 to W

; save W in count

delay 200ms by subroutine

Five pause executions equals ~ 1 second

char 3 for display

; move W to port B to update the display

 add +1 to W

; save W in count

delay 200ms by subroutine
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coll  preset_count 5
return

preset_count
rovlw  oxeF
ot count

return

Jsubroutine pause: Lets waste some time....

Joutputs: nothing

does: nothing but waste some time
scorrupts: register N

Jdescription: two Loops using “mount” and "nCount” register files
A “mount” iz the outer loop counter (255 down to zero)
s “nCount" is the inner loop counter (255 down to zero)

ovlw  xFf 3 set w = 255 decimal
ot mCount 3 mCount = w: outer Loop counter
Toadn
ovlu  OxfF 3 set w = 255 dectnal
ot nCount B inner Loop counter
decn
decfsz ncount, B
goto  dech i
decfez mCount, © B
goto  loadi 3 if ncount 1= 6 then
; reload nCount to 255 and decrement
return 3 else exit subroutine

end

Configuration! Inportant

at blast tine, select:
‘memory uprotected
watchdog timer disabled
Standard crystal (4 tHz)
power-up tiner on




image2.png
Pritysgol Lymiru
% Y Drindod Dewi Sant

S University of Wales
Trinity Saint David

3




image9.png
PIC16F84A

TABLE14:  PIC16F84A PINOUT DESCRIPTION
PDIP[ SOIC [ SSOP [ WO | Buffer ot
pinName | TP | SOC | S0P | 1o | e Description
[OSCTCLKIN | 16 | 16 | 18 | 1 _[STICMOS®|Oscilator cystal inpullexternal clock source input.
[0SC2/CIKoUT| 15 | 15 | 19 | © —[Oscilator crystal outpuL Comnects to crystal or
resonator in Crystal Oscillator mode. In RC mode,
10SC2 pin outputs CLKOUT, which has 1/4 the
requency of OSC1 and denotes the nstruction
eycle rate.
[WerR IR ST |Master Clear (Rese) inputiprogramming voltage.
input. This pin s an active low RESET to the device.
[PORTA Is a bi-drectional 10 port
IRA0 7|7 |18 | wo | T
RAt 8| 18 | 20 | wo | T
RA2 il || om
IRA3 22 |2 |w| m
IRAsTOCKI 3|3 | s |w st ‘Gan aiso be selected to be the clock input 1 the
TMRO timer/counter. Output is open drain type-
[PORTB Is a bi-drectional IO porl PORTS can be
software programmed for interal weak pull-up on
all inputs.
IRBO/INT 6 6 7 VO | TTUST® | RBO/NT can also be selected as an extemal
interrupt pin
Rat 77| & |w| m
Re2 s 8 | o |w| m
Res e o |10 |w | m
Res | 0 | 1| wo | T Interrupt.on-change pin.
Ras wln |2 |w| m Interrupt.on-change pin.
Res 12| 12 | 13 | 4O | TILUST® |  interipton-change pin.
Serial programing clock.
IRB7 13| 13 14 vo | TTUST® Interrupt-on-change pin.
Serial programming data.
Vs 5[5 [s6 ] P —[Ground reference forlogic and 0 pins.
Voo @ [ 14 1516 P — |Posiive supply forfogic and 10 pins.

Tegend: I=nput O = Output

Not used

TTL input

Power

ST

Note 1: This bufferis a Schift Trigger input when configured as the external interrupt.
2: This bufferis a Schmift Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.
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movlw

addlw

call

call

call

call

call

movlw

addlw

call

call

call

call

call

movlw

ports.

count.

pause
pause
pause
pause

pause

oxe3

ports.

count.

pause
pause
pause
pause

pause

ports.

schar A for display

; move W to port B to update the display

 add +1 to W

; save W in count

delay 200ms by subroutine

Five pause executions equals ~ 1 second

char b for display

; move W to port B to update the display

 add +1 to W

; save W in count

delay 200ms by subroutine

Five pause executions equals ~ 1 second

char C for display

; move W to port B to update the display




