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Introduction

My aim with this project is to help people learn about binary and
to be able to quickly convert binary to decimal through muscle
memory. | have tried to make the device and this information as
easy to use and understand as well as including all the necessary
information needed to learn from my project.

| have opted for the PIC16F84A Microcontroller with an external
clock connected to a 16 x 2 Alphanumeric LCD Character Display.
The project has been built on a breadboard comprising of discrete
components such as a bicolour LED, various resistors, capacitors,
several push to make switches, a 4Mhz crystal and an off the shelf
inline 3.3/5.0v power supply module.

| decided to use a breadboard because it meant that minimal
soldering was required, making it easier to prototype changes.
Also, | decided to use links instead of wires because it allows the
connections to be easily run under components instead of over
them meaning the connections are less exposed and it gives it a
much neater appearance.

Something | could improve on would be to try and cut-down on
the number of components that are required by for instance using
instead the PIC16F627A which has an internal clock.



A Brief History of Binary

A binary number is any number that can be displayed in a base-2
numerical system. Base-10 (decimal) uses 10 different symbols to
represent digits, base-2 uses only 2 symbols to represent digits.
Around 1700 Gottfried Leibniz developed a base-2 numerical
system that only used 1’s and 0’s which goes up in powers of 2.

Each digit in a binary sequence is referred to as a ‘bit’ and doesn’t
necessarily need to be visually represented with 1’s and 0’s. Any
two symbols can be used by it is preferable to be represented as
something that can be easily identified as something similar to an
(on or off), (yes or no), (a tick or a cross), (3.3/5v or Ov).

Examples

001101 =13

111111 =63
000001 =2%=1

000000 = 0
000010=21=2

011011 = 27
000100=2%2=4

110010 =50
001000=23=8

111001 =57
010000 = 2% =16

110011 =51
100000 = 2° = 32

011001 = 25




Parts List
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1 x 830 Point Breadboard
1 x Inline Breadboard Power Supply Module 3.3/5.0v
1 x 9V PP3 Enclosure with ON/OFF Switch and 2.1mm DC Plug
1 x PIC16F84A-04/P Microcontroller
1 x 18 Way, Turned Pin IC Dip Socket
1x 162C-3LP 16 x 2 Alphanumeric LCD Character Display
3 x Push to make Switches Micro/Red/Green
1 x 4Mhz Crystal
1 x Bicolour Green/Red LED - 5mm
2 x 18pF Multilayer Ceramic Capacitors - 50V dc +5%
5 x 10k ohm resistors - 0.25w 5%
2 x 570 ohm resistors - 0.25w 5%
1 x 560 ohm resistor - 0.25w 5%
Assorted coloured insulated links
OshonSoft PIC Simulator IDE v7.43
Microchip MPLAB IDE v8.91
MiniPro 6.50



Circuit Diagram

&
1RA2 RA118

2RA3  RA017 | % L

3tocki  o0sc116

v
4 McrR 5 0sc215
(@]

5vss @ vDD14

6RBO ' RB713

5700 1 )
7RB1 RB612 e
8RB2 RB511

9RB3 RB410

1 16
. VSVC VERSRW E DOD1 D2 D3 D4 D5 D6 D7 L+ L-




User Flow Chart
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Instructions

Step 1: Turn the unit on by pressing the grey button, a splash
screen will appear for 5 seconds.

Step 2: Select the desired mode, press the green button for a 5
second timer or the red button for no timer.

Step 3:

(Green): A randomly generated binary number will appear and a 5
second countdown will start, once the countdown ends the
answer will be revealed. (Red): A randomly generated binary
number will appear along with a prompt to press the green button
when you are ready to reveal the answer.

Step 4: (both): The answer will appear as well as a prompt to
press the red button to return to the mode selection screen.




Simulator, Compiler & Flash Programming Software

N =[] n: =10l x| |[OFF =0Ix]
Opti
| Program Location | D:‘\Microchip\Binary2Decimal\S ource\Binary2Decimal-Sim. hex 0632 GOTO VALUE_LE3SS_THAN_100 LI Q PORTE.0" &
. 0633
| Microcontroller | PIC16F844 | Clock Frequency | 4.0MHz 0634 |REHOVE HUNDREDS O FoRTE T [
Last Instruction Next Instruction o ~ movLu 100
I BTFSC FSR.1 I GOTO 0x0236 o SUBWF  TENS,U O PORTE, 2
[u] MOVUWF TENS
~ Program Counter and Working Register | Instructions Counter | 9087 la} DECF INDEX, F Q PORTE, 3 |0
pC [ 02za [T T ECTTEEELE | Clock Cycles Counter | 53308 0639 BTFS5 INDEX, C
[ WPRegster 3 [TEECECT | [RealTme Duston | 14702005 [0°%0 GOTO  REMOVE_HUNDREDS O EC Rl
Special Function Registers (SFRs) General Purpose Registers (GPRs) 0642 VALUE_LESS_THAN 100 l—
Hex Binary Value Hex Hex ?543 CLRF INDEX — FORTE.S l_
Address andName  Value 76543210 Addr. Value Addi Value 0644 CLRF NUMERIC
R ———— 0645
00Th TMRO____ [ 00 H_:_‘,_H_:_'[_ || | Tooch [oo_ [ofch [00 | Woess comr Tews Looe Q ]|
00zh PCL 3 00Dh [ 00 [01Dh [00 g = -
oo STATUS—— 18- [ mE T o [0 [men (oo || |[7*7 o T PR . @ —nm
004h FSR o T Crrrrm 00Fh [ 00 [01Fh |00 D NumiciinesIe25
[005h PORTA 13 CCCECCEE 010h | 64 [020n | 00 i Boc. L0 um orines: I~ Always On Top
006h PORTE 14 TCCRCECT 01ih [63_ [021h [00 =
[008h EEDATA o0 CCCCCCCT 0ich [00 [022h [00 pozgy0aze 0238 END
003h EEADR o0 TCCCCrr 013h [ 20 [023h [ 00 Bo2a|0525 0238
00&h PCLATH o0 T 014h [2F [024h |00
[00Bh INTCON 02 TR 015h [EA [025h |00 0831 Nurber of errors = O j
081h OPTION_REG | FF EEEEEEEL 016h | 00 [026h | 0D 083 -
085 TRISA 1 T EEEEE O7h |00 [D2h |00 | 2l
086h TRISE oo T CrCrere 018h |00 [028h |00 Lin 832, Col 0 Num of lines: 832
088h EECONT o0 T 015h [ 33 [028h |00 -
[TMRO Prescaler o0 CCCCrrr 01ah |00 [026h [ 00 : | & watch variables S [=] |
N7A I 0iBh |00 [028h [00 ~| [FORTA, 4 | PORTA, Add Variables Options
count (0x015) = 234 nd
1K 1t |index (0x016) = 0
hundreds (0017) = 0
tens (0x018) = 0
I_DF OFF numeric (0:019)= 51
PORTA, 1 4
ON OFF
4 PORTA, 0 4 4
I Always On Top Pin Functions I Always On Top setwp | [ Close | OFF OFF
FaU WWizal g o 4 4

[FORTA, 2

OFF OFF
PORTA,3 —4—4——

[V Always On Top

[~ Always On Top

I @ Watch Variables (S LCD Module ‘ <« 08:19

& Startl @ PIC Simulator IDE | @ Assembler - Binary2... | @ Microcontroller View ... l @ 8 x LED Board | @ Keypad Matrix

In order to reduce the amount of testing time required when
developing code for the microcontroller, | decided to enlist the
help from an off the shelf PIC simulator. The IDE allows one to
continually develop a prototype without the interruption of
having to keep flashing the code to a physical test bench. The
software environment comprises of multiple windows that mimic
hardware modules. | used MPLAB IDE in order to compile the
existing assembly source code into hex, which is required to
program the microcontroller. In order to flash the PIC16F84A |
used the MiniPro TL866CS Universal Programmer with
accompanying software.



Troubleshooting

One of the problems | faced was how to generate a non pseudo-
random number in assembly code in order for the game to not
present to the user with the same repetitive binary value. The
solution was to use a hybrid approach, by providing randomness
harvested from a natural source. This was achieved by having a
value continuously loop from 0 to 255 in the background until the
user selected the required game mode. Once a mode had been
chosen the loop would be interrupted and the current value
would be displayed in binary. When the user presses the red
button to go back to the mode select screen, the next binary value
to display will re-seed and the incrementing cycle will start over
again.

A good way to visualise this is to imagine a wheel with 256
sections numbered 0 to 255 with an arrow at the top. The wheel
will keep spinning until a button is pressed, at this point it will stop
on whichever number the pointer is on. When another button is
pressed the wheel will begin spinning again.

The idea is that because the value increments so quickly even if
the user could see the value changing they would not be able to
reliably choose the same number in a row multiple times because
of the shear speed of the cycling process.



