Introduction:
A calculator is tool required for everyone studies math and science, so in our project we’ve designed scientific graphing calculator which have capabilities for plotting algebraic functions and calculate scientific formulas.
In our design we’ve split the calculator to tow modes.

·  Scientific calculation mode

· Graphing mode.

· Scientific calculation mode 

Which give capabilities for the user to input formula and the output will be the calculation and the answer for that formula.
e.g.: input: 2*3^2 + log100 
       output: 20.

The scientific formula can contain the following scientific functions:-

a- +,-,/,*

b- Trigonometric function. (sin, cos, tan, asin, acos, atan)
c- Logarithm function. (ln, log)
d- Exponential function (e^x , 10^x)

e- Power as (sqrt, x^y).
· Graphing  mode


The mode which gives the user capabilities to input the function Y which is function of X, and input its X range then the output will be the plot of that function within the range the user specified.
e.g.: input: Y = x^3 –x [-5:5]
      output: will be the plot of that function.

The function Y can contain the following types or combination of these types.

a- Polynomial. E.g. Y= x^2 +1

b-  Trigonometric function. E.g. sin, cos, tan, asin, acos, atan.

c- Exponential. E.g. e^x, 10^x.

d- Logarithm function. E.g. ln x, log x.
There is tow other modes can be applied for the scientific and graphing mode are degree mode and radian mode.
Calculator Hardware:

In this section we describe the main component of the calculator hardware and main circuits such as input device, output LCD and the microcontroller.

For convenience we divide the system hardware into 3 groups:-

· Microcontroller system.

· Output LCD.

· Input Keypad.

Microcontroller:

The Microcontroller is the most important part of the project which is better than other microprocessor especially in control system. This processor has peripheral interface, internal counters/timers, serial communication, external interrupts, program Memory and RAM.

In our project we used PIC18F4620 microcontroller which is belong to PIC18 family.
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Figure: PIC18F4620 Microcontroller IC
The PIC18F4620 is 40 pins IC, it has 5 bidirectional ports, A, B, C, D, and E, serial port, , program memory size 65536 bytes, and RAM size 3968 bytes.

The choice of PIC18F4620 as the microcontroller for the calculator, because it has enough input and output ports, serial communication, other reason its program memory size 65536 byte which is enough for calculator program which is  required big program memory , and has big RAM size 3968 bytes.
The PIC18F4620 required basic circuit which is consist of the oscillator circuit which consist of crystal 4 MHz and 2 capacitors 12pF connected to pin 13 and 14 with the microcontroller chip and required the reset circuit which is consist of denouncing circuit connected to pin 1 as shown in the following figure:- 
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Figure: PIC18F4620 oscillator and reset Circuit.
In order to able to connect the microcontroller with computer serial port we need to conversion circuit, to convert from 0 & 5V (TTL level) to the serial port levels (12V, -12V) level. To do that we used RS232 chip, the serial port interfacing circuit is show in the following figure:-
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Figure: PIC18F4620 Serial Port interfacing

Graphical Liquid Crystal Display (GLCD):

The GLCD consist of 30 characters per line, with 8 lines displaying capabilities, and each character is 8x8 pixels, so the resolution of our GLCD is 240x64, with ram up to 64 KB.

To write a date set RD = 1, WR = 0, CE =0, C\D = 0, D0-D7 = your data, to write a command set RD = 1, WR = 0, CE =0, C\D = 1, D0-D7 = your command.
The circuit below explain how GLCD connection to the Microcontroller (PIC18F4620).
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Figure: LCD Connection to PIC18F4620

Keypad:
Keypads are switches that are connected to rows and columns as matrix we’ve used a 6x6 keypad as our input for the calculator the keypad connected to the microcontroller (PIC18F4620) as the following figure…
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Figure: Keypad Circuit.

Program Design:
In this section will explain how general structure of the microcontroller program work briefly by pseudo code and flow chart to explain how the project works.

The following flowchart explains the main function structure of the program briefly:
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​
Figure: main function flowchart
The body of the main function as flow chart explains it looks like the following:
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As explained above in pseudo code and flowchart when power up the system it initialize the GLCD  and clear it to be ready for input then pulling for user input.
When the mode is scientific mode while the input keys is not ‘=’ program store the incoming characters to character array (Line), each key stored as 1 single character but output to LCD its actual value.


E.g. when ‘sin’ key is pressed it stored as ‘s’ in Line array but displayed ‘sin’  in GLCD…

The following table shows each operator and key how it stored in Line array…

	Key
	Char symbol
	Key
	Char symbol
	Key
	Char symbol

	+
	‘+’
	^
	‘p’
	cos-1
	‘C’

	-
	‘-‘
	log
	‘g’
	tan
	‘t’

	*
	‘*’
	10^
	‘w’
	tan-1
	‘T’

	/
	‘/’
	ln
	‘l’
	Pi
	‘P’

	^2
	‘u’
	sin
	‘s’
	Ans
	‘a’

	sqrt
	‘r’
	sin​-1
	‘S’
	e
	‘e’

	(-)
	‘n’
	cos
	‘c’
	^1/x
	‘o’


When scan function is invoked it scans for stream of character in our case our input will have two types:

1. Number.

2. Operator.

The following schematic explain scan () function input and its output.


[image: image8.emf]char Line[ ]scan()float Vals[ ]int1 valType[ ]OutputInput


For simplicity we use tow arrays to store the output of the scanner as shown above one for keep the value of the token and other is to keep its type (number or operator).

Regular expression of our scanner as the following:-

Token = Operator|Number.
Number = Digit+ |Digit+. ’. ’.Digit+.
Digit = ‘0’|’1’|’2’ |’3’ |’4’ |’6’ |’7’ |’8’ |’9’.
Operator = ‘+’ |’-‘|’*’ |’/’|’u’|’r’|’n’|’n’|’p’|’g’|’w’|’l’|’s’|’S’|’C’|’t’|’T’|’P’|’a’|’e’|’o’.
The Following flow chart explains how the scan function work.
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Figure: scan function flowchart.

After scan function finish, then parse function invoked which get the output of the scanner as its input and its output will be the final result will be showed on LCD.

When parse invoked it first search in Vals array for the indexes of left parenthesis and end of each one, when this done parse invoke other function it called arrange which its work to arrange the expression between the parentheses to depend on priorities for each operation to five float array, after this done solve function called by parse function to generate the result of that expression to be printed on LCD.

For Graphical mode same scan, parse function is invoked by PlotGraph and being called to generate the pair x, y to be plotted on LCD.
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