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Graphical Programming Environment
GPE provides a set of tools allowing you to create and manipulate images in several ways.
The Visual Studio source code is available from the module web site.

There are two sides to the program.

GPE as a Vector Drawing Tool

GPE allows you to create scripts to allow you to create simple vector images.

For example, the following script…

[image: image2.png]~ink=blue;
+south (10);
Least;

.north (10);
.3umpto (10,5)
Lwest(e);
.south;
Least(e);




A vector has magnitude, i.e. how far it travels and direction, in this case north south east west.

When executed the above script draws the following image…
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The other side to the program is the facility to save images in its own graphic format.

Saving the image as a “mog” file creates a file on disc like so…

[image: image4.png]blue cross.mog




The mog format is similar in many ways to the Windows BMP format.

It supports

24bit RGB Colour

RLE Compression

The format also has options for


1 bit monochrome images

8 bit indexed colour


LZW Compression

The bitmap files are stored in the program's App_Data folder.

Files may be viewed in the program’s viewer like so…

[image: image5.png]



It is important to appreciate that in saving the data as a bitmap file (rasterisation) all vector data has been lost in the process.

The Mog File Format

When the vector image is stored on the disc as a mog file the bytes are arranged like so…
//Header (9 bytes)
//1 byte 
Version
//1 byte 
Colour Depth
//


    0 – 24 bit colour (RGB)
//


    1 – 8 bit colour (CLUT)
//


    2 – 1 bit monochrome
//2 Bytes
Image width (px)
//2 Bytes
Image height (px)
//1 Byte
Compression
//


    0 – none
//


    1 - RLE
//              
    2 - LZW
//2 Bytes
Count of data bytes – may be compressed may include CLUT
//
//N Bytes
Image data (May include CLUT)
The first 9 bytes of the file represent the header containing important data related to the way the image is stored.

The first byte is the version number – currently always 1
The second byte indicates the colour resolution of the file

0 indicates 24 bit RGB colour


1 indicates 8 bit indexed colour requiring a Colour Lookup Table (CLUT)


2 indicates 1 bit monochrome

The next 2 bytes indicate the width of the image in pixels
The next 2 bytes indicate the height of the image in pixels
The following byte indicates the compression type for the image

0 indicates no compression


1 indicates run length encoding (RLE)


2 indicates LZW encoding

The final two bytes of the header indicate how many bytes are in the image data.  This may include the CLUT and this data may be compressed.

After the header the data for the image follows. 
//N Bytes
Image data (May include CLUT)
CODECs

In processing any form of multimedia data there are three parts to the process.

Firstly, we need to encode the data from its original form into a series of bytes.

Secondly, we need to store the data for later use or for transmission to a destination.

Thirdly we need to decode the data turning it back into its original form.

The software that performs the coding – decoding is called a CODEC.  (Coder Decoder)

In the following example we will create a simple CODEC allowing us to explore some of the related processes.

We will create a vector image using GPE.  This vector image will be coded as a bitmap image and stored as a file on disk.  Lastly, we will process the data in the file on disk decoding it and displaying the image on the screen.
Creating your First GPE Image

Starting GPE - Opening your First Visual Studio Project

The first step is to download and extract the files for the GPE program.

Run the program and view it in the browser press F5 on the keyboard.

You should see something like this …
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Overview of the GPE Interface

There are four main sections to GPE
· the Canvas
· the Script Box 

· the Variables Display

The Canvas
[image: image7.png]



The canvas is the area where your picture will be drawn.  It consists of a 20 X 20 grid.  

Note the black square in the top left. This tells you where the pen is and therefore where the drawing will start from.
The Script Box
[image: image8.png]



The script box to the right of the screen allows you to enter your commands to make a picture appear on the screen.

The Variables Display

[image: image9.png]Variables
X=1




This tells you the setting of different variables, namely the X and Y coordinates and current ink colour of the pen.

The Error List

[image: image10.png]



This will provide you with error messages should something go wrong.

Objects in GPE
The main object within GPE is the Pen indicated by a black square…

[image: image11]
By setting this object’s properties and using its methods we may make the program move the pen and draw pictures.

Another object in GPE is the canvas.

[image: image12.png]



GPE Methods and Properties

Below is a reference list of the objects methods and properties within GPE.

Object Name : pen

Methods 


.north ({Distance})

.south ({Distance})

.east ({Distance})

.west ({Distance})

.northeast ({Distance})

.northwest ({Distance})

.southeast ({Distance})

.southwest ({Distance})

.jumpto  ({X},{Y})

Properties


.ink = {Colour}
Object Name : screen

Methods


.clear

Properties


None

Syntax
To start writing a script we need to be aware of the syntax for the code.

If we want to send the pen south we would do the following…

pen.south

The Semi Colon

In the case of GPE the syntax is based on C#.

So to enter the command pen.south it must have a semi colon like so…

pen.south;

If you miss the semi colon off (and you will) the program won’t work.

Case Sensitivity

The other issue is as with many computer languages GPE is case sensitive.

Pen.south;

Won’t work due to the capitalised letter P.

Entering your first Script

In the script box enter the following commands (jumpto is all one word with no space)…

pen.jumpto(6,6);

screen.clear;

pen.east;

pen.east;

pen.east;

pen.south;

pen.south;

pen.south;

pen.west;

pen.west;

pen.west;

pen.north;

pen.north;

pen.north;
Once you have typed in all of the commands, press the Run button to run the script.

You should see a blue square in the output grid.

[image: image13.png]



Overview of the Pen’s Methods and Properties
North, South, East, West, NorthEast, NorthWest, SouthEast and SouthWest
Each of these methods moves the pen in the specified direction.  By adding a number after the method it will repeat the command that number of times, so…

pen.south(10) will send the pen down the grid 10 squares.

pen.southeast(5) will send the pen diagonally for five squares.

ink=
The ink property allows you to change the colour of the ink, i.e. the colour left behind by the pen.

Acceptable values are black, red, blue, green and white.

So the command…

ink = green;
…will result in the next line drawn by the pen to be drawn in green.

The = symbol (assignment operator) is used to set the value of the ink.

jumpto(X,Y)
This method forces a jump to the specified coordinates on the screen.

pen.jumpto (10,15) for example will move the pen directly to the X coordinate 10 and the Y coordinate 15

Double Slash //
The double slash may be used to insert comments for example…

//this is a square

screen.clear;

pen.jumpto(6,6);

pen.east(3);

pen.south(3);

pen.west(3);

pen.north(3);
The first line //this is a square – is ignored by the program but tells you the developer what the following lines do.

Functions in GPE

GPE has the facility to add extra functionality to your code by allowing you to write your own functions.

Functions allow you to create a small “program” which draws a frequently used shape, then when you need that shape you call the function to invoke it.

For example, enter and run the following script…

pen.jumpto(2,2);

screen.clear;

pen.east(5);

pen.south(5);

pen.west(5);

pen.north(5);
…it will draw a square on the grid.

Now imagine that you wanted four more squares all of the same size, you could enter (try the following script yourself)…

//square 1

pen.jumpto(2,2);

Screen.clear;

pen.east(5);

pen.south(5);

pen.west(5);

pen.north(5);

//square 2

pen.jumpto(10,2);

pen.east(5);

pen.south(5);

pen.west(5);

pen.north(5);

//square 3

pen.jumpto(2,9);

pen.east(5);

pen.south(5);

pen.west(5);

pen.north(5);

//square 4

pen.jumpto(10,9);

pen.east(5);

pen.south(5);

pen.west(5);

pen.north(5);
Ok, that’s one possible solution, but what if we wanted ten squares?

An even more important question, what if we wanted to change the size of all of the squares by one cell?

Try making all of the squares in the above script 6 X 6 rather than 5 X 5.

Using functions we could create a script for our square and then reuse it as and when required.

For example…

function square

{

pen.east(5);

pen.south(5);

pen.west(5);

pen.north(5);

}
…defines the function.

Notice that the function is started by the word function and then the name of the script, in this case the name square.  The function must also be enclosed with braces {}.
To call the function procedure the call key word is used.

So…

call square;
…will draw the square.

but before we do that it is a good idea to specify where the square should be placed with a jumpto command.

So…

pen.jumpto(2,2);
call square;
will draw a square at cell 2 , 2.

The full script for you to try is…

pen.jumpto(2,2);

screen.clear;

call square;

end script;

function square

{

pen.east(5);

pen.south(5);

pen.west(5);

pen.north(5);

}
The full script to draw the four squares would read…

//square 1

pen.jumpto(2,2);

screen.clear;

call square;

//square 2

pen.jumpto(10,2);

call square;

//square 3

pen.jumpto(2,9);

call square;

//square 4

pen.jumpto(10,9);

call square;

end script;

function square

{

pen.east(5);

pen.south(5);

pen.west(5);

pen.north(5);

}
To modify the size of all four squares you would change the square function.
Saving your script

Scripts may be saved in the program's scripts folder.
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To create a script for re-use later on, create a text file and place the code for your script in the text file.

All scripts in the scripts folder...

[image: image15.png]9 9 9 9 9 9 9
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Automatically appear in the list of scripts when the program runs...
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Creating your first mog File

Once you have a vector graphics file created you will next need to encode it as a mog bitmap.

If you access the code for Default.aspx you will find a function called ImageEnCoder
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[image: image18.png]void ImageEnCoder()
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We will now add some code to this function to create a basic mog file.

The mog file will use the vector image from the GPE canvas as the basis for the data.

For this first example the image will have a 24bit RGB colour depth and the data will be uncompressed.

The first step is to create a new instance of the mog class like so…

[image: image19.png]void ImageEnCoder()
{
//your code will need to go here to create a new image file
77
//create a new instance of the mog file class called NewImage
clstog NewImage = new clstog();




We now need to specify the name of the file we are going to create…

[image: image20.png]void ImageEnCoder()
{
//your code will need to go here to create a new image file
77
//create a new instance of the mog file class called NewImage
clstog NewImage = new clstog();
//set the file name based on the selection from ths
NewImage.FileName = choLibrary.Text.Replace(” . txt:

combo box





In this example we take the name of the script file selected and replace the extension txt with mog.  You could hard code a name here if you like e.g. “my_image.mog”.
We next need to specify the image and colour resolution…

[image: image21.png]void ImageEnCoder()
{
//your code will need to go here to create a new image file
77
//create a new instance of the mog file class called NewImage
clstog NewImage = new clstog();
//set the file name based on the selection from the combo box
NewImage.Filellame = choLibrary.Text.Replace(".txt", ".mog");
//set the colour resolution for the output file
NewInage.ColourResolution = 0;
/et the image height
NewInage. InageHeight = GPE.CanvasSize;
/et the image width
NewInage. Inageiidth = GPE.CanvasSize|





Setting the colour resolution to 0 indicates RGB 24 bit colour as per the definition for the file format…
//Header (9 bytes)
//1 byte 
Version
//1 byte 
Colour Depth
//


    0 – 24 bit colour (RGB)
//


    1 – 8 bit colour (CLUT)
//


    2 – 1 bit monochrome
//2 Bytes
Image width (px)
//2 Bytes
Image height (px)
//1 Byte
Compression
//


    0 – none
//


    1 - RLE
//              
    2 - LZW
//2 Bytes
Count of data bytes – may be compressed may include CLUT

//
//N Bytes
Image data (May include CLUT)
We may pick up the grid size for image height and width via the GPE object such that the output image is the same size in pixels as the original vector image.  (See later in this document for class descriptions.)
The next step is to specify the compression format…

[image: image22.png]void ImageEnCoder()
{
//your code will need to go here to create a new image file
77
//create a new instance of the mog file class called NewImage
clstog NewImage = new clstog();
//set the file name based on the selection from the combo box
NewImage.Filellame = choLibrary.Text.Replace(".txt", ".mog");
//set the colour resolution for the output file
NewInage.ColourResolution = 0;
/et the image height
NewInage. InageHeight = GPE.CanvasSize;
/et the image width
NewInage. Inageiidth = GPE.Canvassize;
//set the compression format
NewInage.Compression = 0;





In this example 0 indicates no compression again as per the file format definition…

//Header (9 bytes)
//1 byte 
Version
//1 byte 
Colour Depth
//


    0 – 24 bit colour (RGB)

//


    1 – 8 bit colour (CLUT)
//


    2 – 1 bit monochrome
//2 Bytes
Image width (px)
//2 Bytes
Image height (px)
//1 Byte
Compression
//


    0 – none
//


    1 - RLE
//              
    2 - LZW
//2 Bytes
Count of data bytes – may be compressed may include CLUT

//
//N Bytes
Image data (May include CLUT)
We next need to copy the RGB data from the GPE canvas like so…

[image: image23.png]void InageEnCoder()
<
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/752t the compression format
NewTnage..Compression = 0;
J/get the rgh data for this vector insge
NewTnage. InageData = GPE.GetRGBList:|





And lastly we need to save the data to disc.

[image: image24.png]void ImageEnCoder()
{
//your code will need to go here to create a new image file
77
//create a new instance of the mog file class called NewImage
clstog NewImage = new clstog();
//set the file name based on the selection from the combo box
NewImage.Filellame = choLibrary.Text.Replace(".txt", ".mog");
//set the colour resolution for the output file
NewInage.ColourResolution = 0;
/et the image height
NewInage. InageHeight = GPE.CanvasSize;
/et the image width
NewInage. Inageiidth = GPE.Canvassize;
//set the compression format
NewInage.Compression = 05
//get the rgb data for this vector image
NewInage. InageData = GPE.GetRGBList;
//save the mog file
NewInage.Save();




The next step is to run the GPE program…
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Next select a script from the drop down list…

[image: image26.png]



Run the script…
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Next press Save to run the image encoder…

[image: image28.png]Run Your Script
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This will create a new mog file in the program’s App_Data folder…
[image: image29.png]e > GPE2 Students > App Data
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Now that we have created a simple bitmap from our original vector image we need to create a decoder to allow us to view the bitmap mog file.
De Coding and Displaying the Image
To access the code for the decoder you will need to open the code file for Reader.aspx...
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It is likely a good idea at this point to set this page as the start page…

Here you will find the function ImageDeCoder...

[image: image31.png]void ImageDeCoder()
{

//your code here to create the image decoder




In the previous section we have created a new mog file based on the name of the vector script used to generate the image.

If in GPE we selected the file house1.txt...
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When we press save the program should create a mog file like so...
[image: image33.png]housel.mog




When we press View…

[image: image34.png]



 the name of the file to open is included in the query string...
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To display the file in the Reader page we need to add some code to process the bytes such that data is read and processed correctly.

The first step is to open the mog file on disc so that we may read in the bytes for the file...

The following code does this...

[image: image36.png]void ImageDeCoder()
{

//your code here to create the image decoder

//create an instance of the file io class

C15FileTo MyFile = new clsFileT0();

//var to store the file name to open

String FileName;

//get the name of the file to open from the query string
FileName = Request.QueryString["FileName"];

//open the file for reading
MyFile.OpenFileRead(FileNiane) ;




Having created the code to read the file we now need to create an object where we may store the data for the image from the file, like so...

[image: image37.png]void ImageDeCoder()
{

//your code here to create the image decoder

//create an instance of the file io class
C15FileTo MyFile = new clsFileT0();
//var to store the file name to open
String FileName;

//get the nane of the file to o
FileName = Request.QueryString[
//open the file for reading
MyFile.OpenFileRead(FileNiane) ;

n from the query string
ileName™];

Jcreste s new image File for display on the canvas
clatiog TmageFile = new clstiog()sl




Having connected to the file on disc we may now start reading in the data for the file.

Take another look at the file format to remind ourselves of the order the data is in...

//Header (9 bytes)
//1 byte 
Version
//1 byte 
Colour Depth
//


    0 – 24 bit colour (RGB)
//


    1 – 8 bit colour (CLUT)
//


    2 – 1 bit monochrome
//2 Bytes
Image width (px)
//2 Bytes
Image height (px)
//1 Byte
Compression
//


    0 – none
//


    1 - RLE
//              
    2 - LZW
//2 Bytes
Count of data bytes – may be compressed may include CLUT

//
//N Bytes
Image data (May include CLUT)
The first byte to read in is the file version...

[image: image38.png]void ImageDeCoder()

{

//your code here to create the image decoder

//create an instance of the file io class

C15FileTo MyFile = new clsFileT0();

//var to store the file name to open

String FileName;

//get the name of the file to open from the query string
FileName = Request.QueryString["FileName"];

//open the file for reading
MyFile.OpenFileRead(FileNiane) ;

//create a new image file for display on the canvas
clstog ImageFile = new clstog();

I/get the First byte - file version
InageFile.version = MyFile.etDecoyte();]




The method GetDecByte is short for Get Decimal Byte and reads in 8 bits - 1 byte of raw data from the file.

Although the version is not currently used the default value should be 1.

If you press F9 on this line of code to insert a break point you should be able to run the program and inspect the value of the incoming data.

Do this now and also whenever there is a new item of data in the examples that follow.

Having read the version we need to read in the next byte which tells us the colour resolution of the file...

//Header (9 bytes)
//1 byte 
Version

//1 byte 
Colour Depth
//


    0 – 24 bit colour (RGB)
//


    1 – 8 bit colour (CLUT)
//


    2 – 1 bit monochrome
//2 Bytes
Image width (px)
//2 Bytes
Image height (px)
//1 Byte
Compression
//


    0 – none
//


    1 - RLE
//              
    2 - LZW
//2 Bytes
Count of data bytes – may be compressed may include CLUT

//
//N Bytes
Image data (May include CLUT)
[image: image39.png]void ImageDeCoder()

{

/lyour code here to create the image decoder

//create an instance of the file io class
ClsFileTo MyFile = new clsFileTo();

//var to store the file name to open

String FileName;

//get the name of the file to open from the query string
FileName = Request.QueryString["FileName"];

//open the file for reading
MyFile.OpenFileRead(Fileliane) ;

//create a new image file for display on the canvas
clstog ImageFile = new clstog();

J/get the First byte - file version
InageFile.version = MyFile.GetDecByte();

J/get the next byte - colour resolution for the file
Inagerile.ColourResolution ~ MyFile.GetDecByte();|




In our encoder we set this to 0 - RGB  24 bit colour. (Check to see that it is the same here!)
The next two byte pairs give us the image height and width...

//Header (9 bytes)
//1 byte 
Version

//1 byte 
Colour Depth

//


    0 – 24 bit colour (RGB)
//


    1 – 8 bit colour (CLUT)
//


    2 – 1 bit monochrome
//2 Bytes
Image width (px)
//2 Bytes
Image height (px)
//1 Byte
Compression
//


    0 – none
//


    1 - RLE
//              
    2 - LZW
//2 Bytes
Count of data bytes – may be compressed may include CLUT

//
//N Bytes
Image data (May include CLUT)
[image: image40.png]void ImageDeCoder()
{

//your code here to create the image decoder

//create an instance of the file io class

C15FileTo MyFile = new clsFileT0();

//var to store the file name to open

String FileName;

//get the name of the file to open from the query string
FileName = Request.QueryString["FileName"];

//open the file for reading
MyFile.OpenFileRead(FileNiane) ;

//create a new image file for display on the canvas
clstog ImageFile = new clstog();

J/get the First byte - file version
Inagerile.version = MyFile.GetDecByte();

J/get the next byte - colour resolution for the file
InageFile.ColourResolution = MyFile.GetDecByte();
Vgt the next tuo bytes - insge width

Inagerile. Inageuidth - MyFile.GetDecBytepair();
Vgt the next tuo bytes 0 insge height

InageFile. InageHeight - MyFile.GetDecBytepair();|




GetDecBytePair reads in two byes of data rather than one.

The next byte tells us the compression type (set to 0 - not compressed at the encoder)…
//Header (9 bytes)
//1 byte 
Version

//1 byte 
Colour Depth

//


    0 – 24 bit colour (RGB)
//


    1 – 8 bit colour (CLUT)
//


    2 – 1 bit monochrome
//2 Bytes
Image width (px)

//2 Bytes
Image height (px)

//1 Byte
Compression
//


    0 – none
//


    1 - RLE
//              
    2 - LZW
//2 Bytes
Count of data bytes – may be compressed may include CLUT

//
//N Bytes
Image data (May include CLUT)
[image: image41.png]void ImageDeCoder()
{

//your code here to create the image decoder

//create an instance of the file io class

C15FileTo MyFile = new clsFileT0();

//var to store the file name to open

String FileName;

//get the name of the file to open from the query string
FileName = Request.QueryString["FileName"];

//open the file for reading
MyFile.OpenFileRead(FileNiane) ;

//create a new image file for display on the canvas
clstog ImageFile = new clstog();

J/get the First byte - file version
Inagerile.version = MyFile.GetDecByte();

J/get the next byte - colour resolution for the file
InageFile.ColourResolution = MyFile.GetDecByte();
Vgt the next tuo bytes - insge width

Inagerile. Inageuidth - MyFile.GetDecBytepair();
J/get the next tuo bytes 0 insge height

Inagerile. InageHeight - MyFile.GetbecBytepair();
Vgt the next byte - conpression type
InageFile.Conpression - MyFile.GetecByte():]





The last two bytes of the header tell us how many bytes are in the image data…

//Header (9 bytes)
//1 byte 
Version

//1 byte 
Colour Depth

//


    0 – 24 bit colour (RGB)
//


    1 – 8 bit colour (CLUT)
//


    2 – 1 bit monochrome
//2 Bytes
Image width (px)

//2 Bytes
Image height (px)

//1 Byte
Compression

//


    0 – none
//


    1 - RLE
//              
    2 - LZW
//2 Bytes
Count of data bytes – may be compressed may include CLUT

//
//N Bytes
Image data (May include CLUT)
In this example the file is uncompressed and there is no Colour Look-Up Table (CLUT).

[image: image42.png]void ImageDeCoder()
{

//your code here to create the image decoder

//create an instance of the file io class
C15FileTo MyFile = new clsFileT0();
//var to store the file name to open
String FileName;

//get the name of the file to
FileName = Request.QueryString|
//open the file for reading
MyFile.OpenFileRead(FileNiane) ;

n from the query string
ileName™];

//create a new image file for display on the canvas
clstog ImageFile = new clstog();

//get the first byte - file version
InageFile.Version = MyFile.GetDecByte();

/gt the next byte - colour resolution for the file

InageFile.ColourResolution = MyFile.GetDecByte();

/gt the next two bytes - image width

InageFile. Inageliidth = MyFile.GetDecBytePair();

/gt the next two bytes 0 image height

InageFile.InageHeight = MyFile.GetDecBytePair();

/gt the next byte - compression type

InageFile.Compression = MyFile.GetDecByte();

//get the next two bytes - number of bytes for raw (possibly compressed) image data
Int32 NoOfBytes = MyFile.GetDecBytePair();





That has now read in the information for the file header.  The next step is to read in the data for the image itself.

We know in this example that there is no compression so the bytes should contain the pixel data.  The colour depth is 24 bit colour so three bytes make up one pixel.  The image is 20 x 20 pixels so there are 400 pixels.  Each pixel as three bytes (RGB) so there should be 1200 bytes in the image.

To read in the data for the image we need a loop that starts at zero and ends when all of the bytes have been read like so...

[image: image43.png]//get the next byte - compression type
InageFile.Compression = MyFile.GetDecByte();
//get the next two bytes - number of bytes for raw (possibly compressed) image data
Int32 NoOfBytes = MyFile.GetDecBytePair();
//var to store the index in various loops
Int32 Index = 0;
//read in all of the image data a byte at a time
while (Index < NoOfBytes)
{
InageFile. InageData.Add(MyFile.GetDecByte());
Index++;




Once we have the bytes from the file for the image we need to set about drawing the data on the canvas.

Here is the completed code to display the image stored in the file...

    void ImageDeCoder()

    {

        //your code here to create the image decoder
        //create an instance of the file io class
        clsFileIO MyFile = new clsFileIO();

        //var to store the file name to open
        String FileName;

        //get the name of the file to open from the query string
        FileName = Request.QueryString["FileName"];

        //open the file for reading
        MyFile.OpenFileRead(FileName);

        //create a new image file for display on the canvas
        clsMog ImageFile = new clsMog();

        //get the first byte - file version
        ImageFile.Version = MyFile.GetDecByte();

        //get the next byte - colour resolution for the file
        ImageFile.ColourResolution = MyFile.GetDecByte();

        //get the next two bytes - image width
        ImageFile.ImageWidth = MyFile.GetDecBytePair();

        //get the next two bytes 0 image height
        ImageFile.ImageHeight = MyFile.GetDecBytePair();

        //get the next byte - compression type
        ImageFile.Compression = MyFile.GetDecByte(); 

        //get the next two bytes - number of bytes for raw (possibly compressed) image data
        Int32 NoOfBytes = MyFile.GetDecBytePair();

        //var to store the index in various loops
        Int32 Index = 0;

        //read in all of the image data a byte at a time
        while (Index < NoOfBytes)

        {

            ImageFile.ImageData.Add(MyFile.GetDecByte());

            Index++;

        }

        //set the size of the canvas based on the image size
        ACanvas.SetCanvasSize(ImageFile.ImageWidth, ImageFile.ImageHeight);

        //set the index to zero
        Index = 0;

        //start at the top of the image
        //while there is y pixels to process
        while (ACanvas.Y < ImageFile.ImageHeight)

        {

            //start at the left of the image
            ACanvas.X = 0;

            //while there are x pixels to process
            while (ACanvas.X < ImageFile.ImageWidth)

            {

                //set up an array list to store the pixel data
                List<Byte> PixelData = new List<byte>();

                //object to store a single rgb pixel
                clsRGBPixel APixel = new clsRGBPixel();

                //get the data for this pixel
                PixelData = ImageFile.GetPixelData(Index);

                //three bytes = 1 pixel
                APixel.Red = PixelData[0];

                APixel.Green = PixelData[1];

                APixel.Blue = PixelData[2];

                //point at the next pixel in the data
                Index += 3;

                //plot the pixel
                ACanvas.PlotPixel(APixel);

                //move one pixel along the x axis
                ACanvas.X++;

            }

            //move one pixel down the y axis
            ACanvas.Y++;

        }

        //display the image on the canvas
        ACanvas.DisplayImage();

    }

This allows us to display an uncompressed RGB bitmap file.

1 Bit Monochrome Colour Depth

What if we change the rules now?

What if we change the colour resolution from RGB to 1 bit colour at the encoder?

In RGB each pixel is stored as three bytes.  In 1 bit monochrome each pixel is represented as 0 or 1.

To achieve this we will need to modify the encoder in Default.aspx like so...

[image: image44.png]void ImageEnCoder()
{
//your code will need to go here to create a new image file
/7
//create a new instance of the mog file class called NewImage
clstog NewImage = new clstog();
//set the file name based on the selection from the combo box
NewImage.Filellame = choLibrary.Text.Replace(".txt", ".mog");
//set the colour resolution for the output file
NewInage.ColourResolution = 2;
//set the image height
NewInage. InageHeight = GPE.CanvasSize;
/et the image width
NewImage. Inageiidth = GPE.CanvasSize;
//set the compression format
NewInage.Compression = 05
//get the rgb data for this vector image
NewInage.ImageData = GPE.GetRGBList;
//save the mog file
NewInage.Save() ;




This sets the colour resolution to 1 bit monochrome.

If we try to view the image the program will crash as the encoder and decoder do not match.
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To fix this we need to modify how the loop operates.

Currently we are reading in three bytes and assuming they equate with one pixel.

Since three bytes contains 24 bits, under 1 bit monochrome three bytes is in fact 24 pixels.

The following modified loop reads in the data correctly...

        //while there is y pixels to process
        while (ACanvas.Y < ImageFile.ImageHeight)

        {

            //start at the left of the image
            ACanvas.X = 0;

            //while there are x pixels to process
            while (ACanvas.X < ImageFile.ImageWidth)

            {

                //set up an array list to store the pixel data
                List<Byte> PixelData = new List<byte>();

                //object to store a single rgb pixel
                clsRGBPixel APixel = new clsRGBPixel();

                //get the data for this pixel
                PixelData = ImageFile.GetPixelData(Index);

                //if the data is zero then the pixel is white
                if (PixelData[0] == 0)

                {

                    //set the pixel to rgb white
                    APixel.Red = 255;

                    APixel.Green = 255;

                    APixel.Blue = 255;

                }

                else
                //else it is 1 so must be black
                {

                    //set the pixel to black
                    APixel.Red = 0;

                    APixel.Green = 0;

                    APixel.Blue = 0;

                }

                //point at next pixel in the data
                Index++;

                //plot the pixel
                ACanvas.PlotPixel(APixel);

                //move one pixel along the x axis
                ACanvas.X++;

            }

            //move one pixel down the y axis
            ACanvas.Y++;

        }

        //display the image on the canvas
        ACanvas.DisplayImage();
In this case the pixel data will be either 0 or 1.
If the bit is 0 then we create a white pixel.  If the bit is 1 then we create a black one.

Your image should look something like this...

[image: image46.png]



Note the loss of detail as the image is reduced from RGB to 1 bit monochrome.

8 Bit Indexed Colour

The third image resolution the file supports is 8 bit indexed colour involving a Colour Look-Up Table (CLUT).

As before you will need to modify the encoder for the file like so...

[image: image47.png]void ImageEnCoder()

{
//your code will need to go here to create a new image file
/7
//create a new instance of the mog file class called NewImage
clstog NewImage = new clstog();
//set the file name based on the selection from the combo box
NewImage.Filelame = choLibrary.Text.Replace(” . txt:
/et the colour resolution for the output file
NewInage.ColourResolution = 1;
/et the image height
NewInage. InageHeight = GPE.CanvasSize;
/et the image width
NewImage. Inageiidth = GPE.CanvasSize;
//set the compression format
NewInage.Compression = 05
//get the rgb data for this vector image
NewInage.ImageData = GPE.GetRGBList;
//save the mog file
NewInage.Save() ;





The following modified loop makes use of the CLUT...

            while (ACanvas.X < ImageFile.ImageWidth)

            {

                //set up an array list to store the pixel data
                List<Byte> PixelData = new List<byte>();

                //object to store a single rgb pixel
                clsRGBPixel APixel = new clsRGBPixel();

                //get the data for this pixel
                PixelData = ImageFile.GetPixelData(Index);

                //get the index in the CLUT
                Int32 CLUTIndex = PixelData[0];

                //get the pixel data from the CLUT
                APixel = ImageFile.PixelFromCLUT(CLUTIndex);

                //point at the next pixel in the data
                Index++;

                //plot the pixel
                ACanvas.PlotPixel(APixel);

                //move one pixel along the x axis
                ACanvas.X++;

            }

            //move one pixel down the y axis
            ACanvas.Y++;

        }

        //display the image on the canvas
        ACanvas.DisplayImage();
In this case we use the PixelFromCLUT method to get the RGB colour based on its index.

In the case of indexed colour the pixels are stored as single bytes.  Each byte represents a location in the CLUT...

Byte 1

Index 0

Byte 2

Index 1
Byte 3

Index 1
Byte 4

Index 0
CLUT

Index 0
R 255, G 0, B ,0

Index 1
R 0, G 0, B ,255
The above data would translate to the following 2 x 2 image...

	
	

	
	


Dealing with Compression
The mog format supports 2 types of compression RLE (Run Length Encoding) and LZW (Lempel–Ziv–Welch).
To specify the type of compression we need to modify the encoder function like so...

    void ImageEnCoder()

    {

        //your code will need to go here to create a new image file
        //
        //create a new instance of the mog file class called NewImage
        clsMog NewImage = new clsMog();

        //set the file name based on the selection from the combo box
        NewImage.FileName = cboLibrary.Text.Replace(".txt", ".mog");

        //set the colour resolution for the output file
        NewImage.ColourResolution = 1;

        //set the image height
        NewImage.ImageHeight = GPE.CanvasSize;

        //set the image width
        NewImage.ImageWidth = GPE.CanvasSize;

        //set the compression format
        NewImage.Compression = 1;

        //get the rgb data for this vector image
        NewImage.ImageData = GPE.GetRGBList;

        //save the mog file
        NewImage.Save();

    }
In this case setting it to RLE.

If we try and view the file now the program will crash again as we need to uncompress the data before we display it.

The following code takes this into account.

    void ImageDeCoder()

    {

        //your code here to create the image decoder
        //create an instance of the file io class
        clsFileIO MyFile = new clsFileIO();

        //var to store the file name to open
        String FileName;

        //get the name of the file to open from the query string
        FileName = Request.QueryString["FileName"];

        //open the file for reading
        MyFile.OpenFileRead(FileName);

        //create a new image file for display on the canvas
        clsMog ImageFile = new clsMog();

        //get the first byte - file version
        ImageFile.Version = MyFile.GetDecByte();

        //get the next byte - colour resolution for the file
        ImageFile.ColourResolution = MyFile.GetDecByte();

        //get the next two bytes - image width
        ImageFile.ImageWidth = MyFile.GetDecBytePair();

        //get the next two bytes 0 image height
        ImageFile.ImageHeight = MyFile.GetDecBytePair();

        //get the next byte - compression type
        ImageFile.Compression = MyFile.GetDecByte(); 

        //get the next two bytes - number of bytes for raw (possibly compressed) image data
        Int32 NoOfBytes = MyFile.GetDecBytePair();

        //var to store the index in various loops
        Int32 Index = 0;

        //read in all of the image data a byte at a time
        while (Index < NoOfBytes)

        {

            ImageFile.ImageData.Add(MyFile.GetDecByte());

            Index++;

        }

        //create an instance of the compression class
        clsCompression Compression = new clsCompression();

        //if there is rle compression uncompress the raw data
        if (ImageFile.Compression == 1)

        {

            ImageFile.ImageData = Compression.RLEUncompress(ImageFile.ImageData);

        }

        //set the size of the canvas based on the image size
        ACanvas.SetCanvasSize(ImageFile.ImageWidth, ImageFile.ImageHeight);

        //set the index to zero
        Index = 0;

        //start at the top of the image
        //while there is y pixels to process
        while (ACanvas.Y < ImageFile.ImageHeight)

        {

            //start at the left of the image
            ACanvas.X = 0;

            //while there are x pixels to process
            while (ACanvas.X < ImageFile.ImageWidth)

            {

                //set up an array list to store the pixel data
                List<Byte> PixelData = new List<byte>();

                //object to store a single rgb pixel
                clsRGBPixel APixel = new clsRGBPixel();

                //get the data for this pixel
                PixelData = ImageFile.GetPixelData(Index);

                //get the index in the CLUT
                Int32 CLUTIndex = PixelData[0];

                //get the pixel data from the CLUT
                APixel = ImageFile.PixelFromCLUT(CLUTIndex);

                //point at the next pixel in the data
                Index++;

                //plot the pixel
                ACanvas.PlotPixel(APixel);

                //move one pixel along the x axis
                ACanvas.X++;

            }

            //move one pixel down the y axis
            ACanvas.Y++;

        }

        //display the image on the canvas
        ACanvas.DisplayImage();

    }
Note the use of clsCompression to provide the appropriate un-compression.

Important Concepts and Code Structures

In the above examples we have assumed an understanding of certain concepts.

In this section we will explore some of those concepts in greater depth.

What is a Bit?

A bit is a basic unit of storage in a computer system.  A bit may be either on or off or 0 or 1.  Whenever we store any data in a computer system it is always stored as a sequence of zeros and ones.

What is a Byte?
When working with bits it soon becomes unwieldy when we have a large amount of data.  In order to get around this problem bits are organised in groups of 8 to form bytes.

010010010100111001001001000111100100100100100100010010101
Becomes...

01001001 01001110 01001001 00011110 01001001 001001000 10010101

Unfortunately the above is still pretty unwieldy!
To get over this stop representing the data as binary and represent the data as either base  ten or hexadecimal.

Most normal people don’t think in binary or hex and soon turn to a calculator when required.

It is useful though to have an appreciation of how the different numbering systems work.

When we count as human beings we count in base ten

	0

	1

	2

	3

	4

	5

	6

	7

	8

	9

	10

	11

	12

	13

	14

	15

	16


Computers naturally count in binary so the two systems next to each other would look like this...

	0
	0

	1
	01

	2
	10

	3
	11

	4
	100

	5
	101

	6
	110

	7
	111

	8
	1000

	9
	1001

	10
	1010

	11
	1011

	12
	1100

	13
	1101

	14
	1110

	15
	1111

	16
	10000


Or we organise the binary as groups of 8 bits i.e. bytes

	0
	00000000

	1
	00000001

	2
	00000010

	3
	00000011

	4
	00000100

	5
	00000101

	6
	00000110

	7
	00000111

	8
	00001000

	9
	00001001

	10
	00001010

	11
	00001011

	12
	00001100

	13
	00001101

	14
	00001110

	15
	00001111

	16
	00010000


Hexadecimal is a numbering system using base 16.

It can provide a useful half way point between base 10 and binary.

	0
	00000000
	00

	1
	00000001
	01

	2
	00000010
	02

	3
	00000011
	03

	4
	00000100
	04

	5
	00000101
	05

	6
	00000110
	06

	7
	00000111
	07

	8
	00001000
	08

	9
	00001001
	09

	10
	00001010
	0A

	11
	00001011
	0B

	12
	00001100
	0C

	13
	00001101
	0D

	14
	00001110
	0E

	15
	00001111
	0F

	16
	00010000
	10


Hex values are often used to represent RGB data, e.g. FFFFFF in RGB is white which in base 10 is 255, 255, 255 or binary 111111111111111111111111 (24 bit colour)

Question if we have 1 byte to play with what is the highest number we may represent?

11111111  in base 10 gives us 255

If we add 1 to this value we get 256 which in binary is 1 00000000 which is 9 bits.

So to represent 256 we would need two bytes.  So the highest number we may represent with a single byte is 255.  

Just to confuse things this is actually 256 values since we start at zero not 1.  0 to 255 is 256 different values.

We may now see how the binary and base ten relate to each other.

If we want to represent a large number than 255 in byes then we need to use more than one byte.

Two bytes

11111111 11111111

Allows us to count as high as 65536.  

Byte Lists

In order to work with data at this level we spend a lot of time dealing with the bytes.

C# gives us a Byte data type that allows us to manipulate Bytes.

We need at times to manipulate lists of more than one byte.

If we want to create an array list of Bytes in C# we would do the following...

List<Byte> MyBytes = new List<Byte>();

This would initialise an empty array list with zero entries.

If we wanted to represent 1 pixel using RGB say white the Hex for that pixel is FFFFFF which in base 10 is 255, 255, 255.

To add this pixel to the above array list we would do the following...

MyBytes.Add(255);

MyBytes.Add(255);

MyBytes.Add(255);

Each byte is now indexed like so...

Byte1 = MyBytes[0];

Byte2 = MyBytes[1];

Byte3 = MyBytes[2];

Each variable would be assigned the value 255.

Overview of GPE Classes
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This class allows us to read and write data to a file stored on disk.

Attributes

There are no attributes for this class

Operations

OpenFileRead OpenFileWrite

Open a specified file for reading and writing respectively.

Once a file is open for reading there are several ways the bytes may be read in...

GetDecByte

Reads in a single byte of data in base 10

GetDecBytePair

Reads in two bytes of data

GetHXByte

Reads in a single byte as a Hexadecimal string value

Once a file is open for writing there are several options for writing bytes...

WriteByte

Writes a single byte to a file on disk

WriteBytes

Writes an array of bytes to a file on disk

There are also the following general file related operations...

ReadTextFile

Reads in a specified text file as a single string value

GetDirectoryContents

Reads an array of string containing the list of files and folders in a specified path,
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This class is used in the viewer page to display an image.  Any image displayed is also saved as a Windows BMP file in the root directory of the program.

Attributes

X

Setting this value specifies the X coordinate on the canvas of the pixel to be plotted.

Y

Setting this value specifies the Y coordinate on the canvas of the pixel to be plotted.

Operations

SetCanvasSize

This sets the size of the canvas and must be called prior to plotting any pixels.

PlotPixel

Plots a pixel base on the class clsRGBPixel at whatever location is specified by the X and Y position above.

DiplayImage

Displays the image on the viewer page and saves a BMP file to disk.
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Provides compression un-compression tools.

Attributes

There are no attributes for this class

Operations

LZWCompress LZWUncompress

Performs LZW compression / un-compression on an array list of bytes returning an array list of bytes.
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Used to store a single mog file.

Attributes

ColourResolution

Specifies the colour depth of the image


0
RGB


1
CLUT


2
1 bit monochrome

Compression



0
RLE


1
LZW

FileName

Stores the name of the file for save operations

ImageData

Contains a Byte array which may also contain the CLUT
ImageHeight

Height in pixels of the image

ImageWidth

Width in pixels of the image

Version
Not used – default is 1

Operations

GetPixelData
Gets a pixel from the pixel data as an array of bytes

So...


1 RGB pixel would be three bytes


1 Monochrome pixel would be 1 byte (0 or 1)


8 bit CLUT would be 1 byte representing the index in the CLUT

PixelFromCLUT

Gets clsRGBPixel from the CLUT at a specified index
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Used to represent a single RGB pixel

Attributes

Red, Green, Blue
Stores the RGB attributes of the pixel

Operations

There are no operations
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Used to drive and display the GPE functionality.  Much of this is for information only.

Attributes

Canvas
Used to store the canvas as displayed in the program’s Default.aspx page

CanvasSize

Tells us how many pixels square the canvas is

ErrString

Used to store any error messages in scripts

Ink

Returns the current Ink value of the pan

X, Y

Returns the current x and y coordinates of the pen

Operations

BuildWebGrid RefreshWebGrid
Used in the initialisation of the program

DisplayScripts

Used to populate the scripts drop down list

LoadScript

Loads a script from the script folder

RunScript

Runs a script
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