Image Representation
In this lecture we shall take a look at the different systems for storing images within a computer system.

At the end of this lecture you should have some understanding of:

· The way that images may be represented using bitmap or vector graphics
· The difference between image resolution and colour resolution
· How changes in image / colour resolution influence the appearance of an image
· How image and colour resolution influence the size of the image file
1 Bit Images

All graphical content we see on a computer system must ultimately be stored in binary format as a sequence of zeros and ones.

The simplest system for representing graphical data in a computer system is to make a zero represent a white dot and a one represent a black dot.

So for example the following binary data:

0 0 1 0 1

Could be displayed as the following sequence of pixels
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Make two adjustments to the system we are using:

1. We use more bits (therefore more bytes and obviously more memory.)
2. We display the bits not as a single line but as a grid with specified height and width
The following image is 61 pixels wide by 57 pixels high.
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Quick Calculation of File Size
Since one bit is used to represent a single pixel, the file size for this document is quite simple to calculate.

Image width 

61 pixels

Image height 

57 pixels

1 pixel = 1 bit so image is 61 * 57 bits which is 

3819 bits

or divided by 8!

435 bytes of data to represent the above image.

If we increase the height and width of the image AND make the size of the pixels smaller, we are able to increase the image resolution of the picture and start to represent something more recognisable:
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This image is 512 pixels wide by 512 high.

This type of image may be referred to as a binary image since each pixel is stored as a single zero or one.

This kind of picture is also called a 1 bit monochrome image since it has no colour content.

Introducing Lena

The picture above is actually quite famous in the history of multimedia and is one of the most widely used images in testing image compression algorithms.
The image is taken from 1972 copy of Playboy and was scanned in 1973 when Alexander Sawchuk, then an assistant professor of electrical engineering at the University of Southern California, needed an image for a conference paper.

This of course answers the following question 

“What happens when you place computer geeks, a scanner and a copy of Playboy in the same room?”

Lena was last reported living in her native Sweden, happily married with three children and a job with the state liquor monopoly.

She will continue to live on as an industry standard test image for digital imaging.

8 Bit Grey Scale Images

If all we can represent in our images is a sequence of black and white dots, there would be no way to represent more complex photo realistic images.

The next step in representing digital images is to represent shades of grey.

In the 1 bit system we represent a single pixel by means of a single bit.

What if we change the way that we represent our pixels and use a single byte (8 bits) to represent a single pixel?
In a 10 X 10 image using the one bit system:
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We would use 100 bits or 13 bytes.

However if each pixel corresponds to a single byte:
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A 10 by 10 image starts to increase in size:

10 X 10 = 100 pixels or 100 bytes

This is as opposed to 13 bytes for the same image using a 1 bit system.

Although we have seen an increase in storage requirements, the big advantage is that we may now assign a shade of grey to each binary value:

For example:
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By introducing the idea of representing a single pixel by 8 bits of data we may introduce a greater level of subtlety into our digital images.

Note the obvious contrast between the 1 bit representation and the 8 bit grey scale.
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This system of representing the image as an array of bytes is called a bitmap.
24 Bit Colour Images

As we have seen in the above examples, 
We may use a single bit to represent a single pixel to give us a 1 bit image.

Or

We may use a single byte to represent a single pixel where each pixel has a single shade of grey within a range of 256 possible values.

In the case of a 24 bit system we may start to introduce some colour to the situation.

24 bits equates to 3 bytes.

11111111
11111111
11111111

Each byte has a possible range of values from 0 to 255.

In this case the byte represents the amount of red, the second the amount of green and the third the amount of blue.

In this system a single pixel in the image is represented by three bytes.

So, a 10 X 10 image …

Contains 100 pixels

Which is 300 bytes.

Notice how the amount of storage required for our image has increased.

1 bit image 

10 X 10 

100 bits
13 bytes

8 bit grey scale
10 X 10 

800 bits
100 bytes

24 bit colour image
10 X 10

2400 bits
300 bytes

The dimensions of the image are still 10 pixels by 10 pixels but the file size has increased with the increasing level of detail being stored.

A 640 X 480 24 bit colour image would require 921.6 kilobytes of storage without any compression.

Although the storage requirements increase for 24bit images, the advantage is that we can represent 16, 777, 216 colours in our image.

8 bit Colour Images and Look up Tables

As we have seen the storage overhead has gradually crept up as we have represented more data in our image.

One way of reducing the size of the image file is to use an 8 bit colour system with a lookup table.

Imagine for the sake of argument we had an image that was completely blue with no red or green.

If we were to look at the binary values for some of the pixels in the file we might see the following if represented using 24 bit colour RGB values.

	Pixel
	Red
	Green
	Blue

	1
	0
	0
	255

	2
	0
	0
	255

	3
	0
	0
	255

	4
	0
	0
	255


Since the image is completely blue why do we bother to store the red and green components? In this instance it could be argued that it is a waste of storage space.
An alternative would be to introduce a lookup table in the file.

The lookup table would contain only the RGB values that actually appear within the image.

In this case our lookup table only needs to worry about blue.

Lookup Table

	Table Entry
	Red
	Green
	Blue

	1
	0
	0
	255


Rather than each pixel comprising of 3 bytes, we represent each pixel with a single byte.

This time the byte of data doesn’t contain RGB information, but a reference to the place in the lookup table where it may find the suitable RGB value.

So in this case our all blue image would contain:

	Pixel
	Lookup table entry

	1
	1

	2
	1

	3
	1

	4
	1


Vector Graphics

So far we have looked at bitmap graphic systems.  Another system for storing images is by means of vector graphics.

If we wanted to draw a circle using bitmap graphics we may create something like the following…
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This image in uncompressed format takes up about 260K of disk space.
How else could we draw this circle?

To draw a circle we need to know:

· The X co-ordinate of the centre
· The Y co-ordinate of the centre
· The radius of the circle
· Possibly a value of the fill colour
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So using 6 bytes (assuming 24bit colour for the fill) we could draw the above circle.

Vector graphics do not store images based on individual pixels, but based on sufficient mathematical data to draw the shapes of the image.

Flash is an example of a vector based tool that we shall be using in Unit 3 of the module.

There are two big advantages of using vector based graphics.

1. They tend to generate small file sizes.

2. The resize much better than bitmap graphics.

If we zoom in on a bitmap graphic, we will reach the stage where we will see the individual pixels.

Since vector graphics are calculated mathematically as we view them, we can zoom in and we will never see the pixels.
The following image is from the samples provided with Macromedia Freehand.
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Zoom in on the eye…
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No matter how much we apply magnification we will never see the pixels!
However if we Zoom in on a Bitmap we will eventually start to see the pixels.
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Rasterisation

Sometimes when using PhotoShop, there are times when we will draw items that are in fact vector graphics.

Consider the following text drawn in PhotoShop…

[image: image10.png]7, Untitled-1 @ 100% (This is a vectorl, Gray/8) =1l

This is a vector!





When PhotoShop creates text it creates it as a vector graphic.
If we want to use the paint tool on the layer containing the text, the vector based text must be converted to a bitmap.
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The process of converting a vector shape into a bitmap is called rasterisation.
Selected Graphic Formats
Now that we have looked at some of the basic principles for representing graphics within a computer system, we shall examine some specific file formats.

· No single standard set forth for what graphics may be used
· Web is intended to support a wide range of formats
· What is supported is controlled by the browser
If browsers don’t support the format – don’t use it! e.g. BMP format:

· OK for Windows based systems
· Not good for MAC / UNIX / Mobile Devices
· Could download “plugins” – but why should they?
We shall look at the following graphics format:

· Graphics Interchange Format 


GIF 

· Joint Photographic Experts Group

JPEG / JPG

· Portable Network Graphics


PNG

We shall also mention a few other formats simply to put them in context.

Graphics Interchange Format 

GIF 

Pronounce “giff” or “jiff” is a very popular format on the Web.  

This format was originally devised by CompuServe.

CompuServe 
· The first major commercial on-line service in the US

· For many people in the UK, the first “service provider”
· Had its own content in terms of news groups, discussion forums etc.. 
· It developed its own standards for communication protocols and graphics, thus the development of the GIF format
(CompuServe was eventually purchased by America On-Line (AOL), and moved its content to the Web.  CompuServe still exists as an Internet Service Provider.)
The GIF format
Became the de-facto standard for images on the Web. (De facto means that something becomes an industry standard simply because everybody uses it.)

Incorporates a compression algorithm (more on that in a minute) which was developed by a company called Unisys.

The sudden popularity of the GIF format took both CompuServe and Unisys by surprise but for some time they let these copyright infringements pass.

However over time as larger companies started to make money using the algorithm, they did start to demand royalties.

What does this mean for you as a multimedia developer?

To store, create and edit GIF files along with using them on your Web sites is not an issue as you didn’t write the software to encode and decode the format.

Should you ever write software that encodes / decodes GIF files then you will need to consider paying royalties to the developers of the compression algorithm.
GIFF and Colour
Limited to 256 colours, so conversion from 16 million colours to the 256 colour GIF format will result in loss of colour depth.

Makes use of a colour lookup table to store the colour information.

It only stores the colours that are in the image.
GIFF, Dithering and Banding
Dithering is a technique to fool the brain into thinking that there is more visual information in the image than there really is.
For example

[image: image12]
A 
The original unchanged image
B 
1 bit monochrome with dithering
C 
1 bit monochrome without dithering – note the loss of detail
D 
8 bit colour with dithering – note the speckled effect which is common to this process
The following image
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The original image is on the left. The non dithered image is in the middle. The dithered version of the image is on the right.

Without dithering a GIFF file tends to develop harsh transitions called banding.

Interlacing
When you download an image over the Web, it usually is displayed from left to right down the image.


[image: image14]
The GIFF format allows for a technique called interlacing which displays the image every eighth line at a time.
The effect that you get is something like…


[image: image15]
On the second pass the next rows of the image are displayed.


[image: image16]
And so on until the whole image is displayed.
Even though we are getting only every eighth line at a time we get to see the image without having to download the entire image.
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This is another technique designed for low bandwidth networks.

GIFF Transparency
Consider the following graphics which contains Arabic characters.
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Notice how each character is contained within a white background obscuring the star background.
In the case of a GIFF we can set the transparency colour (in this example white) so that when the graphic is displayed we don’t see the white sections of the image, like so…
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By setting the transparency on the GIFF the graphics are much more visually appealing.

Be careful over which colour you select in a graphic with many colours as it may make the picture look like it’s full of pinholes.

GIFF Animation
The GIFF format also provides the facility to create simple animation.

Below are three frames from an animated butterfly.
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By creating frames stored individually within the image and cycling through those frames, a simple animation effect is created.

Joint Photographic Experts Group
JPEG / JPG

A compression standard best applied to photographs or complex shading / lighting effects.
Stores a complete black and white version of the image and most of its colour information.

Not all of the colour information is stored. This makes JPEG a “lossy” format as some of the original image information is lost, especially in highly compressed files.
The compression process creates errors in the image like so…
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When using graphics with large areas of similar colour the GIF format is a better choice.
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At a glance there isn’t much in it, however if you zoom in on the images…
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Notice the blocks of grey on the JPEG on the right, this is not a problem with the GIF on the left.

The GIF is 2K, the JPEG is 15K.
However when it comes to graphics with a wider tonal range, e.g. a photographic image…
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The JPEG on the left is 55K.  The GIF on the right is 70K,.

Progressive JPEGS
JPEGS offer a facility similar to interlacing in a GIF called progressive files.
A progressive JPEG is downloaded in sections across the image rather than from start to finish, providing the viewer with a preview of the file prior to the whole file being downloaded.

Portable Network Graphics

PNG

As a format PNG :
Offers better compression than GIF – ranging from 10 – 30 %
Is not limited to 256 colours with full RGB capabilities.
Supports interlacing.
Supports transparent colours.
So why is PNG not the only graphics format on the Web?
Well …

Older browsers don’t support the format.
Internet Explorer 6 and below doesn’t represent transparencies.
Some developers just prefer GIF and JPEG.

Over time GIF and JPEG will probably be replaced by PNG.
Other Formats
Tagged Image File Format

TIFF
Developed by the Aldus Corporation in the 1980s.
This file type allows additional information to be stored within the file called tags.  
For example one such tag may be used to specify the type of compression used within the file.  
TIFF is able to store a wide range of different formats e.g. 1 bit grey scale or 24 bit RGB. 
TIFF files are often used to store images captured on a scanner and converted to other more Web friendly formats such as JPEG and PNG.

Windows BMP
Native format for Microsoft Windows and is the normal format for images saved in Paint.
PhotoShop PSD Files
PSD files are PhotoShop’s native format for storing data.  

It is worth pointing out two things…

These files are not suitable for use on a Web site, they may be very large.
Work in PhotoShop is best saved in this format otherwise you don’t retain such things as layers.  Compression applied in for example a JPEG will reduce the quality of the image for editing. 
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