Colour and Resolution


Selecting the correct colour is not simply a matter of aesthetics.

From the picture above what would you do if you were asked to pick the pink pen?

What if we now looked at this picture…
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Select the pink pen.

How would you fare now?

For people with colour blindness the above example is a real problem.
(Example taken from http://www.colourblindawareness.org)

If you are designing your interface and you do something like this…
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You may well be creating big problems for some of your potential users.
Colour Selection

Before we start to discuss some of the more technical aspects of colour it is also worth looking at colour wheels to help you think about the colour palate.
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Light and Colour

As many of you are probably aware what we perceive as white light is comprised of a spectrum of other colours.

White light when refracted through a prism will produce the full spectrum.
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Inversely by combining different colours it is possible to generate other colours, rather like mixing paint.
What we need is some mechanism for capturing the light from our subject along with some way of storing that data within the computer system.

We won’t get into too much detail of how the hardware works but we will consider some of the implications arising from the hardware.
The Solar Cell

Most people will have seen solar powered calculators.

[image: image5.jpg]



They work on the principle of converting light into electricity, thus powering the calculator.
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In the case of a solar cell the level of current produced is related to the strength of the light source.

No light, results in no electricity.

High levels of light produce high levels of current.

Any level of light between high and none produces a continuous range of current.
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From the above graph, as the light level increases so does the voltage. (This is a simplified view of the situation!)

We could use a solar cell and rather than using it to a power a calculator, we could measure the amount of electricity produced and calculate a numeric value.
Analogue to Digital Conversion (ADC)
An analogue to digital convertor will do this job quite nicely and is a really important device in creating digital multimedia.

Using an ADC we may measure the levels of any signal and turn it into a stream of zeros and ones that a computer is able to store.

This is true of both images and sound.

For example for the sake of argument let’s say that the maximum voltage our cell is able to produce is 3 volts.
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We now have a system for measuring light levels based on the amount of electricity produced.

The next problem that we face is how do we store these values in a computer?

As we have already mentioned, a computer is only able to store data in binary format.

So in this example we would need at the very least 2 bits to store our maximum value of 3.

00 = 0

01 = 1

10 = 2

11 = 3

Analogue v Digital Data

In the real world the data around us is analogue.  This means that it has infinite variability.

Take an analogue clock face for example.
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Not only can this clock face represent the usual units of hours and minutes (10:15) it is also able to represent an infinitely devisable range of units.

At some point the clock will hit 10 hours and 15.34567890 minutes.

Now compare this to a digital clock face…
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This clock can never represent 10 hours and 15.34567890 it will always jump from 10:15 to 10:16.

This difference between analogue and digital data always introduces errors due to the rounding called quantisation errors.

Quantisation and the Photo Cell

The problem we have here is that the electrical output of the photo cell is able to produce an infinite range of values from zero up to three.

e.g. 
0.1 


2.456


1.56

In our two bit binary system we may only represent whole numbers 0 1 2 & 3.

So what do we do?

The answer is to round off the value and produce a quantised value.

Quantisation is the process of limiting something to a discrete set of values 
We could apply the rules as follow:

0.3

becomes
0

0.67 

becomes 
1

2.9

becomes
3

Quantisation Error

Quantisation is a problem when it comes to any sort of conversion from analogue to digital.

The issue is what happens when we get similar shades that both become quantised to the same value:

Consider the following table

	White
	15% Grey
	30% Grey

	0
	0.3
	0.4


This table displays three shades of grey, beneath are the voltages resulting from these light levels.

The problem is that each shade of grey is going to become rounded down to zero, which means that each shade will be stored as white – which is incorrect.

	White
	White
	White

	0
	0
	0


To see this on a more complex example compare the following images:
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Notice how the image below has lost the gradual change of levels and has become “blocky” due to the values being rounded to a nearest value.

When converting from an analogue source to a digital one, quantisation is always a problem.  The best we can hope for is that we reduce the problem to a level where it is imperceptible to the human eye.

Arranging the Solar Cells into an Array

Imagine now rather than using a single solar cell we organise a group of cells into an array, like so. (Each square is a single solar cell.)  This will give us an image 20 x 20 dots wide.
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Then we project our image onto the array of cells…
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Each cell will generate an individual voltage and allow us to digitise the image.

Resolution

Let’s assume we now take a picture based on the image projected onto the array of sensors...
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Becomes...
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The problem here is that both the image resolution and colour resolution are insufficient to represent the image.

The image is represented by a 20 x 20 grid. Each pixel is only able to represent either black or white.

Increase the number of sensors (the size of the grid) and the image starts to become clearer. (In this case 200 x 200 pixels)
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By increasing the size of the grid (number of pixels per inch) we have just increased the image resolution of the image.

Increasing the image resolution will only take us so far.  What we also need to do is increase the number of shades each pixel may represent – the colour resolution.

10 colours...
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256 Colours
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Colour Resolution and Image Resolution

There are two forms of resolution that we need to think about when dealing with digitised images.

Colour Resolution 
relates to the depth of colour the image reproduces.  The more bits we use to represent a single pixel the greater the number of colours may be stored in that pixel
Colour resolution is not related to the size of the image

We could have a 1 x 1 pixel image and still have a colour resolution of 16 million colours – 24 bit colour! (Not that there would be a lot of point.)

Image resolution 
relates to how many pixels make up the height and width of the image per inch – dots per inch.  

Image resolution is an issue when it comes to the size of the image in dpi
A low image resolution can look pretty good if displayed as a postage stamp – high dpi
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But increase the size – low dpi…
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Note that the colour resolution of the above image is still 16 million colours!

The greater the image resolution (high dpi) the more resilient the image is to increases in size.
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On the left is 510 X 510, on the right is 256 X 256.
The problem is that with the image on the right we start to see the pixels as we make the image bigger.

This is a real problem when working with low quality images and we try to re-size them in Photoshop.

Colour Representation

Red Green Blue RGB
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RGB colour works on the basis that by mixing different proportions of these three colours it is possible to generate all other colours.

For example:

	Black
	rgb(0,0,0)

	Red
	rgb(255,0,0)

	Green
	rgb(0,255,0)

	Blue
	rgb(0,0,255)

	Yellow
	rgb(255,255,0)

	Cyan
	rgb(0,255,255)

	Magenta
	rgb(255,0,255)

	Grey
	rgb(192,192,192)

	White
	rgb(255,255,255)


RGB is very common in computing and is probably the main (and only) system you will encounter.

Note in the table above how the colour is represented using three numbers.

e.g. grey 192,192,192

If we look at these three numbers and their binary representation we get three bytes allocated per pixel.

e.g. grey Red - 11000000, Green - 11000000, Blue - 11000000
Red green and blue all get 8 bits allocated each totalling 24 bits allocated for one pixel.

This is why RGB is sometimes referred to as 24 bit colour.
The RGB system is able to represent 16 million colours.

What is interesting is that of those 16 million colours, the human eye is only able to perceive 10 million of them.

The extra colours come in very useful when we want to perform image processing and special effects.

CMYK (Cyan, Magenta, Yellow & Black)

[image: image24.png]



In the case of CMYK the three colours are mixed together in such a way to remove red green and blue from the final mix of colours.

This approach is also referred to subtractive and is more commonly used in the printing industry.

K – Black is added in order to generate true black. (Remember how when mixing colours at school you tended to end up with dirty brown!)
The Scanner

Scanners use very similar technology to the digital camera convert the light source into electrons and then turning those into zeros and ones.

The main difference with a scanner is that the detector is mounted on a scan head and the scan head is moved over the document to create the image.

In the case of a digital camera, the subject often is illuminated by its own light source (or a flash) In the case of a scanner the device has its own light source installed in the scan head.
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The image is ultimately encoded into digital format.

Scanners often refer to their resolution in dpi.

So if you scanned a picture 1 inch square using a 600 dpi scanner you would generate a 600 x 600 pixel image.

“Yes but my scanner says it can scan at 2400 dpi!”

Although the scanner may only be able to scan at a resolution of 600 dpi, it is often capable of producing images of a higher resolution.

Interpolation

Interpolation is a technique for calculating missing data.

Let’s say we take a tiny section of an image.
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This image is 41 x 21 pixels.

Blowing the image up produces the following...
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We can see the pixels that make up the image.

Using a tool like Photoshop, we can re-size the image and increase the height and width, say to 82 X 42 (from 41 x 21)
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We now have enlarged the image to double its original size.

Question- where did the extra pixels come from?

When the image is blown up by the software, a huge amount of blank space will be generated.

If we take a small section of the original, e.g. from the eye…

[image: image32.png]



Double the size…
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We space out the existing pixels to give us the increase in size.

The question is “what do we do with the gaps?”

Interpolation algorithms examine the existing pixels and make a “best guess” at the kind of data that will fill the gaps.
Digital to Analogue Conversion

Having looked at some issues related to taking an analogue image and turning it into a digital copy we will now look at the opposite journey from digital to analogue output.
The Display Adapter / Monitor – Device Resolution
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A monitor creates its image by combining Red Blue and Green dots to produce the full range of colours.

If you look at a TV picture, you will see these dots with the naked eye, in the case of a monitor the dots are much closer together and therefore much harder to see.

In the case of a monitor, the quality of the equipment is called the dot pitch.  

The dot pitch is the distance in millimetres of dots of the same colour.

In the case of a typical monitor the dot pitch is .28, meaning there is .28 mm between the red dots (green dots or blue dots).

The smaller the dot pitch, the higher the quality of the equipment.

The Output from the Graphics Card

The other factor which determines the output to the monitor is the display adapter (graphics card).

The display adapter usually has a resolution of 72dpi.  That means that for every inch of screen there are 72 dots being output by the adapter.

This creates an interesting issue when comparing an image say scanned or taken with a camera and the same image displayed on a typical display.

Imagine we scanned in an A4 document at a resolution of 600 dpi.

[image: image35.png]



A4 – 11.75 x 8.25 inches or 7050 x 4950 pixels.

Our 600dpi image

A4 – 11.75 x 8.25 inches or 7050 x 4950 pixels.

When displayed on a monitor at 72dpi

Becomes 98 x 69 inches or 8 x 6 foot!

Which means you will only see the top left hand corner without some adjustment to the size, like so…
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When the image should look like this…
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The problem is that the display can only show images up to a certain size. In order to view such an image you will need to zoom out or scale it down.

It is possible to adjust the resolution of the desktop to accommodate larger images, but there is a limit.

Typical sizes of desktop are:

640 X 480

800 X 600

1024 X 768

1280 X 960

This brings us very nicely to a common mistake students make.

Q. What happens if you give a student a monitor which will run at 1280 X 960?

A. They design their multimedia artefacts to fit in with that screen size.

Below is a good example of this…
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The student shall remain nameless, but note what happens when a site is designed for a 1280 X 960 display and then viewed at 800 X 600!

When displaying images on a monitor, it is very important that you think about the resolution of the image and how it will display on various systems.

When designing your screens try to design for a “liquid layout”. 

A liquid layout is one that adapts to the size of the screen it is viewed on.

This is becoming far more important now that mobile phones and tablets are becoming so common.

Displays with Lower Colour Resolution

Display adapters also allow you to specify the colour resolution.

Typical values are:

· 16 colours

· 256 colours

· 16 million colours

The question then arises...

“How do I view a 16 million colour image 256 colour display?”

This is achieved using a technique called dithering.

Dithering uses random dot patterns to give the illusion that there is more colour (or shades of grey) than the equipment can actually produce.

For example…
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A is the original unchanged image

B is 1 bit monochrome with dithering

C is 1 bit monochrome without dithering – note the loss of detail

D is 8 bit colour with dithering – note the speckled effect which is common to this process

Gamma Correction

So far we have looked at a range of techniques for representing graphics on a computer system.

One assumption that we make when we are creating our graphical content is that all display devices will show the image in the same way.

This is unfortunately not the case.

When an RGB value is displayed on a monitor, the RGB value is used to generate electrons that form the pixels.

It would be nice if the relationship between say the red value and the amount of electrons produced was linear e.g. 
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However it may be more like…
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Gamma correction adjusts for this difference, without it similar shades may not be distinguishable next to each other.

For example we may have the following image with no gamma correction applied…
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When it should look like this…
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Gamma correction becomes an issue when you want to display an image across many different platforms.

Say for example you created your graphics on a PC you need to check to see what it looks like on a MAC and vice versa.

Preparing Files for the Internet

As well as taking into the account the dimensions and colour depth of the graphics, it is also worth remembering two things.

· High quality images require large file sizes

· More and more people are using mobiles and tablets to view content (this raises issues of speed and cost per download)

Some tips for presenting graphics on the Web:

· Use Web friendly formats (gif, jpeg, png) not Web hostile ones (tiff, bmp)

· Make use of compression if it doesn’t affect quality

· Watch height width and colour settings

· If you must use high quality pictures create thumbnails

· Indicate the size of the file on any related links

Printing Graphics

In the case of displaying graphics on a monitor we need to be careful about the height and width settings of an image.  We have seen that too many dpi will result in an image too large for the screen to display.

In the case of printed output we want to try and match the output resolution of the printer.

If the printer has a device resolution of 600 dpi then the image we are printing should also have a resolution of 600 dpi.
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