Pixels and Resolution
Notes compiled by Tony Smith
Introduction
All digital images are composed of minute blocks of colour called “pixels”, which is short for ‘picture elements’. An individual pixel carries information that governs its colour, the strength of that colour, and how light the pixel is displayed or printed. These three aspects are referred to as the pixel’s Hue, Saturation and Brightness (HSB) values. Because most digital images are made up of millions of pixels they are not usually visible to the naked eye. When we look at a digital image, therefore, we see the gradual and subtle changes in light and shade, and tone and colour as smooth transitions, or ‘continuous tones’.

As photographic images are rectangular, we can count the number of pixels that make up the width and the height of the image. This measurement is referred to as the pixel dimensions of the image. For example:

2,048 x 1,536 pixels = 3.15 mega pixels (Mp)

The number of pixels affects three important aspects of a digital photograph:

· The maximum size at which you can produce good prints

· The display size of the picture when viewed on a computer or TV screen

· The size of the image file

The number of pixels that an image has dictates the image’s resolution (how much detail it contains). More detail equals more texture, better tonal graduation and more reality. The more pixels there are, the higher the resolution. 
Print Resolution
The resolution of a digital image is measured in pixels per inch (ppi) and the standard resolution to achieve photo-quality prints is 300ppi. So, if you know how many megapixels (millions of pixels or Mp) a digital camera’s sensor has, it’s a simple calculation to work out the optimum print size the camera is capable of producing. For example, let’s assume a 6 Mp camera has a sensor with 2,816 pixels across by 2,112 pixels down (2,816 x 2,112 = 5947,392 ~ 6 MP). To work out the optimum print size the camera is capable of, simply divide 2,816 and 2,112 pixels by 300ppi. 

2,816/300 = 9.387 ~ 9½ inches
2,112/300 = 7.04 ~ 7 inches. 

Hence 6 Mp picture file can produce a 9½ x 7 inches print at 300ppi resolution.

It’s important to remember, however, that 300ppi is considered to be the optimum industry-standard resolution and assumes a close viewing distance. Depending on the image, the camera, the printer and the intended size of the print (larger prints tend to be viewed from farther away), you may find that a resolution of 250ppi or even 200ppi (or lower) can produce perfectly acceptable results.

Mega Pixels versus Print Size
	Camera
	Pixels
	Approximate print size at 300ppi
	Approximate print size at 200ppi

	3Mp
	2,048 x 1,536
	7 x 5 in (18 x 13cm)
	10 x 7½ in (26 X19cm)

	4Mp
	2,280 x 1,700
	7½ x 5½ in (19 X 14cm)
	11½ x 8½in (29 X 22cm)

	5Mp
	2,592 X 1,944
	8½ x 6½in (22 x 16cm)
	13 X 9½in (33 x 24cm)

	6Mp
	2,816 x 2,112
	9½ x 7in (24 x18cm)
	14 x 10½ (39 x 29cm)

	7MP
	3,072 x 2,304
	10 x 7½in (25 x 19cm)
	15½ x 11½in (39 x 29cm)

	8Mp
	3,264 x 2,304
	11 x 8in (28 x 20cm)
	16½ x 12in (42 x 30cm)

	10Mp
	3,888 x 2,592
	13 x 8½ (33 x 22cm)
	19½ x 13in (49 x 33cm)

	12Mp
	4,288 x 2,848
	14½ x 9½in (37 x 24cm)
	21½ x 14in (55 x 36cm)

	16.3Mp
	4,896 x 3,264
	16½ x 11in (42 x 28cm)
	24½ x 16½in (62 x 42cm)

	20.2Mp
	5,472 X 3,648
	18 x 12in (46 x 31cm)
	28 x 18in (71 x 46cm)

	8.8Mp
	3,510 x 2,490
	A4 (11.7 x 8.3in)
	

	17.4Mp
	4,950 x 3510
	A3 (16.5 x 11.7in)
	


Before you print an image, you use a control in your photo editor to specify an output resolution, which determines the number of pixels per inch (ppi) in the print. Note that the output resolution is measured in terms of pixels per linear inch, not square inch. For instance, a resolution of 300ppi means 300 pixels horizontally and 300 pixels vertically, or 90,000 pixels for each square inch of your printed image.

As you decrease the resolution, the pixels become bigger and vice versa. For instance, if you have a resolution of 75ppi, then each square inch of the printed picture will contain only 75 x75 = 5,625 pixels. Compare this with the 90,000 pixels per square inch of a 300ppi picture! At low resolutions, the pixels have to become bigger to fill every square inch of the picture. The bigger the pixels, the more easily they can be seen and it becomes more obvious that the image is made up of square pixel elements. Areas that contain diagonals and curved lines take on a stair-stepped appearance.

DPI
You may occasionally see pixels per inch (ppi) incorrectly expressed as dots per inch (dpi) in some manuals, magazines, web sites or books when referring to resolution. The former specifically refers to the pixel dimensions of the image, whereas the latter is a measure of how many dots of ink a printer can render in one inch. Of course, “pixels per inch” only makes sense when we state the size of the printed image (see table above)! The Amateur Photographer requires that each RGB (Red, Green, and Blue) image file submitted to their magazine should be a minimum of 2,480 pixels along its longest length. This would correspond to about a 5Mp image.

Display Resolution
When you display a digital photo on your computer, the monitor simply devotes one screen pixel to every image pixel. Consequently, the pixel dimensions of a photo will control its relative size when viewed on the screen. In other words, as the pixel dimensions increase, the image size will also increase and vice versa. The relative size of the image on screen will depend on the screen resolution being used. 

As stated above, monitors display images using one screen pixel for every photo pixel. The exception is when you’re working in a photo-editing program that enables you to zoom in on (or magnify) a picture, thereby devoting several pixels to each image pixel. Most monitors can be set to a choice of displays that use a different number of screen pixels, or monitor resolutions. The default setting for Windows is 800 x 600 pixels. For photographic work using an image-editing program, it is better to use a high screen resolution if this available; for example, 1024 x 768 pixels or 1280 x 1024 pixels. 

For Web or email images, it is recommended that you resize your photos (see below) assuming that the image is being viewed on a monitor with resolution 800 x 600 pixels.

For instance:

480K pixel photo for a full size screen image

240K pixel photo for a half size screen image

120K pixel photo for a quarter size screen image

For email pictures, a maximum width of 300 pixels and a maximum height of 250 pixels may be used (75K pixels). 

Downsampling and Upsampling
Photo-editing programs enable you to delete pixels or add pixels to an existing digital photo. This process is known as resampling. Deleting pixels is known as downsampling, whereas adding pixels is known as upsampling.

Upsampling might sound like a good idea. I could always add pixels to achieve a bigger picture! However, be warned! The photo-editing program simply makes a best guess as to what HSB values to give the new pixels. Hence, this process should be avoided unless you have no other choice. 

If your photo contains too many pixels, which may be the case for pictures that you wish to use on the Web, you can safely delete pixels or downsample. However, do remember that every pixel you throw away contains image information, so too much pixel dumping can degrade image quality. Always, I repeat always, keep a backup copy of you original photo. Don’t downsample the only copy. You can’t retrieve the lost pixels!

Sharpness
In a recent copy of Amateur Photography (2 February 2013) Professor Bob Newman explains the science behind achieving the best possible levels of sharpness in an image. To quote: “Sharpness is usually one of the most sought after characteristics of a good photograph ……yet it isn’t always clear what is meant by the ‘sharpest possible image’. In the end photography is a subjective art form, so what really matters is not a scientific definition of ‘sharp’, but what is appreciated by the average viewer.” This is a long and technical article and I will attempt to summarize the first half of it.

The common view among experts is that sharpness is composed of two measurable components: resolution and acutance. Resolution refers to the smallest feature that can be discerned separately from another feature. When translated to two dimensions we have a measure of how many separate dots (two-dimensional features) can be made out. What it doesn’t tell us is how those dots will look, only that they can be seen as separate.

Acutance relates to how much contrast there is in the rendering of the edges of features or how quickly they change from dark to light (or vice versa).
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If you look at the examples above, you can see how the rate of change between black and white is very different. Where it is more gradual, the edges look much less sharp. It may have the same contrast, the fully white and fully black bits are the same colour, but the rate of change of contrast is faster in the sharper-looking image. 

So, to achieve ‘hyper-sharpness’ we need to maximise resolution and acutance. However, it turns out that at the extremes of their resolution capacity, most optical systems display poor acutance. This means that we have to work well within the resolution limits of our camera and lens. 

Here are some typical resolutions of output media in pixels.

Tablets range from 600 x 800 (0.5 Mp) to 1536 x 20048 (3.1 Mp). Laptops go from 800 x 1024 (0.8 Mp) to 1800 x 2880 (5.1 Mp) and desktop computers higher than that. High-definition TVs are 1080 x 1920 (2 Mp).

For close-up viewing displays, the pixel density is approaching around 300 ppi, which has long been the standard for high-quality paper printing. On that basis, an A4 print is 2480 x 3508 (8.7 Mp). An A3 print at 300 ppi would be 17.4 Mp and an A2 print 34.8 Mp.

To allow some resolution to spare (and trade against acutance), a capture that doubles the output pixel count will give a 40% excess of resolution in each dimension. This would mean that for HD TVs and tablets 4-6 Mp, and for computers at least 10 Mp. For prints, anything from 18 Mp for A4 up to 70 Mp for A2 is necessary.

All these will yield resolution to the limits of the normal eye to resolve detail at close distance, and the excess of resolution will ensure high acutance at the displayed resolution. 

Sharpening
The final step in producing an optimally sharp image is the application of ‘sharpening’. Sharpening is necessary due to the pixellated nature of digital images. If you shoot in jpg, then sharpening is carried out by the camera. However, if you shoot in RAW sharpening is done either as a processing step in the raw converter or using post-processing tools such as Photoshop. The effect of sharpening is to increase acutance. It does not and cannot increase resolution, so the steps taken in capture to maximise resolution were necessary as no amount of sharpening will restore absent detail. Sharpening is a subject for another time. 



