Digital Imaging

What is a digital image?

Digital cameras and other light detectors, convert light intensities to electrical currents, which are then converted by
a computer to numbers. Digital images are square or rectangular arrays of pixels (pix-el = “picture elements”), with
each pixel containing a number that expresses the light intensity at that location in the image. Pixels in monochrome
(“black and white” or “grayscale”) images only have one number each (e.g. see figure, below), while pixels in color
images have three, representing the levels of red, green, and blue light. When you open a digital image, the computer
takes these numbers and translates them into the intensities/colors you see on the computer screen (see figure).
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What does a pixel’s value really mean?

The numbers that comprise digital images are integers and are in “relative” units, meaning that the intensities are not
measured on an absolute scale (e.g. lumen, candela, lux). The practical implication of this is that you cannot directly
compare intensities or colors between different images. For example, if you see two images of cells with identical
intensities, you cannot be certain that the two cells actually had the same intensity in real life. The same is true for
color images: you cannot be certain that the same shades of a color in two different images are actually identical in
the original specimens. This is somewhat analogous to saying, if you got an A in organic chemistry andan Aiina 1-
credit elective sports class, it does not necessarily mean you worked equally as hard in both classes to obtain those
grades. Comparing intensities or colors between images requires controls and very precise acquisition procedures.

Pixel values are constrained by lower and upper limits. The lowest possible value is 0, which is — 255
commonly represented as black. The highest possible value depends on the bit-depth of the image
format. 8-bit images have 28 = 256 “gray levels” and their intensity values range from 0 to 255 (one
less than 256 because 0 is counted as a value). Color images are 24-bit: 8-bit each for red, green, and

8-bit monochrome

blue intensities (e.g. a pixel with the values 255,0,0 displays as red). Nearly all images you see in real 128
life are 24-bit color images. Scientific cameras can acquire 12-bit (4,096 values) and 16-bit (65,536
values) monochrome images. Higher bit-depth images do not enable you to image higher intensities;
rather, they give you greater precision. It is analogous to measuring your height in centimeters versus
0



meters: | am 170 cm tall, but if we were measuring in meters only (you can only be 0, 1, 2, 3 etc. meters) | would be 2
m tall, which is clearly not as precise.

Practical Implications for Digital Imaging
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(e.g. 255 for an 8-bit image), regardless of

whether that number accurately describes
the intensity. This phenomenon is called saturation (also called clipping or over-exposure) and it causes bright regions
of images to lose their detail and appear “whited-out” (see image series, above). Saturation is analogous to trying to
measure the height of a group of adults using a meter-stick. Because the meter-stick isn’t tall enough to reach the
adults’ full height, every adult will be measured as one meter tall. The solution is to change your illumination or
acquisition settings to decrease the overall intensity of the specimen so that it fits within the range of the camera.

To have the best possible contrast and lowest amount of noise in your images, you want maximize your use of your
camera’s bit-depth without saturating. During your training, you will learn how to adjust your illumination and
acquisition parameters to utilize the full range of intensity values available.
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