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Fundamentals of Digital Imaging’

Digitizing Images. Problem- to convert “continuous” information to “discrete”
information- what we see with an infinite range of tones and colors to something that
can be described on a computer in binary format.

Sampling. The first step of the digitization process. Recording (or sampling) a natural
image at discrete evenly spaced points. Each of these discrete sample points is called a
picture element, or pixel, when we are talking about sampling in digital imaging. Each
pixel stores the color information of the corresponding position on the image, defined by
its horizontal and vertical coordinates.

The sampling rate refers to the frequency that a sample is taken- in the context of
images, "frequency" means how close neighboring samples are in a 2-D image plane.
Increasing the sampling rate is equivalent to increasing the image resolution. With
higher resolution, you have more samples (pixels) to represent the same scene. The
pixel dimensions of the captured image are increased because you have more
samples, and the file size of the digitized image is also increased.

A pixel is a sample at a single point; it is a point sample that does not really have a
physical dimension associated with it — in other words, it is not a little square.

Quantizing. In the case of digital imaging- the process of encoding an infinite number of
colors and shades with a finite number of color codes.

Quantizing the sampled image involves assigning the color of each pixel to a discrete
and precise value. Before you do that, you need to consider how many possible colors
you want to use in the image, as well as the exact colors.

The number of colors used for quantization is related to the color depth or bit depth of
the digital image. A bit depth of n allows 2n different colors. Therefore, a 2-bit digital
image allows 22 (i.e. 4) colors in the image.

Increasing the bit depth does not necessarily increase the image fidelity, unless the
colors chosen are mapped to the original image’s colors.

24-bit, 32-bit and 48-bit Color Depth
* 24 bit: 8 bits per each channel of RGB color
* 32 bit: same as 24 bit with 8 bits for an alpha (transparency) channel
* 48 bit: 16 bits per each RGB channel

Bit-mapped images are described by the pixel values in x y locations in an image file.
Their display or output depends on the resolution of the monitor or printer.

Vector graphics are described by a mathematical equation. The coordinate system for
the equations is arbitrary, its scale can be set to any level. This means that vector
graphics is resolution independent—it can be scaled to any size and printed on any
output device at any resolution, without losing detail or clarity in the picture.



Rasterizing Vector Graphics

Most vector graphics programs let you rasterize, or convert your file to a bit-mapped
format. You need to specify a resolution for rasterizing, that is, how coarse or how fine
the sampling. Sometimes you get a jagged effect on the image, this is known as
aliasing, and it is a result of under sampling. You can soften this effect by coloring the
pixels between two colors with transitional colors- grey for example if your two colors
are black and white. This technique is known as anti-aliasing.

File Types
Bitmapped: jpeg, gif, png, bmp, pict, tiff, psd

Vector: eps, ai, fh9 etc., fla, swf, wmf, emf

To reduce the file size of a digital image:
* reduce the pixel dimension: capture at a lower dimension or reduce it with
software
* lower the bit depth: capture at a lower bit depth or reduce with software
* compress the file: apply a lossy(lose some information, usually something that
can’t be perceived by the human eye) or lossless (no information is lost)
compression algorithm

It is always important to consider how you are going to use the file (screen or
print) and the nature of the file itself when considering the appropriate pixel
dimensions for your file and bit depth!!

It is best to work in an uncompressed format when working on a digital image (for
example psd). If you must apply compression, try and use a lossless method,
such as storing your file as a tif with lossless compression.

Run-length encoding (RLE) is an example of a simple lossless compression
algorithm. In this method, a sequence of the same repeated value is replaced by one
instance of the value followed by the number of times it is repeated. This method of
compression is used in bmp files.

Color Representation

Light is composed of electromagnetic radiation. The wavelengths of visible light range
from about 380 to 700 nm (nanometers which is billionths of a meter)—creating a
continuous spectrum of rainbow color, from the violet end (380 nm) to the red end (700
nm). A particular wavelength in this spectrum corresponds to a particular color.

Obviously this is analog information.
The Human Eye's Response to Color
Receptors in the human eye:
* Rods: active in dim light, no color sensitivity
* Cones: active in bright light, color sensitivity, 3 types correspond roughly to the
yellow orange, green and blue regions. It is commonly said that they roughly
correspond to R, G, and B.



How do we represent colors?

The number of colors that can be used in a digital image is a matter of the bit depth.
The way that colors are represented is a matter of the color model. The most common
color models are RGB, CMYK, HSB, CIE, and their variants.

Color Gamut

Color gamut refers to the effective range of colors of a specific system. For example,
the combination of the R, G, and B light sources cannot duplicate the full gamut of
human vision. CMYK, the subtractive system that is generally associated with print, has
a narrower gamut (can reproduce accurately less colors) than RGB.

RGB Color Model

For computer monitors, colors are represented by points of light. Computers are
therefore based on an additive color system, the more color (light) you add, the higher
the intensity. In the RGB color system, the three primary colors are red, green, and
blue, and the combination of the three at their maximum intensity yields white.

Computer monitors can be designed so that each pixel’s color results from combined
beams of red, green, and blue light. This model is appropriate to the physiology of the
human eye, which has receptors for the three components and combines them into one
color.

In the RGB color mode, each of the three components is represented by a sequence of
bits of a fixed size. The standard 24-bit for RGB is 8 bits (i.e., 1 byte) per component,
thereby requiring 8 * 3 = 24 bits for each pixel in the bit-mapped image file. This bit
depth of 24 bits per sample yields 2% colors. That's 16,777,216 colors.

The color space for the RGB color model can be depicted graphically as a cube defined
by 3 axes in 3-dimensional space. The x-axis represent the red values, the y-axis the
green values, and the z-axis the blue values. The origin (0,0,0) of the RGB color cube
corresponds to black. The corners of the cube correspond to red, green, blue, and their
complementary colors—cyan, magenta, and yellow—respectively.
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The corresponding RGB color mode in digital image editing programs usually has
values ranging between 0 and 255 for each of the three components, since each
component is captured in 8 bits.

Indexed Color

An additional color mode available in digital image processing programs is indexed
color. It is a technique for limiting the number of representable colors to no more than
256 (8-bit) based on those actually used in the image. The colors used in the image are
stored as a palette called a color lookup table (CLUT). Each color in the table is
assigned a number.



CMYK Color Model

CMYK stands for cyan, magenta, yellow, and black. The first three components are the
colors that are complementary to red, green, and blue, respectively. CMYK is generally
used for images that are to be printed.

The printing process is essentially a subtractive process, and CMYK is a subtractive
color model. When one ink is added on top of another, it can effectively cause a certain
color not to be reflected, so in that sense the color is being subtracted out. Compare this
to RGB, where the colors (light) are added.

HSB Color Model

The HSB Color Model specifies a color by its hue, saturation, and brightness. Hue is
the basic color. It is expressed as a degree between 0° and 360° to indicate its location
on a color wheel, in the order of the colors in a rainbow. Saturation is the intensity of the
color—essentially how far away from the neutral gray of the same brightness. As a
color's saturation value decreases, it becomes less vivid and duller until eventually it
becomes neutral gray of the corresponding brightness. Brightness defines the lightness
or darkness of the color.

The HSB model looks like an inverted pyramid. Arranged on a color wheel is a spectrum
of color from red, orange, yellow, green, cyan, blue, to purple, and back to red. The
color or the hue (H) is expressed as a degree between 0° (starting from red) and 360°
(back to red again). The saturation (S) is expressed in % distance from the center of the
color wheel. The color at the center of the color wheel is a neutral gray of the
corresponding brightness.
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CIE XYZ Color Model

This model captures all visible colors. In 1931, the Commission Internationale
d'Eclairage (CIE) worked out this color system. It uses "virtual primaries" which lie at
wavelengths not visible to humans, but when combined they produce all the colors that
humans can see. With these colors as the base, it is possible to graphically depict a
space in which all visible colors exist, and to compare the gamuts of the commonly-
used color models within this space.

Other Color Models
YUV, YIQ, L*a*b*. These color models divide color into one luminance (brightness)
component and two chrominance components.

L*a*b* has the advantage of allowing you to create device-independent colors. You can
use it with PhotoShop and other digital imaging software.



A color management system (CMS) is a software solution intended to reproduce
colors across different devices—digital cameras, scanners, computer monitors, and
printers—in a predictable and reproducible way by reading and translating colors
between color gamuts of these different devices. Color management involves calibration
and creating color profiles for the device.
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