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Point operators

The simplest kinds of image processing transforms are point operators, where each 
output pixel’s value depends on only the corresponding input pixel value (plus, 
potentially, some globally collected information or parameters). 
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Examples of such operators include brightness and contrast adjustments (Figure 3.2) as well 
as color correction and transformations. In the image processing literature, such operations 
are also known as point processes

We begin this section with a quick review of simple point operators, such as brightness
scaling and image addition. Next, we discuss how colors in images can be manipulated.

We then present image compositing and matting operations, which play an important role
in computational photography and computer graphics applications. Finally, we
describe the more global process of histogram equalization. We close with an example 
application that manipulates tonal values (exposure and contrast) to improve image 
appearance
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Pixel transforms

A general image processing operator is a function that takes one or more input images and
produces an output image. In the continuous domain, this can be denoted as

where x is in the D-dimensional (usually D = 2 for images) domain of the input and output
functions f and g, which operate over some range, which can either be scalar or vector-
valued, e.g., for color images or 2D motion. For discrete (sampled) images, the domain
consists of a finite number of pixel locations, x = (i, j), and we can write

g(i, j) = h(f (i, j))
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Color transforms

While color images can be treated as arbitrary vector-valued functions or collections of inde-
pendent bands, it usually makes sense to think about them as highly correlated signals with strong 
connections to the image formation process, sensor design, and human perception. 

Consider, for example, brightening a picture by adding a constant value to all three channels. Can 
you tell if this achieves the desired effect of making the image look brighter? Can you see any 
undesirable side-effects or artifacts?

In fact, adding the same value to each color channel not only increases the apparent in-
tensity of each pixel, it can also affect the pixel’s hue and saturation. How can we define and
manipulate such quantities in order to achieve the desired perceptual effects?

Similarly, color balancing (e.g., to compensate for incandescent lighting) can be per-
formed either by multiplying each channel with a different scale factor or by the more com-
plex process of mapping to XYZ color space, changing the nominal white point, and mapping
back to RGB, which can be written down using a linear 3 × 3 color twist transform matrix.
Exercises 2.8 and 3.1 have you explore some of these issues.
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Compositing and matting

In many photo editing and visual effects applications, it is often desirable to cut a foreground
object out of one scene and put it on top of a different background (Figure 3.4). The process
of extracting the object from the original image is often called matting (Smith and Blinn while the 
process of inserting it into another image (without visible artifacts) is called compositing 
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Histogram equalization
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Linear filtering

Locally adaptive histogram equalization is an example of a neighborhood operator or local
operator, which uses a collection of pixel values in the vicinity of a given pixel to determine
its final output value (Figure 3.10). In addition to performing local tone adjustment, neigh-
borhood operators can be used to filter images to add soft blur, sharpen details, accentuate
edges, or remove noise (Figure 3.11b–d). In this section, we look at linear filtering operators,
which involve fixed weighted combinations of pixels in small neighborhoods.
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• zero: set all pixels outside the source image to 0 (a good choice for alpha-matted cutout
images);

• constant (border color): set all pixels outside the source image to a specified border
value;

• clamp (replicate or clamp to edge): repeat edge pixels indefinitely;

• (cyclic) wrap (repeat or tile): loop “around” the image in a “toroidal” configuration;

• mirror: reflect pixels across the image edge;

• extend: extend the signal by subtracting the mirrored version of the signal from the
edge pixel value



24-11-2023
Point operator : Linear filtering / 19EC513/ IMAGE PROCESSING AND COMPUTER VISION 

/Mr.S.HARIBABU/ECE/SNSCE
16



24-11-2023
Point operator : Linear filtering / 19EC513/ IMAGE PROCESSING AND COMPUTER VISION 

/Mr.S.HARIBABU/ECE/SNSCE
17

THANK YOU !!!
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