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Point processing techniques are widely used for image
enhancement, with applications in fields such as medical
imaging, remote sensing, and computer vision. This review paper
provides an overview of some commonly used point processing
techniques for image enhancement, including brightness
adjustment, contrast enhancement, color balance, gamma
correction, and thresholding. The paper summarizes the
underlying principles of each technique, their advantages and
limitations, and their applications in various domains. Recent
developments in point processing techniques and their potential
future directions are also discussed.

I. INTRODUCTION

Image enhancement is a fundamental task in image
processing, which aims to improve the visual quality and
interpretability of an image. One of the most commonly used
techniques for image enhancement is point processing, which
involves applying a simple transformation to each pixel in an
image independently of its neighbors. According to Gonzalez
and Woods, point processing techniques "are easy to
implement and computationally efficient, and can be used to
adjust the brightness, contrast, color balance, and other
image properties" [1].

Point processing techniques are essential in image
processing, as they are used to manipulate individual pixels
in an image to enhance its visual appearance. These
techniques are widely used in image editing software and are
an integral part of many computers vision and image analysis
algorithms. Point processing techniques can be used to adjust
the brightness, contrast, and color of an image, as well as to
segment and recognize objects in the image.

In this paper, we provide an overview of point processing
techniques and their applications in image processing.

II. DETAILED EXPLANATIONS

A. Basic Spatial Domain Image Enhancement

Point Most spatial domain enhancement operations can
be reduced to the form g (x, y) = T [ f (x, y)] where f (x, y) is
the input image, g (x, y) is the processed image and 7T is
some operator defined over some neighborhood of (x, y).
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Fig. 1. Basic Spatial Domain Image Enchancement
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B. Point Processing

Point processing is a type of image processing technique
that involves manipulating individual pixels in an image.
This technique operates on each pixel independently, without
considering the values of the surrounding pixels. The
purpose of point processing is to enhance the visual quality
of an image or extract some features of interest by modifying
the pixel values.

The simplest spatial domain operations occur when the
neighbourhood is simply the pixel itself. In this case T is
referred to as a grey level transformation function or a point
processing operation. Point processing operations take the
form

s=T()

where s refers to the processed image pixel value and »
refers to the original image pixel value.

C. Point Processing Techniques
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Fig. 2. Different Types of PPT

These are the common Point processing techniques
which are used in Image Processing. But before that we need
a brief idea about brightness, contrast adjustment, color
balance.

1. Brightness Adjustment

Brightness adjustment is a basic point processing
technique that involves increasing or decreasing the overall
brightness of an image. This technique is useful for
correcting overexposed or underexposed images, or for
adjusting the brightness to match the viewing conditions.
According to Pratt, the most straightforward way to adjust
brightness is to add or subtract a constant value from each
pixel in the image.[2] However, this method may cause the
image to lose details or become too dark or bright. A more
advanced method is to use a histogram-based approach,
where the brightness distribution of the image is analyzed



and adjusted to achieve a desired brightness level. According
to Gonzalez and Woods, brightness adjustment can also be
achieved by multiplying the pixel values with a scaling
factor.[1]

II. Contrast Enhancement

Contrast enhancement is another common point
processing technique used to increase the difference between
the lightest and darkest regions of an image. This technique
is useful for improving the visibility of fine details, or for
highlighting specific features of interest. According to Jain,
one popular method for contrast enhancement is histogram
equalization, which stretches the intensity range of the image
to make the most of the available levels.[3] Another method
is to use a contrast stretching function, which maps the
original intensity range to a new range with higher contrast.

1II. Color Balance

Color balance is a point processing technique used to
adjust the overall color cast of an image. This technique is
useful for correcting color casts introduced by different
lighting conditions, or for achieving a desired color effect.
According to Gonzalez and Woods (2018), the most
common method for color balance is to adjust the intensity of
the red, green, and blue channels of the image
independently.[1] This can be done by multiplying each
channel with a constant value, or by using a histogram-based
approach to adjust the color balance.

1V. Gamma Correction

Gamma correction is a point processing technique used to
adjust the brightness levels of an image. This technique is
useful for compensating for differences in the way that
displays and cameras handle brightness, or for achieving a
desired brightness effect. According to Sonka, Hlavac, and
Boyle, gamma correction involves applying a power function
to the intensity of each pixel, where the exponent of the
function is called the gamma value.[4] A gamma value of
less than 1 will darken the image, while a gamma value
greater than 1 will brighten the image.
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Fig. 3. Gamma Correction of a image of The Moon

V. Negative Image

Negative images are created by inverting the brightness
or intensity values of each pixel in an image. This technique
can be used to create an artistic effect or to enhance contrast
in images.
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Fig. 4. Original vs Negative Image

VI Thresholding

Thresholding is a point processing technique used to
create binary images by separating pixels into two groups
based on a threshold value.
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Fig. 5. Thresholding a image of The Moon

This technique is useful for extracting objects from a
background, or for segmenting an image into regions of
interest. According to Szeliski (2010), thresholding involves
comparing each pixel in the image to a threshold value, and
assigning it to one of two classes based on whether it is
above or below the threshold. The threshold value can be
chosen manually, or automatically using various algorithms
such as Otsu's method or adaptive thresholding.[5]
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VII. Intensity Transformations

Intensity  transformations are image processing
techniques that improve the visual quality of images by
manipulating the intensity values of pixels. These techniques
include contrast stretching, histogram equalisation, and
adaptive histogram equalisation. Contrast stretching
enhances the contrast of an image by scaling its intensity
values to the full range of grayscale values. Histogram
equalisation redistributes pixel intensities to spread them
more evenly over the entire grayscale range. Adaptive
histogram equalisation applies histogram equalisation to
small regions of an image to improve the contrast of low and
high contrast regions. These techniques are widely used in
image processing and computer vision applications to
enhance the contrast, brightness, and sharpness of images.

The intensity of a pixel in an image is represented by its
grayscale value, which ranges from 0 (black) to 255 (white)
in an 8-bit image. Intensity transformations modify these
grayscale values to improve the visual quality of an image.
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Fig. 6. Thresholding (right) & Contrast Stretching (left)

Contrast stretching is a technique that enhances the
contrast of an image by increasing the difference between the
intensity values of the darkest and brightest pixels. This
technique involves scaling the intensity values of an image to
the full range of grayscale values (0 to 255).

VIII. Logarithmic Transformation

Logarithmic transformation and power law transforms
are point processing techniques used to adjust the contrast of
an image. Logarithmic transformation is used to enhance the
details in the dark areas of an image, while power law
transforms are used to adjust the contrast in a more flexible
way. The general form of the log transformation is

s=c*log(l+r)

The log transformation maps a narrow range of low input
grey level values into a wider range of output values. The
transformation

inverse log performs the opposite
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Fig. 7. Power Law Transformation
Power law transformations have the following form

s=c*ry

Map a narrow range of dark input values into a wider
range of output values or vice versa .Varying y gives a whole
family of curves.
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Fig. 8. Power Law Transformation Example

IX. Piecewise-linear Transformation

Piecewise-linear transformation is a type of intensity
transformation used in image processing to adjust the
contrast of an image. This technique involves dividing the
intensity range of an image into several segments and then
applying a linear transformation to each segment.
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Fig. 9. Piecewise-linear transformation

X Bit-Plane Slicing

Bit plane slicing is a technique used to analyze the bit
planes of the binary representation of an image. This
technique can be used for compression, noise reduction, and
image enhancement.
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Fig. 10. Bit-plane slicing on a 1003 bill

III. APPLICATIONS

Before Point processing techniques have many
applications in image processing, computer vision, and
image analysis. These techniques are used to enhance the
visual appearance of images, segment images into regions,
and identify objects in images. Point processing techniques
are also used in computer vision applications to analyse
images and extract information. According to Forsyth and
Ponce, point processing techniques are used in feature
extraction, which is an important step in many computers
vision tasks such as object recognition and image
matching.[6]

IV. ADVANTAGES AND LIMITATIONS

Point processing techniques are simple to implement and
computationally efficient. They are widely used in image
editing software and are an essential part of many computers
vision and image analysis algorithms. However, point
processing techniques are limited in their ability to handle
complex image processing tasks such as noise reduction,
image restoration, and image compression



V. FUTURE DIRECTIONS

In recent years, there have been many advancements in
point processing techniques for image enhancement. For
example, deep learning-based approaches have shown
promising results for automatically learning complex
mappings between input and output images [09]. In addition,
there has been increasing interest in using point processing
techniques for enhancing images in real-time applications,
such as video streaming and virtual reality (He et al., 2020).
Furthermore, there is a growing need to develop point
processing techniques that are robust to noise, artifacts, and
other forms of image degradation [10].

VI. CONCLUSION

In conclusion, point processing techniques are a powerful
tool for image enhancement, with applications in many
fields. The techniques covered in this review paper,
including brightness adjustment, contrast enhancement, color
balance, gamma correction, and thresholding, are some of the
most commonly used and effective techniques. While these
techniques are relatively simple and easy to implement, there
is still much research to be done to improve their
effectiveness and robustness in real-world applications.
Future research directions could focus on developing more
advanced point processing techniques based on deep
learning, as well as exploring new applications of point
processing in emerging fields such as augmented reality and
autonomous vehicles.

[10]
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