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Introduction 

“One picture is worth more than ten thousand words”



Introduction

Image processing is the technique of performing operations on digital

images to enhance their quality, extract useful information, or prepare

them for further analysis.

It involves algorithms and methods that manipulate pixel values to

achieve tasks such as improvement, restoration, compression,

segmentation, or feature extraction.
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Digital Image ?

An image may be defined as a two-dimensional function f(x, y),

where x, y: the spatial coordinate, f-the amplitude of any pair of

coordinate x, y is called the intensity or gray level of the image at

that point.

Digital Image: x, y and f are all finite (discrete quantities).



Digital Image ?

Digital image is composed of a finite number of elements, each of

which has a particular location and value. These elements are called

picture elements (PEL), image elements and pixels.



Image Representation 

Discrete representation of images

• Each pixel p will store an intensity value in [0 1]

• 0 → black; 1 → white; in-between → gray

• Image size M × N → (mn) pixels



Color Image 



Key Stages in Digital Image Processing



Key Stages in Digital Image Processing

Image Acquisition
o The process of capturing a real-world image and converting it into a digital

form suitable for computer processing.

Image Enhancement
o Techniques used to improve the visual appearance of an image or to highlight

certain features for better interpretation. Examples include contrast adjustment,

histogram equalization, noise reduction, and sharpening.



Key Stages in Digital Image Processing

Image Restoration
o The process of reconstructing or recovering an image that has been degraded

by known causes such as noise, blur, or motion.

Morphological Processing
o A set of image processing techniques that deal with the shape and structure of

objects in an image.



Key Stages in Digital Image Processing

Image Segmentation
o The process of partitioning an image into meaningful regions or objects to

simplify its analysis. Segmentation separates foreground from background or

divides an image into regions based on properties like color, or intensity.

Object Recognition
o The task of identifying and classifying objects within an image. It involves

labeling objects (car, face, tree) based on their shape, color, texture, or learned

features, often using machine learning or deep learning models.



Key Stages in Digital Image Processing

Image Representation and Description
o The step of converting processed image data into a form suitable for analysis.

Image Compression
o Reducing the amount of data required to represent an image while preserving

acceptable quality.
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Key Stages in Digital Image Processing



Image Sampling And Quantization

The output of most sensors is a continuous waveform so to create a

digital image we need to do two processes:

 Image sampling: is to digitizing the image coordinates.

 Image quantization: is to digitizing the image amplitude (intensity

level).



Dynamic Range

It can be defined as the ratio between maximum measurable intensity

level and minimum detectable intensity level in an image.

Image contrast: is the difference in intensity between the highest and

lowest intensity level in image.



Intensity Resolution

 The more intensity levels used, the finer the level of detail in an

image

 Intensity level resolution is usually given in terms of the number

of bits used to store each intensity level



Intensity Resolution

Number of Bits Number of Intensity Levels Examples

1 2 0, 1

2 4 00, 01, 10, 11

4 16 0000, 0101, 1111

8 256 00110011, 01010101

16 65536 1010101010101010



Intensity Resolution



Basic Relationships between Pixels

Neighbors of pixel

A pixel ‘p’ at coordinates (x, y) has Four horizontal and vertical

neighbors called 4- neighbors N4(p): (x+1, y), (x-1, y), (x, y+1), (x, y-

1)

Four diagonal neighbors of ‘p’ called ND(p): (x+1, y+1), (x+1, y-1),

(x-1, y+1), (x-1, y-1) N4(p) and Nd(p) together are constructing

N8(p).
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Distance measures



Image Interpolation

o Image Interpolation is the process of using known data to estimate

values at unknown location.

o Image interpolation is used for zooming, rotating, geometric

corrections.

o Zooming is image resizing task and come under image re-

sampling methods.



Image Interpolation

Zooming requires 2 steps:

o The creation of new pixel locations.

o The assignment of gray levels to these new locations.

Two techniques for zooming:

1. Nearest neighbor interpolation

2. Bilinear interpolation



Nearest neighbor interpolation



Nearest neighbor interpolation

Example: Suppose A 2x2 pixels Image will be enlarged 2 times by

the nearest neighbor method:



Bilinear interpolation

o Here we use the 4 nearest neighbors to estimate the intensity at a

given location.

o Let (x,y) denote the coordinates of the location to which we want

to assign an intensity value and let v(x,y) denote that value, then:

𝑣 (𝑥, 𝑦)  =  𝑎𝑥 +  𝑏𝑦 +  𝑐𝑥𝑦 +  𝑑

o Here the 4 coefficients are determined from the 4 equations in 4

unknowns using the 4 nearest neighbors of point (x,y).



Bilinear interpolation



Bicubic interpolation



Reading Image The io module is typically used for image input and 

output, such as reading and saving images.



Reading Image

This line creates a 500x500 array of random values 

between 0.0 and 1.0 using NumPy.
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Reading Image

img_as_float: Converts an image to floating-

point format with pixel values scaled between 

0.0 and 1.0.

img_as_ubyte: Converts an image to 

unsigned 8-bit integer format (uint8), with 

pixel values between 0 and 255.



Reading Image

This is often useful for image processing tasks, like filtering or brightness 

adjustment, because floating-point math is more flexible.
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Reading Image

my_image [:50, :, :] = [255, 0, 0]

This modifies the top 50 rows of the image. It sets all 

pixel values in those rows to [255, 0, 0], which is pure 

red. So, the top strip of the image becomes red.

This modifies the bottom 50 rows of the image.

my_image.shape [0] - 50: targets the last 50 rows.

For example: my_image.shape [0] = 1000

Start from row 950 to the end 

(height, width, channels)

height – number of rows, width – number of 

columns, channels – number of color channels

my_image [:50, :, :] 

:50  select the first 50 rows

:  select all columns

:  select all color channels
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Reading Image

my_image[:, :50, :] = [0, 0, 255]

This modifies the left 50 columns of the image.

[0, 0, 255] → sets the pixel values to blue

my_image [:, my_image.shape [1]-50:, :] = [0, 0, 255]

Modifies the right 50 columns of the image.
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