
CT 1

Part A

Question 1

1. How does picture formation in the eye vary from image formation in a camera?

Correct Answer: (d) Variable focal length
Explanation:
In the human eye, the lens changes its focal length dynamically through the process of
accommodation, enabling it to focus light from objects at varying distances onto the retina. In
contrast, cameras typically have a fixed focal length, and focus is achieved by adjusting the distance
between the lens and the imaging plane (sensor or film).

Other Options:

(a) Fixed focal length: (Incorrect: The eye does not have a fixed focal length.)
(b) Varying distance between lens and imaging plane: (Incorrect: The eye achieves focus by
changing focal length, not by altering the lens-retina distance.)
(c) No difference: (Incorrect: There are significant differences between the eye and a camera in
terms of focusing mechanisms.)

2. Which of the following tool is used in tasks such as zooming, shrinking, rotating, etc.?

Correct Answer: (c) Interpolation
Explanation:
Interpolation is a mathematical technique used in image processing to estimate pixel values at new
locations when the image is resized (zooming or shrinking) or transformed (rotating). It ensures
smooth transitions and preserves image quality during such operations.

Other Options:

(a) Filters: (Incorrect: Filters are used for operations like smoothing, sharpening, or edge detection,
not geometric transformations.)
(b) Sampling: (Incorrect: Sampling involves selecting pixel data but does not inherently perform
transformations.)
(d) None of the Mentioned: (Incorrect: Interpolation is the correct tool for these tasks.)

Question 2



Discuss common image preprocessing techniques and their applications.

Solution:

Image preprocessing is a crucial step in the image processing pipeline, as it prepares raw data for
further analysis or processing. Common preprocessing techniques include:

1. Noise Reduction:

Techniques: Filtering (e.g., Gaussian filter, Median filter).
Application: Reducing random variations (noise) in images caused by environmental factors,
sensor issues, or transmission errors. Essential in medical imaging, satellite imagery, and
other high-precision fields.

2. Image Smoothing:

Techniques: Averaging, Gaussian smoothing.
Application: Helps reduce fine details and noise, making it easier to detect large-scale
patterns in the image. Commonly used in object recognition and tracking.

3. Image Sharpening:

Techniques: High-pass filters, Laplacian filters, unsharp masking.
Application: Enhances edges and fine details in an image, making it more suitable for
feature extraction or object detection. Used in surveillance, medical imaging, and robotic
vision.

4. Histogram Equalization:

Techniques: Stretching or adjusting the pixel intensity distribution.
Application: Improves the contrast of an image, especially when dealing with underexposed
or overexposed images. Frequently used in low-light conditions like astronomy or
surveillance cameras.

5. Image Resizing and Scaling:

Techniques: Nearest-neighbor, bilinear, bicubic interpolation.
Application: Changing the dimensions of the image for matching input requirements in
computer vision algorithms or creating lower-resolution versions for faster processing.
Applied in real-time applications like video streaming and image compression.

Question 3

Discuss the fundamental components of digital image processing? How do these stages contribute
to the overall image processing pipeline?



Solution:

Digital image processing is a multi-step pipeline designed to enhance, analyze, and interpret images.
The fundamental components are:

1. Image Acquisition:

Explanation: The process of capturing an image using a camera or sensor.
Contribution: This is the first step in the image processing pipeline. It captures the raw data
that will be processed. The quality of the acquired image directly impacts the effectiveness of
subsequent processing.

2. Preprocessing:

Explanation: This stage involves techniques like noise reduction, smoothing, and sharpening
to improve the quality of the image.
Contribution: It enhances the image and prepares it for further analysis, making it easier to
detect features or perform segmentation.

3. Segmentation:

Explanation: The process of dividing an image into regions or segments based on certain
characteristics like color, intensity, or texture.
Contribution: Segmentation helps in isolating important parts of the image, such as objects
or regions of interest. It is essential for object recognition, tracking, and image analysis.

4. Feature Extraction:

Explanation: Extracting meaningful features (edges, corners, shapes, etc.) from the
segmented image.
Contribution: It converts raw pixel data into useful information for higher-level analysis or
decision-making. This stage is crucial for applications like facial recognition or object
detection.

5. Post-Processing:

Explanation: After feature extraction, post-processing may include operations like
smoothing edges or refining the segmentation boundaries.
Contribution: Ensures that the results are refined and ready for interpretation or further
analysis.

6. Analysis and Interpretation:

Explanation: This stage involves analyzing the processed image for specific tasks such as
classification, recognition, or decision-making.
Contribution: Ultimately, the processed image is used to derive insights, make decisions, or
automate tasks like quality control, diagnostics, or autonomous navigation.



Question 4

Explain how digital images are represented in terms of pixel values, resolution, bit depth, and color
models? How do these characteristics affect image quality and processing?

Solution:

Digital images are represented using a matrix of pixels, each having specific attributes such as
intensity, color, and depth. Below are the key characteristics:

1. Pixel Values:

Explanation: Each pixel in an image holds a value that represents the color or intensity of the
image at that specific location.
Effect on Image Quality: The precision of the pixel value affects the overall clarity and detail
in the image. A higher number of bits per pixel allows for finer gradation of color or
intensity, leading to a more detailed image.

2. Resolution:

Explanation: Resolution refers to the dimensions of the image, typically represented by
width and height in pixels (e.g., 1920x1080).
Effect on Image Quality: Higher resolution means more pixels, resulting in finer details and
higher clarity. However, higher resolution images require more storage and processing
power. Lower resolution images may lack details and clarity, making them unsuitable for
tasks requiring high precision.

3. Bit Depth:

Explanation: Bit depth refers to the number of bits used to represent the color of each pixel.
Common values are 8-bit (256 shades) and 16-bit (65536 shades).
Effect on Image Quality: A higher bit depth allows more colors or intensities to be
represented, leading to smoother transitions and more realistic images. Lower bit depth
results in fewer color levels and potential banding or a loss of detail.

4. Color Models:

Explanation: Color models define how colors are represented in an image. Common models
include RGB (Red, Green, Blue), CMYK (Cyan, Magenta, Yellow, Black), and HSV (Hue,
Saturation, Value).
Effect on Image Quality: The choice of color model affects how colors are rendered,
especially in tasks like image editing, color correction, or printing. RGB is ideal for digital
displays, while CMYK is used for printing. The accuracy of color representation can impact
the final appearance and fidelity of the image.



These characteristics—pixel values, resolution, bit depth, and color models—are fundamental to
image quality and processing. Higher resolution, bit depth, and appropriate color models enhance
image quality but require more storage and processing power. Choosing the right settings for each
characteristic is essential for specific applications in fields like medical imaging, computer vision, and
graphics design.

Part B

Question 1

1. Which of the following is the primary objective of sharpening an image?

Correct Answer: (c) Highlight fine details in the image
Explanation:
Sharpening enhances edges and fine details in an image, improving clarity and making the
boundaries of objects more distinct. It does not directly affect the brightness of the image.

Other Options:

(a) Decrease the brightness of the image.
(Incorrect: Sharpening does not change brightness.)
(b) Increase the brightness of the image.
(Incorrect: Sharpening focuses on detail enhancement, not brightness adjustment.)
(d) Blurring the image.
(Incorrect: Blurring is the opposite of sharpening and reduces image clarity.)

2. Which of the following is the application of Histogram Equalization?

Correct Answer: (b) Contrast adjustment
Explanation:
Histogram Equalization is used to adjust the contrast of an image by redistributing intensity values,
making features more visible, especially in images with poor lighting.

Other Options:

(a) Blurring
(Incorrect: Blurring reduces detail and is unrelated to contrast enhancement.)
(c) Image enhancement
(Partially correct: While Histogram Equalization can enhance images, its primary purpose is
contrast adjustment.)
(d) None of the Mentioned
(Incorrect: Histogram Equalization is directly related to contrast adjustment.)



Question 2

Compare spatial domain and frequency domain image enhancement techniques.

Solution:

Image enhancement techniques are used to improve the visual appearance of an image or to
highlight certain features. These techniques can be broadly categorized into two domains: spatial
domain and frequency domain.

Spatial Domain:

In spatial domain techniques, the image is directly modified based on pixel values.
Enhancement operations such as contrast adjustment, smoothing, and sharpening are
performed by manipulating the pixels using mathematical operations on the image itself.
Example: Histogram Equalization, Image Smoothing, Image Sharpening.
Advantages:

Simple and intuitive.
Direct manipulation of pixel values makes it easy to understand and implement.

Disadvantages:
May not be suitable for images with high-frequency noise or complex patterns.
Limited in handling complex enhancements like deblurring or texture enhancement.

Frequency Domain:

In frequency domain techniques, the image is transformed from the spatial domain to the
frequency domain using transforms like the Fourier Transform. Operations are then applied
in the frequency domain (such as filtering) and the image is transformed back to the spatial
domain.
Example: Low-pass filtering, High-pass filtering, Band-pass filtering.
Advantages:

Effective in removing noise, improving image sharpness, and enhancing details in
complex images.
More flexible in handling complex features and patterns.

Disadvantages:
More computationally expensive.
Requires additional transformations and processing steps.

Question 3

What is noise in image? Explain noise model in image processing, mention different types of noise.

Solution:



Noise in Image:

Noise refers to unwanted random variations in the pixel values of an image, which can
distort the quality and clarity of the image. It may occur due to various reasons such as
sensor errors, transmission errors, or environmental factors.
Noise can affect the image in a variety of ways, making it appear grainy or blurry and
degrading the visual information present.

Noise Models in Image Processing:

Additive Noise Model: This model assumes that noise is added to the image signal. The
noisy image is the result of the original image plus some noise.
Multiplicative Noise Model: In this model, noise multiplies the original image, which is
common in situations like speckle noise.

Types of Noise:

i. Gaussian Noise:

A type of statistical noise where pixel values are affected by Gaussian distribution.
Characteristics: Typically results from random fluctuations in the image sensor.
Solution: Gaussian blur and other filters can be applied to reduce its effect.

ii. Salt-and-Pepper Noise:

Random occurrences of black and white pixels in the image.
Characteristics: Often caused by faulty sensors or transmission errors.
Solution: Median filtering is commonly used to remove salt-and-pepper noise.

iii. Poisson Noise:

Occurs due to random fluctuations in photon count, commonly seen in low-light
conditions.
Characteristics: Poisson noise is more prevalent in areas with low intensity values.
Solution: Poisson noise can be handled by various statistical methods or specialized
filters.

iv. Speckle Noise:

This type of noise is a multiplicative noise pattern where the pixel values are affected by
random variations in the image.
Characteristics: It often appears as grainy or pepper-like speckles across the image.
Solution: Speckle noise is typically reduced using filtering techniques such as median or
Wiener filtering.



Question 4

Explain the concept of histogram equalization. Discuss its advantages and limitations when applied
to images with varying intensity distributions.

Solution:

Histogram Equalization:

Histogram equalization is an image enhancement technique that aims to improve the
contrast of an image by adjusting its intensity distribution. The goal is to spread out the
intensity levels of the image across the available dynamic range, making the image appear
clearer and more detailed.
Process:

First, the cumulative distribution function (CDF) of the image’s histogram is computed.
Then, each pixel’s intensity value is mapped to a new value based on this CDF, resulting
in a histogram that is as flat (uniform) as possible.

Advantages of Histogram Equalization:

i. Improved Contrast:
It enhances the contrast of images by distributing the pixel intensities more evenly across
the intensity range.

ii. Better Visibility:
Details in both dark and bright areas become more visible.

iii. Universal Applicability:
Can be applied to any grayscale image to improve its overall appearance.

Limitations of Histogram Equalization:

i. Ineffective for Non-Uniformly Distributed Intensity Histograms:
When the image has a highly skewed intensity distribution (e.g., a majority of pixels are in
the lower intensity range), histogram equalization can produce undesirable results, like over-
enhancing certain areas and creating unnatural artifacts.

ii. Loss of Information:
In some cases, histogram equalization can lead to a loss of fine details, particularly when the
enhancement forces the intensities to spread across the entire range, thus reducing the
overall image quality.

iii. Not Suitable for Color Images:
When applied to color images, histogram equalization may distort the color balance, leading
to unnatural color shifts unless applied carefully.

Conclusion:



Histogram equalization is a powerful method for improving contrast in images with poor
lighting or low visibility. However, its performance can be suboptimal in cases where the
intensity distribution is highly non-uniform, or when applied to color images without
considering color channel interactions. It is best used in grayscale images where the goal is
to improve overall visibility and contrast.


