CT 2

Part A

Question 1

1. Which of the following statements is true about thresholding in image segmentation?

Correct Answer: (b) Thresholding divides an image into regions based on intensity values.
Explanation:

Thresholding segments an image by comparing pixel intensity values with a defined threshold. It
separates pixels into classes such as foreground and background based on intensity.

Other Options:

e (a) Thresholding is a method to extract edges in an image.
(Incorrect: Edge extraction focuses on gradients, not direct intensity thresholds.)

¢ (c) Thresholding uses frequency domain analysis for segmentation.
(Incorrect: Thresholding operates in the spatial domain.)

e (d) Thresholding is a feature extraction technique.
(Incorrect: It is a segmentation technique, not a feature extraction method.)

2. Which edge detection algorithm uses a Gaussian filter to reduce noise before detecting edges?

Correct Answer: (c) Canny

Explanation:

Canny applies a Gaussian filter for noise reduction, then detects edges using gradients and non-
maximum suppression.

Other Options:

e (a) Sobel
(Incorrect: Sobel computes gradients without noise reduction.)
e (b) Prewitt
(Incorrect: Prewitt also focuses on gradients without noise reduction.)
¢ (d) Laplacian
(Incorrect: Laplacian is a second-derivative-based method that does not involve Gaussian filtering.)

3. Which of the following is NOT a feature extraction technique?



Correct Answer: (c) Fourier transform
Explanation:
Fourier transform analyzes frequency components but is not directly used for feature extraction.

Other Options:

e (a) Corner detection
(Correct: A feature extraction technique used to detect corners in an image.)

e (b) Texture analysis
(Correct: A feature extraction method analyzing patterns in pixel intensity.)

e (d) Edge detection
(Correct: A technique to identify boundaries and features in images.)

4. An image histogram shows pixel intensities ranging from 0 to 255. If a threshold value of 128 is
applied, how will the image be divided?

Correct Answer: (b) Pixels with values <128 as black, >128 as white.
Explanation:

This is a binary thresholding operation where intensities below or equal to the threshold are mapped
to black, and intensities above the threshold are mapped to white.

Other Options:

e (a) Pixels with values >128 as black, <128 as white.
(Incorrect: This reverses the thresholding logic.)

e (c) Pixels with values >128 as edges, <128 as smooth.
(Incorrect: This describes edge detection, not thresholding.)

e (d) Pixels with values >128 as regions, <128 as edges.
(Incorrect: Thresholding does not classify into "regions" or "edges.")

Question 2
Write a step-by-step algorithm for the region-based segmentation technique and explain its

application in medical imaging?

Region-Based Segmentation: Algorithm and Applications

Step-by-Step Algorithm for Region-Based Segmentation

1. Initialization:

o Select a seed point(s) that represents the region(s) of interest in the image. This could be a
manually chosen pixel or an automated selection based on specific criteria (e.g., intensity
value).



2. Define Similarity Criteria:

o Establish a rule to decide if neighboring pixels belong to the same region as the seed point.
Common criteria include intensity, color, or texture similarity, and thresholds can be
predefined or adaptively calculated.

3. Region Growing:

o lIteratively add neighboring pixels to the region if they satisfy the similarity criteria.

o Check connectivity (e.g., 4-connectivity or 8-connectivity) to include adjacent pixels.
4. Region Merging:

o Combine adjacent regions if their properties (e.g., average intensity or texture) are similar.
This step reduces over-segmentation.

5. Stop Criterion:

o Stop when all pixels in the image are classified into regions or when no additional pixels
satisfy the similarity criteria.

6. Output Regions:

o Label each segmented region for further analysis or visualization.

Applications of Region-Based Segmentation in Medical Imaging

1. Tumor Detection:

o Helps in identifying and delineating tumors by segmenting regions of abnormal intensity in
MRI or CT scans.

o Example: Segmentation of brain tumors in MRI scans.
2. Organ and Tissue Segmentation:

o Useful for isolating organs (e.g., liver, lungs, heart) in medical images for diagnosis or
surgical planning.

o Example: Segmenting the heart chambers in echocardiograms.
3. Lesion Detection:

o Assists in identifying lesions, ulcers, or other abnormalities in medical images like endoscopy
or dermoscopy.

4. Blood Vessel Analysis:



o Segments blood vessels in angiograms or retinal images for disease diagnosis, such as
detecting blockages or diabetic retinopathy.

5. Quantitative Analysis:

o Enables volumetric and shape analysis of organs or abnormalities, aiding in disease
progression tracking.

o Example: Calculating the volume of a brain lesion in stroke patients.

Advantages of Region-Based Segmentation in Medical Imaging

e Produces contiguous regions, which is critical for medical interpretation.

e Handles intensity variations better than edge-based methods, making it suitable for noisy
medical images.

e Enables accurate extraction of features like size, shape, and texture for diagnostic purposes.
Limitations

e Highly dependent on the seed point selection.
e May fail in images with poor contrast or significant noise.

e Computationally intensive for large images.

By isolating meaningful regions, region-based segmentation aids in improving diagnostic accuracy,
treatment planning, and monitoring in medical imaging.

Question 4
Discuss the importance of edge detection in image processing. Compare the Sobel and Canny
edge detection algorithms.
Importance of Edge Detection in Image Processing

Edge detection is a critical operation in image processing because it allows for the identification of
boundaries and significant transitions in intensity within an image. These transitions often correspond
to important features such as object boundaries, textures, and regions of interest. By detecting edges,
it becomes easier to analyze and understand the structure of objects within the image, which is vital
in various applications such as:

1. Object Recognition:

o Edge detection helps in identifying the outlines of objects, making it easier to recognize
shapes and patterns within an image.

2. Image Segmentation:



o Detecting edges allows the segmentation of different regions of an image based on intensity
transitions. This can be used to isolate specific areas of interest, such as tumors in medical
images or objects in scene recognition.

3. Feature Extraction:

o Edges highlight important features like corners and boundaries, which are useful for feature
extraction and subsequent image analysis tasks.

4. lmage Enhancement:

o Edge detection can enhance features that are crucial for further processing, like in object
detection or image sharpening.

5. Motion Detection:

o In video sequences, detecting edges is crucial for tracking moving objects and
understanding the scene dynamics.

6. Pattern Recognition:

o Edge detection is a preliminary step for recognizing and classifying patterns, such as
detecting handwritten digits or facial features.

Comparison of Sobel and Canny Edge Detection Algorithms

Both Sobel and Canny edge detection algorithms are widely used in image processing to identify
edges, but they differ significantly in their methods, performance, and applications.

1. Sobel Edge Detection

Overview:

The Sobel edge detection method is a simple and widely used edge-detection operator. It calculates
the gradient of the image intensity at each pixel by applying convolution with Sobel filters. These
filters are designed to detect edges in horizontal and vertical directions.

e Procedure:

o Apply the Sobel operator to calculate the gradient in both the x (horizontal) and y (vertical)
directions.

o Compute the magnitude of the gradient to detect edges.
o Use non-maximum suppression to thin the edges.

o Optionally, apply thresholding to identify strong edges.

e Advantages:



o Simple to implement.
o Computationally less expensive than more complex edge-detection methods.

o Provides a quick estimate of edges in an image.
e Disadvantages:

o Sensitive to noise and may produce false edges in noisy images.
o Less accurate in detecting fine edges, as it uses a basic gradient-based method.

o Does not provide strong edge localization.
e Applications:

o Suitable for basic edge detection tasks, especially when speed is more important than
accuracy.

o Commonly used in real-time applications with limited computational resources.

2. Canny Edge Detection

Overview:

The Canny edge detection algorithm is a multi-step process designed to detect strong edges while
minimizing noise and false edges. It is known for its superior accuracy in edge detection and is often
considered the "gold standard" in edge-detection algorithms.

e Procedure:
i. Noise Reduction:
m The image is smoothed using a Gaussian filter to reduce noise.
ii. Gradient Calculation:

= The gradient of the image is calculated using Sobel operators (or similar filters) to find
intensity changes in both the x and y directions.

iii. Non-Maximum Suppression:
= Thin the edges by retaining only the local maxima in the gradient direction.
iv. Double Thresholding:

= Two thresholds (high and low) are applied to classify edges into strong, weak, or non-
edges.

v. Edge Tracking by Hysteresis:

= Weak edges that are connected to strong edges are retained as part of the edge map,
while others are discarded.



e Advantages:

o High accuracy in edge detection.

o Reduces noise and minimizes false edges by applying Gaussian filtering.

o Provides better edge localization and clearer detection compared to Sobel.

o More resistant to noise due to advanced processing steps.

e Disadvantages:

o Computationally more expensive than Sobel due to the multi-step process.

o May introduce artifacts if the parameters (such as thresholds and Gaussian filter size) are not

set properly.

e Applications:

o ldeal for high-quality edge detection in applications like object recognition, face detection,
and medical image analysis.

o Suitable for scenarios where edge precision and noise reduction are important.

Key Differences Between Sobel and Canny

Feature

Complexity

Edge Localization

Noise Sensitivity

Performance

Edge Thinning

Use Case

Implementation

Edge Detection
Quality

Sobel Edge Detection

Simple and fast, with basic
gradient calculation

Moderate accuracy

Sensitive to noise

Faster and computationally less
expensive

Basic edge thinning

Real-time and simpler
applications

Easier to implement

Less precise in detecting fine
edges

Canny Edge Detection

More complex with multiple stages
of processing

High accuracy with precise edge
localization

Less sensitive to noise due to
Gaussian filtering

Slower due to multi-step processing
Advanced edge thinning via non-
maximum suppression

High-quality edge detection, e.qg.,
medical imaging

Requires more parameters (Gaussian
filter, thresholds)

More precise, retains strong edge
features



Feature Sobel Edge Detection Canny Edge Detection

Computational

Cost Low computational cost High computational cost
os

Conclusion

e Sobel is suitable for applications requiring fast edge detection with minimal computational
resources. It's often used in real-time systems where the trade-off between accuracy and speed is
acceptable.

e Canny, on the other hand, is ideal when high accuracy and precision are crucial, especially in
applications like medical imaging, object detection, and detailed analysis where edge quality is
paramount.

Edge detection plays a pivotal role in extracting useful information from images, and selecting the
appropriate algorithm (Sobel or Canny) depends on the specific application requirements, such as
computational resources, noise levels, and edge quality needed.

Part B

Question 1

1. What is the primary purpose of the erosion operation in morphological image processing?

Correct Answer: (b) Shrink objects in an image

Explanation:

Erosion reduces the size of objects in a binary image by eroding away boundary pixels. It is useful for
removing small, irrelevant details or isolating distinct objects in an image.

Other Options:

¢ (a) Remove noise from images: (Partially correct: While erosion can remove small noise, its main
purpose (s shrinking objects.)

e (c) Connect broken parts of objects: (Incorrect: Dilation or closing is used for connecting broken
parts.)

o (d) Detect edges of objects: (Incorrect: Edge detection is not the primary role of erosion.)

2. Which of the following operations is used to fill small holes in an image?

Correct Answer: (c) Closing
Explanation:



Closing is a morphological operation that involves dilation followed by erosion. It is used to fill small
holes or gaps in an object while preserving its overall shape.

Other Options:

e (a) Erosion: (Incorrect: Erosion shrinks objects and cannot fill holes.)
e (b) Dilation: (Partially correct: Dilation can enlarge objects but doesn't directly fill holes.)

e (d) Opening: (Incorrect: Opening removes small objects or noise, not filling holes.)

3. In JPEG compression, which transform is primarily used to convert spatial data into frequency
data?

Correct Answer: (b) Discrete Cosine Transform (DCT)

Explanation:

JPEG compression uses the DCT to transform spatial domain data into the frequency domain. It
separates the image into high and low-frequency components, enabling efficient compression by
discarding less important high-frequency information.

Other Options:

e (a) Discrete Wavelet Transform (DWT): (Incorrect: DWT is used in JPEG 2000, not standard JPEG
compression.)

e (c) Fourier Transform: (Incorrect: Although a frequency transform, it is not used in JPEG
compression.)

e (d) Haar Transform: (Incorrect: Haar Transform is not part of the JPEG compression process.)

4. Wavelet compression differs from JPEG compression primarily because it:

Correct Answer: (c) Can achieve multi-resolution representation

Explanation:

Wavelet compression, such as in JPEG 2000, provides a multi-resolution representation, allowing for
progressive image refinement and better quality at high compression ratios. JPEG compression, on
the other hand, uses fixed block sizes and DCT.

Other Options:

e (a) Uses the frequency domain: (Incorrect: Both Wavelet and JPEG compression use the frequency
domain.)

¢ (b) Operates on fixed block sizes: (Incorrect: Wavelet compression does not rely on fixed block
sizes; JPEG does.)

e (d) Utilizes binary arithmetic encoding: (Incorrect: While this is a feature of some compression
methods, it is not a key difference.)



Question 2
Compare and contrast opening and closing operations in morphological image processing. Provide

examples where each operation is preferred.

Compare and Contrast: Opening and Closing Operations in Morphological
Image Processing

Definition

e Opening:
Opening is a morphological operation that involves erosion followed by dilation. It is used to
remove small objects or noise while retaining the shape and size of larger objects.

e Closing:
Closing is a morphological operation that involves dilation followed by erosion. It is used to fill
small gaps or holes in objects while preserving the overall shape and size.

Purpose

e Opening:
Removes noise or small, irrelevant objects from the image. It is particularly effective for
separating overlapping objects or eliminating outliers.

e Closing:
Fills small holes or gaps within objects and connects broken components. It is useful for
smoothing the boundaries of objects without altering their overall structure.

Sequence of Operations
1. Opening:

o Erosion: Removes pixels on object boundaries.

o Dilation: Restores the object size after noise is removed.
2. Closing:

o Dilation: Expands object boundaries to close gaps.

o Erosion: Restores the object size after filling gaps.

Effects on Binary Images

e Opening:



o Removes small foreground regions (e.g., noise).

o Smooths object boundaries by removing small protrusions.
e Closing:

o Fills small holes in foreground objects.

o Connects nearby objects or broken parts of a single object.

Examples and Preferred Use Cases
1. Opening Examples:

o Removing Noise:
An image with small, isolated noise points (e.g., salt-and-pepper noise) can be cleaned using
opening.
Example: Cleaning noisy satellite images.

o Shape Isolation:
When analyzing objects of a specific size, opening can help remove smaller, irrelevant
objects.
Example: Isolating blood cells in medical images.

2. Closing Examples:

o Filling Holes:
Small gaps or holes in an object (e.g., letters with broken loops) can be filled using closing.
Example: Repairing broken characters in scanned text documents.

o Connecting Objects:
Nearby or slightly disconnected components can be joined.
Example: Joining fragmented edges in boundary detection.

Comparison Table

Feature Opening Closing
Primary Purpose Remove small objects/noise Fill holes/connect objects
Operation Order Erosion — Dilation Dilation — Erosion

Effect on Foreground  Shrinks objects and removes noise  Expands objects and fills gaps

Preferred Use Cases Noise removal, shape isolation Hole filling, object connection



Conclusion

Opening and closing are complementary morphological operations used to preprocess images for
better analysis. While opening focuses on removing noise and irrelevant small objects, closing is ideal
for filling holes and connecting objects. Choosing between them depends on the specific
requirements of the image processing task.

Question 4
Describe the process of JPEG compression. Explain the role of Discrete Cosine Transform (DCT) and
quantization in reducing file size?
JPEG Compression: Process and Key Components

JPEG compression is a widely used method for reducing the size of image files while maintaining
visual quality. It achieves this by discarding less important image information, primarily targeting
areas of the image that are less perceptible to the human eye.

Steps in JPEG Compression
1. Color Space Conversion:

o The input image, typically in RGB format, is converted to the YCbCr color space.

o Y represents luminance (brightness), while Cb and Cr represent chrominance (color
information).

o This conversion separates brightness and color, allowing higher compression for
chrominance components.

2. Downsampling:

o The chrominance components (Cb and Cr) are often downsampled (e.g., 4:2:0 format)
because the human eye is less sensitive to color details than brightness.

3. Block Division:

o The image is divided into 8x8 pixel blocks to simplify processing. Each block is treated
independently for compression.

4. Discrete Cosine Transform (DCT):

o Each 8x8 block undergoes a DCT to convert spatial domain pixel data into frequency domain
data.

o Role of DCT:
m DCT separates image information into:



= Low-frequency components: Represent most of the visual information (e.g.,
smooth variations).

= High-frequency components: Represent fine details and noise.

m The DCT outputs a matrix where the top-left corner contains the most significant (low-
frequency) information, while other areas contain less critical (high-frequency) details.

5. Quantization:

o The DCT coefficients are quantized to reduce precision and achieve compression.

o Role of Quantization:
m A quantization matrix divides the DCT coefficients.

m Larger quantization values are used for high-frequency components, effectively
discarding less visible details.

= This step results in significant data reduction by prioritizing visually important
information.

6. Entropy Coding:

o The quantized coefficients are further compressed using entropy coding techniques like
Huffman coding or arithmetic coding.

o This step ensures efficient storage of the remaining data.
7. Image Reconstruction:

o During decompression, the reverse process is applied to reconstruct the image. However, the
discarded high-frequency data cannot be recovered, making JPEG a lossy compression
format.

Key Components in Reducing File Size
1. Discrete Cosine Transform (DCT):

o Converts the image from spatial to frequency domain.

o Concentrates most of the image's energy in a few low-frequency components, making it
easier to identify and discard less critical information.

2. Quantization:

o Reduces precision of less significant DCT coefficients.

o Plays the primary role in compression by discarding high-frequency details that have
minimal impact on perceived image quality.

Advantages of JPEG Compression



e Efficient storage with significant reduction in file size.

e Retains good visual quality, especially for natural images like photographs.

Limitations

e Loss of fine details due to quantization.

e Compression artifacts, such as blockiness, may appear at high compression ratios.

By combining the strengths of DCT for frequency domain transformation and quantization for data
reduction, JPEG compression effectively balances image quality and file size.



