
1. Topic Title 

Image Segmentation: Pixel Classification & Thresholding Techniques 

 

2. Introduction 

Image segmentation is a key process in image processing that partitions an image into meaningful 

regions. It helps identify and separate objects or regions of interest for further analysis. 

Segmentation plays a critical role in applications like medical imaging, object detection, and 

computer vision systems. 

 

3. Core Concepts 

 Pixel Classification: Assigning each pixel to a class (e.g., object or background) based on 

its features (intensity, color, texture). 

 Grey Level Thresholding: A basic segmentation technique that separates pixels based on 

intensity values. 

 Global Thresholding: Applies a single threshold value to the whole image. 

 Local Thresholding: Uses different thresholds for different regions based on local 

characteristics. 

 Optimum Thresholding: Computes the best threshold based on image statistics (e.g., 

Otsu's method). 

 

4. Techniques & Methodologies 

a. Pixel Classification 

1. Analyze pixel intensity or features. 

2. Assign class label (e.g., 0 for background, 1 for object). 

3. Common in supervised classification or ML-based segmentation. 



b. Grey Level Thresholding 

1. Choose threshold TTT. 

2. Assign pixel value: 

o If I(x,y)>TI(x, y) > TI(x,y)>T: object (white) 

o Else: background (black) 

c. Global Thresholding 

 Uses a fixed threshold across the entire image. 

 Suitable for images with uniform illumination. 

d. Local Thresholding 

 Divide image into small regions. 

 Compute individual thresholds for each region. 

 Useful in uneven lighting conditions. 

e. Optimum Thresholding (e.g., Otsu’s Method) 

 Automatically finds the threshold that minimizes intra-class variance (or maximizes inter-

class variance). 

 Steps: 

1. Compute histogram. 

2. Calculate probability of each intensity level. 

3. Find threshold that gives best class separation. 

 

5. Use-Cases 

Industry/Application Area Description 

Healthcare Segment tumors or organs from MRI/CT images 



Industry/Application Area Description 

Autonomous Vehicles Road and lane detection from camera feeds 

Surveillance Motion detection and object identification 

Remote Sensing Land-use classification in satellite imagery 

 

6. Applications 

 Medical Imaging: Brain tumor segmentation (MRI) 

 OCR Systems: Character extraction from scanned text 

 OpenCV: Implements global and adaptive thresholding 

 MATLAB: imbinarize, graythresh, adaptthresh 

 

7. Advantages 

 Simple Implementation (especially for thresholding) 

 Fast Computation 

 Effective in High Contrast Images 

 Automated Methods (e.g., Otsu) reduce manual tuning 

 

8. Comparison with Contemporary Techniques 

Feature Thresholding (e.g., Otsu) Deep Learning Segmentation (e.g., U-Net) 

Accuracy Medium (depends on contrast) High 

Data Requirement Low High 

Computation Time Very Low High 

Adaptability Low (needs good contrast) High 



Feature Thresholding (e.g., Otsu) Deep Learning Segmentation (e.g., U-Net) 

Example Fixed thresholding CNN-based pixel labeling 

 

9. Limitations/Challenges 

 Not suitable for complex or noisy images 

 Fails under poor contrast or uneven lighting 

 Cannot handle texture or context 

 Static thresholds are not adaptive 

 

10. Conclusion 

Segmentation is fundamental in image analysis, with pixel classification and thresholding being 

the simplest yet powerful techniques. While basic methods like global and local thresholding are 

fast, they may lack robustness in real-world conditions. Future work leans toward machine learning 

and deep learning-based segmentation models, but thresholding remains vital for quick, efficient 

preprocessing or lightweight applications. 

 

11. References/Further Reading 

 Otsu, N. (1979). "A Threshold Selection Method from Gray-Level Histograms", IEEE 

Transactions on Systems, Man, and Cybernetics. 

 Gonzalez, R.C., & Woods, R.E. Digital Image Processing, 4th Edition. 

 OpenCV Documentation: https://docs.opencv.org/ 

 MATLAB Image Processing Toolbox: https://in.mathworks.com/products/image.html 

 Coursera: Digital Image Processing by Northwestern University 



Bayes Analysis: Foundations of Probabilistic Inference in Machine Learning 

2. Introduction 

Bayes analysis is a statistical approach based on Bayes’ Theorem, used to update the probability 

of a hypothesis as new evidence becomes available. It is a fundamental concept in probabilistic 

modeling and decision-making under uncertainty. 

 

Bayesian thinking enables informed decision-making in scenarios with incomplete or noisy data. 

It underpins many modern applications such as spam detection, diagnostics, and stock prediction. 

 

Bayes analysis is crucial in machine learning, data science, artificial intelligence, and 

computational statistics. It lays the groundwork for probabilistic graphical models, Bayesian 

networks, and Natural Language Processing (NLP). 

3. Core Concepts 

- Bayes’ Theorem: 
  P(H|E) = (P(E|H) * P(H)) / P(E) 
  where: 
    P(H|E) = Posterior Probability 
    P(H) = Prior Probability 
    P(E|H) = Likelihood 
    P(E) = Marginal Probability 
 
- Prior: Belief about a parameter before seeing the data 
- Posterior: Updated belief after seeing the data 
- Likelihood: How probable the data is given the hypothesis 
- Marginal Likelihood: Probability of observing the evidence under all hypotheses 
 
- Bayesian Inference: The process of updating beliefs using Bayes’ Theorem 
- Frequentist vs Bayesian: 
    Frequentists interpret probability as long-run frequency 
    Bayesians interpret it as a degree of belief 

4. Techniques & Methodologies 

Step-by-step Bayesian Inference: 
1. Define a prior belief P(H) 
2. Collect evidence E 



3. Use likelihood P(E|H) to relate data and hypothesis 
4. Compute the posterior P(H|E) 
5. Use posterior for prediction or decision-making 
 
Flowchart: 
[Prior] + [Data] --> [Likelihood] --> Apply Bayes' Theorem --> [Posterior] 
 
Common Bayesian Models: 
- Naive Bayes Classifier 
- Bayesian Linear Regression 
- Markov Chain Monte Carlo (MCMC) 
- Bayesian Networks 

5. Use-Cases 

Industry Description 

Healthcare Disease diagnosis using prior data and 
patient symptoms 

Finance Credit scoring and fraud detection 

Cybersecurity Bayesian spam filtering 

Marketing Customer segmentation and preference 
prediction 

Autonomous Systems Sensor fusion and decision making in 
robotics 

6. Applications 

- Software Tools: 
  - PyMC3 / PyMC4 
  - Stan 
  - TensorFlow Probability 
  - Scikit-learn (for Naive Bayes models) 
 
- Practical Systems: 
  - Gmail spam filter (Naive Bayes) 
  - Bayesian A/B Testing tools 
  - Medical diagnosis systems 



7. Advantages 

- Incorporates prior knowledge into analysis 
- Handles uncertainty effectively 
- Robust to small datasets 
- Provides full posterior distribution, not just point estimates 

8. Comparison with Contemporary Techniques 

Feature Bayesian Analysis Frequentist Methods 

Prior Usage Required Not used 

Output Full distribution Point estimate 

Interpretability High Moderate 

Flexibility Very flexible with MCMC Limited 

Data Requirement Can work with small data Often needs large samples 

9. Limitations/Challenges 

- Computationally intensive (especially with MCMC) 
- Choice of prior can be subjective 
- Difficult to scale for high-dimensional models 
- Requires expertise to interpret posteriors 

10. Conclusion 

Bayes analysis provides a solid foundation for probabilistic inference, allowing machines to 
make decisions under uncertainty by incorporating prior beliefs and evidence. 
 
Future Trends: 
- Growing adoption in deep learning (Bayesian Neural Networks), probabilistic programming, 
and AI safety. 
 
Integration into CSE: 
- Forms the basis of various machine learning algorithms, statistical modeling, and decision-
making systems. 

11. References/Further Reading 

1. Kevin P. Murphy, Machine Learning: A Probabilistic Perspective, MIT Press, 2012 
2. https://www.pymc.io 
3. https://www.tensorflow.org/probability 
4. Daphne Koller & Nir Friedman, Probabilistic Graphical Models 
5. Online course: Bayesian Statistics – Coursera 



1. Topic Title 

Otsu Method for Image Thresholding 

 

2. Introduction 

The Otsu method is an automatic image thresholding technique that determines an optimal 

threshold value to separate foreground and background pixels in a grayscale image. It’s widely 

used in image processing and computer vision for tasks like segmentation and preprocessing. 

 Importance: Essential in automated image analysis tasks like document binarization, 

medical imaging, and object detection. 

 Relevance to Computer Science: Forms a core part of computer vision and digital image 

processing within artificial intelligence, robotics, and pattern recognition domains. 

 

3. Core Concepts 

 Thresholding: Technique to convert a grayscale image to binary. 

 Between-class Variance: Measure of class separability. 

 Intra-class Variance: Variance within foreground and background pixels. 

 Otsu’s Assumption: Image contains two classes of pixels (e.g., foreground and background) 

and the goal is to find the threshold that minimizes the intra-class variance. 

 

4. Techniques & Methodologies 

Otsu's Algorithm Steps: 

1. Compute histogram of the grayscale image. 

2. Calculate probability of each intensity level. 



3. Iterate through all possible thresholds (t) from 1 to 255: 

o Compute weight w0(t)w_0(t)w0(t) and w1(t)w_1(t)w1(t) 

o Compute mean μ0(t)\mu_0(t)μ0(t), μ1(t)\mu_1(t)μ1(t) 

o Compute between-class variance: 

σb2(t)=w0(t)⋅w1(t)⋅(μ0(t)−μ1(t))2\sigma_b^2(t) = w_0(t) \cdot w_1(t) \cdot (\mu_0(t) - 

\mu_1(t))^2σb2(t)=w0(t)⋅w1(t)⋅(μ0(t)−μ1(t))2  

4. Select threshold t∗t^*t∗ that maximizes σb2\sigma_b^2σb2 

Flowchart: 

css 

CopyEdit 

[Start] → [Read Grayscale Image] → [Compute Histogram] 

→ [Calculate class probabilities and means for all t] 

→ [Compute between-class variance for each t] 

→ [Find t with max variance] → [Apply threshold] → [Binary Image] 

 

5. Use-Cases 

Industry Description 

Medical Imaging Segmenting tumor regions in MRI or CT scans 

Document Scanning Extracting text from scanned pages 

Security Systems Motion detection using frame differencing and thresholding 

 

6. Applications 

 OpenCV: cv2.threshold(img, 0, 255, cv2.THRESH_BINARY + cv2.THRESH_OTSU) 

 MATLAB: graythresh() function 



 Scikit-image: filters.threshold_otsu() 

 

7. Advantages 

 No need for manual threshold selection 

 Fast and efficient for bimodal histograms 

 Easy to implement and interpret 

 

8. Comparison with Contemporary Techniques 

Feature Otsu Method Adaptive Thresholding 

Accuracy High (bimodal) Better in uneven lighting 

Computation Low Moderate to High 

Data Dependency Histogram based Local pixel context 

Example Document scanning Text detection under shadow 

 

9. Limitations/Challenges 

 Assumes bimodal distribution of intensities 

 Not robust with noisy or unevenly lit images 

 Fails when foreground and background have overlapping intensities 

 

10. Conclusion 

The Otsu method remains a foundational algorithm in image thresholding due to its simplicity and 

effectiveness. While it has limitations under complex lighting or noisy conditions, it serves as a 

stepping stone toward more advanced adaptive and machine learning-based segmentation 

techniques. It integrates well into courses on digital image processing, AI, and computer vision. 



 

11. References/Further Reading 

 Otsu, N. (1979). “A Threshold Selection Method from Gray-Level Histograms”, IEEE 

Transactions on Systems, Man, and Cybernetics. 

 OpenCV documentation: https://docs.opencv.org/ 

 Scikit-Image docs: https://scikit-image.org/ 

 Digital Image Processing by Gonzalez and Woods 

 

Derivative-Based Edge Detection Operators, Edge Detection & Linking 

2. Introduction 

Edge detection is a fundamental image processing technique used to identify sharp 

discontinuities in image intensity. These discontinuities often correspond to object boundaries, 

texture changes, or illumination variations. 

 

Importance in Real-World Context: 

- Crucial for computer vision tasks like object detection, recognition, and tracking. 

- Used in medical imaging, surveillance, and autonomous navigation. 

 

Relevance to Computer Science: 

- Forms the foundation for algorithms in digital image processing, computer vision, and AI-based 

visual systems. 

 

3. Core Concepts 

Definitions and Key Terminologies: 

- Edge: Significant change in intensity or color in an image. 

- Gradient: A vector representing the rate of change of intensity. 

- Edge Linking: Process of connecting fragmented edge segments to form complete boundaries. 

 



Fundamental Principles: 

- Based on first and second-order derivatives to detect regions with rapid intensity change. 

- Gradient magnitude and direction help identify edge strength and orientation. 

 

Models/Frameworks Used: 

- Mathematical models like Sobel, Prewitt, Roberts, and Laplacian of Gaussian (LoG). 

 

4. Techniques & Methodologies 

Derivative-Based Operators: 

1. Roberts Operator: Uses 2x2 kernels to compute diagonal gradients. Fast but sensitive to noise. 

2. Prewitt Operator: Uses 3x3 kernels for horizontal and vertical edges. Better noise tolerance 

than Roberts. 

3. Sobel Operator: Similar to Prewitt but gives more weight to center pixels. Commonly used 

due to effectiveness in detecting edges. 

4. Laplacian Operator: Second-order derivative; detects zero-crossings. Sensitive to noise — 

often preceded by smoothing. 

 

Edge Detection Process: 

- Convert image to grayscale. 

- Apply derivative filter to compute gradient. 

- Threshold the gradient magnitude. 

- Optionally apply non-maximum suppression. 

 

Edge Linking: 

- Hysteresis Thresholding: Strong edges are preserved; weak ones are preserved only if 

connected. 

- Contour Following: Trace edges based on connectivity. 

- Hough Transform: Detect geometric shapes like lines and circles. 

 



5. Use-Cases 

Industry Description 

Healthcare Tumor boundary detection in CT/MRI 
images 

Automotive Lane detection in self-driving car systems 

Security Motion and object detection in 
surveillance cameras 

Remote Sensing Satellite image analysis for terrain 
segmentation 

6. Applications 

- Canny Edge Detector (uses gradient + edge linking) 
- OpenCV (Python/C++ image processing library) 
- MATLAB Image Processing Toolbox 
- Edge-based object tracking systems 
 

7. Advantages 

- Efficient at detecting meaningful image features 
- Basis for complex object recognition algorithms 
- Scalable for real-time implementation 
- Enhances contrast between objects and background 
 

8. Comparison with Contemporary Techniques 

Feature Traditional 
Derivative 
Operators 

Deep Learning 
(e.g., CNN) 

  

Accuracy Moderate High   

Data 
Requirement 

None 
(unsupervised) 

Large labeled 
datasets 

  

Computation 
Time 

Low High   



Noise 
Robustness 

Moderate High   

Interpretability High Low   

9. Limitations/Challenges 

- Sensitive to noise (especially higher-order derivatives) 
- Requires tuning of thresholds for edge detection 
- May produce broken or false edges 
- Ineffective for textured or low-contrast regions 
 

10. Conclusion 

Edge detection using derivative-based operators is a classical and foundational approach in 

image analysis. While modern deep learning techniques offer higher accuracy, traditional 

methods remain relevant due to their simplicity, efficiency, and interpretability. The integration 

of edge detection in systems across industries reflects its enduring value, and research continues 

to improve edge-linking strategies and hybrid approaches. 

 

11. References/Further Reading 

1. Gonzalez and Woods, Digital Image Processing, Pearson. 
2. OpenCV Documentation: https://docs.opencv.org/ 
3. Szeliski, Computer Vision: Algorithms and Applications, Springer. 
4. MATLAB Edge Detection Guide: https://www.mathworks.com/help/images/edge-
detection.html 
5. Canny, J. (1986). "A Computational Approach to Edge Detection", IEEE Transactions on 
Pattern Analysis and Machine Intelligence. 
 

1. Topic Title 

Canny Edge Detector: A Multi-Stage Edge Detection Algorithm 

 

2. Introduction 



The Canny Edge Detector is a widely used image processing algorithm that identifies edges in 

digital images with high accuracy. Developed by John F. Canny in 1986, it is designed to be an 

optimal edge detection method in terms of detecting, localizing, and minimizing multiple 

responses to edges. 

Importance in Real-World Context: 

Edge detection is crucial in applications like facial recognition, autonomous driving, medical 

imaging, and object recognition. 

Relevance to Computer Science: 

Used extensively in computer vision, image processing, and machine learning tasks related to 

visual data. 

 

3. Core Concepts 

Key Terminologies: 

 Edge: A boundary where image brightness changes sharply. 

 Gradient: Measure of change in intensity at each pixel. 

 Non-maximum suppression: Technique to thin out the edges. 

Principles: 

 Good detection: Mark real edges. 

 Good localization: Edges should be marked as close as possible to the true edge. 

 Minimal response: One response per edge. 

Framework: 

 Based on a series of filtering and analysis steps to ensure robustness and accuracy. 

 

4. Techniques & Methodologies 

Steps of the Canny Edge Detection Algorithm: 



1. Noise Reduction: Apply Gaussian filter to smooth the image and remove noise. 

2. Gradient Calculation: Use Sobel filters to compute gradient magnitude and direction. 

3. Non-Maximum Suppression: Thins out edges by keeping only the local maxima in 

gradient direction. 

4. Double Thresholding: Classify pixels as strong, weak, or non-edges based on intensity. 

5. Edge Tracking by Hysteresis: Final edge determination by linking weak edges that are 

connected to strong edges. 

 

5. Use-Cases 

Industry Description 

Healthcare Detect tumors or organ boundaries in medical images 

Automotive Lane and object detection in autonomous driving 

Security Facial recognition systems for surveillance 

Manufacturing Detect flaws in products using visual inspection systems 

 

6. Applications 

 OpenCV: Popular computer vision library offering cv2.Canny() function. 

 MATLAB: Built-in edge() function using ‘Canny’ method. 

 Autonomous Vehicles: Real-time obstacle and lane boundary detection. 

 

7. Advantages 

 High accuracy: Effectively detects true edges. 

 Low false detection rate: Reduces noise through Gaussian filtering. 

 Directional sensitivity: Identifies edge orientation. 

 



8. Comparison with Contemporary Techniques 

Feature Canny Edge Detector Sobel Operator 

Accuracy High Moderate 

Noise Reduction Yes (Gaussian filter) No 

Output Sharpness Sharp and clear Less precise 

Computation Time Moderate Low 

 

9. Limitations/Challenges 

 Sensitive to parameter selection (e.g., threshold values, Gaussian kernel size) 

 Computationally heavier than simple edge detectors 

 Might miss weak edges disconnected from strong ones 

 

10. Conclusion 

The Canny Edge Detector remains a foundational algorithm in computer vision due to its balance 

of accuracy and performance. Though it is computationally heavier, its robustness makes it 

suitable for various real-world applications. As AI and computer vision evolve, Canny’s 

principles still influence newer deep learning-based edge detection systems. 

 

11. References/Further Reading 

 John F. Canny, “A Computational Approach to Edge Detection”, IEEE Transactions on 
Pattern Analysis and Machine Intelligence, 1986. 

 OpenCV Documentation: https://docs.opencv.org 

 Stanford CS231n: Convolutional Neural Networks for Visual Recognition 

 Gonzalez and Woods, "Digital Image Processing", Pearson Education 

 

1. Topic Title 



Region Growing, Split/Merge Techniques, and Line Detection in Image Processing 

 

2. Introduction 

These techniques are fundamental in image segmentation and computer vision, enabling 
machines to recognize and analyze regions and edges in digital images. 

 Importance: They form the basis for object detection, medical imaging, remote sensing, 
and more. 

 Relevance to Computer Science: Heavily used in fields like computer vision, machine 
learning, robotics, and image recognition systems. 

 

3. Core Concepts 

➤ Region Growing: 

 A pixel-based segmentation method that groups pixels based on predefined criteria such 
as intensity or color similarity. 

 Starts with seed points and grows by including neighboring pixels that satisfy similarity 
constraints. 

➤ Split-and-Merge: 

 A quadtree-based approach that divides the image into regions until a homogeneity 
criterion is met. 

 The image is recursively split and then adjacent similar regions are merged. 

➤ Line Detection: 

 Identifies linear patterns or edges in images. 

 Commonly used methods: Hough Transform, Sobel Operator, and Canny Edge 
Detector. 

 

4. Techniques & Methodologies 

膆 Region Growing Algorithm: 

1. Choose initial seed point(s) 

2. Examine neighboring pixels 



3. Add similar pixels to the region 

4. Repeat until no more pixels can be added 

膆 Split-and-Merge Technique: 

1. Split image recursively into 4 quadrants 

2. Apply a homogeneity predicate 

3. If predicate fails, continue splitting 

4. Merge adjacent homogeneous regions 

膆 Line Detection via Hough Transform: 

1. Edge detection (e.g., Canny) 

2. Map edge points to Hough space 

3. Detect peaks corresponding to lines 

 

5. Use-Cases 

Industry Description 

Medical Imaging Tumor detection via segmentation 

Satellite Imaging Region-based land classification 

Document Analysis Line and boundary detection in scanned pages 

 

6. Applications 

 Region Growing: MRI scan analysis, industrial defect detection 

 Split-and-Merge: Quadtree image compression, terrain mapping 

 Line Detection: Lane detection in autonomous vehicles, barcode readers 

Tools/Frameworks: 

 OpenCV 

 MATLAB Image Processing Toolbox 

 Scikit-image (Python) 



 

7. Advantages 

Technique Advantages 

Region Growing Simple and intuitive 

Split-Merge Handles complex images with non-uniform regions 

Line Detection Efficient for edge-based pattern recognition 

 

8. Comparison with Contemporary Techniques 

Feature 
Traditional (e.g., Region 
Growing) 

Modern (e.g., Deep Learning 
Segmentation) 

Accuracy Medium High 

Data Requirement Low High 

Computation 
Time 

Low High 

Interpretability High Often low (black box) 

 

9. Limitations/Challenges 

 Region Growing: 

o Sensitive to seed selection 

o Can over-segment noisy images 

 Split-and-Merge: 

o May produce blocky regions 

o Requires careful predicate design 

 Line Detection: 

o Prone to false detections in noisy images 

o Needs preprocessing for accurate results 



 

10. Conclusion 

These techniques are foundational in traditional image segmentation and feature detection. While 

deep learning methods are becoming dominant, classical approaches like region growing, 

split/merge, and Hough transform remain relevant for low-complexity, interpretable, and 

real-time systems. 

Future trends include hybrid methods combining classical and AI-based approaches. 

 

11. References/Further Reading 

 R. Gonzalez and R. Woods, Digital Image Processing, Pearson, 4th Edition 

 OpenCV Documentation: https://docs.opencv.org/ 

 “A Survey of Image Segmentation Techniques”, IEEE Transactions on Pattern Analysis 
and Machine Intelligence 

 scikit-image documentation: https://scikit-image.org/ 

 Online course: Coursera - Fundamentals of Digital Image and Video Processing 

 

1. Topic Title 

Computer Vision: Hough Transform 

 

2. Introduction 

The Hough Transform is a powerful technique in computer vision for detecting shapes, most 

notably lines, circles, and ellipses, in images. It works by transforming the image space into a 

parameter space and identifying features through accumulation. 

Importance in Real-World Context: 

Used widely in applications such as autonomous driving (lane detection), document analysis, and 

medical imaging. 



Relevance to Computer Science: 

Plays a vital role in image processing, pattern recognition, and computer vision — critical areas 

in AI and machine learning. 

 

3. Core Concepts 

 Edge Detection: Essential pre-processing step; often done using Canny or Sobel 

operators. 

 Parameter Space: Representation of shapes in mathematical form. 

o For a line: y=mx+cy = mx + cy=mx+c or r=xcos⁡θ+ysin⁡θr = x \cos \theta + y 

\sin \thetar=xcosθ+ysinθ 

 Accumulator Array: A grid in parameter space that counts votes for possible shape 

parameters. 

 

4. Techniques & Methodologies 

Step-by-Step Process for Line Detection: 

1. Preprocess Image: Apply grayscale conversion and edge detection. 

2. Define Parameter Space: Use polar coordinates (r, θ) to represent lines. 

3. Vote in Accumulator: For each edge point, calculate possible (r, θ) and increment 

accumulator. 

4. Identify Peaks: Peaks in accumulator correspond to the most likely lines. 

5. Draw Lines: Map back from parameter space to image space. 

Architecture Flowchart: 

plaintext 

CopyEdit 



Image → Grayscale → Edge Detection → Hough Transform → Accumulator Array → Peak 
Detection → Line Output 

 

5. Use-Cases 

Industry/Application Area Description 

Autonomous Vehicles Lane detection and road boundary recognition 

Medical Imaging Detection of circular structures like tumors 

Document Analysis Straight line detection in scanned documents 

 

6. Applications 

 OpenCV: cv2.HoughLines() and cv2.HoughCircles() in Python. 

 MATLAB: Built-in functions for Hough transform visualization. 

 ROS (Robot Operating System): Used in vision-based navigation modules. 

 

7. Advantages 

 Robust to noise and partial shape detection 

 Can detect multiple shapes simultaneously 

 Works well with distorted or broken lines 

 

8. Comparison with Contemporary Techniques 

Feature Hough Transform Deep Learning (e.g., YOLO for shapes) 

Accuracy High for basic shapes Very high for complex patterns 

Data Requirement Low High (requires training datasets) 

Computation Time Moderate High 

Flexibility Low (fixed shapes) High (custom object detection) 

 



9. Limitations/Challenges 

 High computational cost for detecting complex shapes (e.g., ellipses) 

 Sensitive to parameter tuning (e.g., θ and r resolution) 

 Not suitable for irregular or complex objects without known models 

 

10. Conclusion 

The Hough Transform remains a classic yet vital tool in image analysis and computer vision, 

particularly effective for detecting lines and circles. While newer techniques like deep learning 

provide greater flexibility, Hough remains efficient for specific geometric shape detection. 

Future Trends: Integration with CNNs for hybrid vision systems; GPU acceleration for real-

time performance. 

CSE Curriculum Integration: Useful in courses on Computer Vision, Image Processing, AI, 

and Robotics. 

 

11. References/Further Reading 

 [1] R. O. Duda and P. E. Hart, “Use of the Hough Transformation to Detect Lines and 
Curves in Pictures,” Communications of the ACM, vol. 15, no. 1, 1972. 

 [2] OpenCV Documentation: https://docs.opencv.org 

 [3] Digital Image Processing by Rafael C. Gonzalez and Richard E. Woods 

 [4] Coursera: Computer Vision Basics (by University at Buffalo & SUNY) 

  

 

 

 

 

 

 



 

Unit 4 
1. Topic Title 

Image/Object Features Extraction: Textural Features - GLCM, Moments, and 
Connected Component Analysis 

 

2. Introduction 

In computer vision and image processing, feature extraction is the process of transforming 
raw image data into measurable and meaningful attributes used for tasks like classification, 
detection, and segmentation. 

Understanding features like texture, shape, and structure is essential for analyzing digital 
images and extracting valuable information. 

This topic is crucial in applications such as medical imaging, autonomous driving, satellite 
image analysis, and robotics, making it highly relevant to Computer Science and AI-based 
visual computing systems. 

 

3. Core Concepts 

��� Definitions and Key Terminologies: 

 Feature Extraction: Process of identifying and describing important properties of image 
objects. 

 Textural Features: Describe spatial arrangements of intensity values (e.g., smoothness, 
coarseness). 

 GLCM (Gray Level Co-occurrence Matrix): Represents how often pairs of pixels with 
specific values and spatial relationship occur. 

 Moments: Statistical measures that describe the shape of an object. 

 Connected Component Analysis (CCA): Groups neighboring pixels with similar 
intensities into objects or regions. 

귥극귧귨 Fundamental Principles: 

 Texture gives context to surfaces and patterns. 

 Shape descriptors (moments) summarize object geometry. 



 Topological analysis (CCA) helps in segmenting and labeling. 

 

4. Techniques & Methodologies 

1. Gray Level Co-occurrence Matrix (GLCM) 

Steps: 

1. Convert image to grayscale. 

2. Define spatial relationship (distance and angle). 

3. Create a matrix counting co-occurrence of pixel intensities. 

4. Derive features like: 

o Contrast 

o Correlation 

o Energy 

o Homogeneity 

Diagram: 

GLCM generation flowchart can be added here. 

 

2. Image Moments 

Types: 

 Raw Moments (M<sub>pq</sub>) 

 Central Moments (μ<sub>pq</sub>) 

 Normalized Moments 

 Hu’s Invariant Moments (rotation, scale, and translation invariant) 

Steps: 

1. Binary or grayscale image input. 

2. Compute moments using: 

Mpq=∑x∑yxpyqf(x,y)M_{pq} = \sum_x \sum_y x^p y^q f(x,y)Mpq=x∑y∑xpyqf(x,y)  

 



3. Connected Component Analysis (CCA) 

Steps: 

1. Binarize the image. 

2. Scan image pixel by pixel. 

3. Label connected groups of 1’s (foreground pixels). 

4. Assign each group a unique ID (label). 

Types: 

 4-connectivity 

 8-connectivity 

Output: 

 Label matrix 

 Number of components 

 Bounding boxes or centroids 

 

5. Use-Cases 

Industry Description 

Medical Imaging Tumor detection using texture features 

Document Analysis Character segmentation using connected components 

Remote Sensing Land use classification using texture patterns 

Robotics Object detection and shape matching using moments 

 

6. Applications 

 OpenCV – for image moments, connected components, and GLCM (via skimage). 

 scikit-image – for greycomatrix, regionprops, and more. 

 MATLAB – built-in functions for GLCM, bwlabel, regionprops. 

 



7. Advantages 

 GLCM: Captures fine textural distinctions. 

 Moments: Compact object representation. 

 CCA: Simple yet effective for segmentation and labeling. 

 Computationally lightweight for small/medium image sizes. 

 

8. Comparison with Contemporary Techniques 

Feature Traditional (GLCM, Moments, CCA) Deep Learning (CNN) 

Accuracy Medium High 

Data Requirement Low High 

Interpretability High Medium 

Computation Time Low High 

Feature Selection Manual Automatic 

 

9. Limitations/Challenges 

 GLCM is sensitive to noise and grayscale levels. 

 Moments may lose discriminative power with complex shapes. 

 CCA assumes clear segmentation (can fail in noisy images). 

 Manual tuning of parameters and thresholds required. 

 

10. Conclusion 

Feature extraction using GLCM, Moments, and CCA remains a foundational technique in 

computer vision. These methods are interpretable and computationally efficient, serving as a 

basis for traditional image analysis or as a preprocessing step in modern deep learning 

systems. 



These concepts integrate into CSE through subjects like Image Processing, Computer 

Vision, Machine Learning, and Pattern Recognition. 

 

11. References/Further Reading 

1. Haralick, R. M., et al. "Textural Features for Image Classification." IEEE Transactions on 
Systems, Man, and Cybernetics, 1973. 

2. Gonzalez and Woods, "Digital Image Processing", Pearson Education. 

3. OpenCV documentation: https://docs.opencv.org 

4. Scikit-image GLCM guide: https://scikit-image.org/docs/stable/ 

5. Online Course: Coursera – Image and Video Processing: From Mars to Hollywood with a 
Stop at the Hospital 

1. Topic Title 

Convex Hull and Distance Transform 

 

2. Introduction 

Convex Hull and Distance Transform are fundamental computational geometry and image 
processing techniques, respectively. They are widely used in computer vision, robotics, and 
pattern recognition. 

Convex Hull computes the smallest convex boundary around a set of points, while Distance 
Transform assigns a value to each pixel based on its distance to the nearest object pixel. 

These concepts are highly relevant to Computer Science, particularly in fields like graphics, 
machine learning preprocessing, and shape analysis. 

 

3. Core Concepts 

Convex Hull: 

 Definition: The smallest convex polygon that contains all points in a given set. 

 Key Terms: Convex set, boundary points, envelope. 

 Theories: 



o A polygon is convex if any line segment joining two points in the polygon lies 
entirely inside it. 

o Convex Hull is a minimal enclosing polygon. 

Distance Transform: 

 Definition: For a binary image, each pixel is assigned a value representing its distance to 
the nearest foreground pixel. 

 Key Terms: Foreground, background, Euclidean distance, Chamfer distance. 

 Theories: 

o Transforms an image into a "distance map". 

o Common metrics: Euclidean, Manhattan, Chessboard distances. 

 

4. Techniques & Methodologies 

Convex Hull Algorithms: 

 Graham Scan: 

1. Find the point with the lowest y-coordinate. 

2. Sort points by polar angle with this point. 

3. Traverse and remove points that cause a right turn. 

 Jarvis March (Gift Wrapping): 

1. Start from the leftmost point. 

2. Wrap around by selecting the next most counterclockwise point. 

Distance Transform Steps: 

1. Input: Binary image (foreground/background). 

2. Assign 0 to foreground pixels, ∞ to background. 

3. Perform forward and backward scans to update distances. 

4. Use distance metrics like Euclidean or Chamfer. 

Diagram suggestion: 

 Convex Hull: Points cloud with highlighted convex polygon. 

 Distance Transform: Binary image with distance intensity map. 



 

5. Use-Cases 

Industry/Application Area Description 

Robotics Collision detection using convex hulls 

Computer Vision Shape analysis and segmentation using distance transform 

Medical Imaging Finding region boundaries or separating components 

Game Development Bounding box computation for objects 

 

6. Applications 

 Convex Hull: 

o Used in OpenCV (cv2.convexHull()), MATLAB, QGIS, CGAL. 

 Distance Transform: 

o Available in OpenCV (cv2.distanceTransform()), MATLAB, ITK. 

o Used in skeletonization, medial axis computation. 

 

7. Advantages 

Feature Convex Hull Distance Transform 

Performance Fast algorithms available Efficient with linear scan 

Robustness Handles large datasets Works on noisy images 

Application Flexibility 2D/3D point sets Any binary shape 

 

8. Comparison with Contemporary Techniques 

Feature Convex Hull Alpha Shapes 

Accuracy Only convex shapes Handles concavities 



Feature Convex Hull Alpha Shapes 

Data Requirement Moderate High 

Output Type Polygon boundary Complex topology 

Example Graham Scan Alpha Shape Algorithm 

Feature Distance Transform 
Morphological 
Operators 

Precision High Approximate 

Use-case Quantitative analysis Binary transformations 

 

9. Limitations/Challenges 

 Convex Hull: 

o Cannot handle concave boundaries. 

o Sensitive to outliers. 

 Distance Transform: 

o Requires binary input; preprocessing often needed. 

o Computational cost increases for 3D or large images. 

 

10. Conclusion 

Convex Hull and Distance Transform are vital for understanding spatial geometry and image 

structures. They provide the building blocks for higher-level tasks such as object recognition, 

spatial analysis, and path planning. 

Future trends include integration with deep learning models for improved shape analysis and 

real-time spatial reasoning in robotics. 

Both concepts are integral to the computer science curriculum, especially in areas like 

graphics, AI, and digital image processing. 

 



11. References/Further Reading 

1. Gonzalez & Woods, Digital Image Processing, Pearson. 

2. Mark de Berg et al., Computational Geometry: Algorithms and Applications. 

3. OpenCV Documentation: https://docs.opencv.org/ 

4. MATLAB Help Center – Convex Hull & Distance Transform. 

5. IEEE Xplore articles on image segmentation and spatial analysis. 

6. Coursera: Image Processing by Northwestern University. 

 

1. Topic Title 

Medial Axis Transform, Skeletonization/Thinning, and Shape Properties 

 

2. Introduction 

These techniques are fundamental in image processing and computer vision, particularly in 
shape analysis and pattern recognition. 

Importance in the real-world context: 
They enable efficient shape representation, object recognition, and compression by 
preserving geometric and topological features while reducing redundant data. 

Relevance to Computer Science: 
Key in digital image analysis, computer graphics, robotics, and medical imaging. 

 

3. Core Concepts 

꾆 Medial Axis Transform (MAT) 

 A shape descriptor that represents the set of all points having more than one closest point 
on the object boundary. 

 Also known as the symmetry axis of the shape. 

꾆 Skeletonization / Thinning 

 Process of reducing a binary shape to a one-pixel wide representation (skeleton) that 
maintains topology. 

 Thinning is typically a step-by-step erosion technique. 



꾆 Shape Properties 

 Geometric features: Area, perimeter, eccentricity, compactness. 

 Topological features: Connectivity, Euler number, number of holes. 

 Moment invariants: Used for shape recognition regardless of scale/rotation. 

 

4. Techniques & Methodologies 

꾅 Medial Axis Transform (MAT) Steps 

1. Identify boundary pixels of the shape 

2. Compute distances from interior pixels to the nearest boundary 

3. Find ridges in the distance map — these form the medial axis 

꾅 Skeletonization (Zhang-Suen Algorithm Example) 

1. Convert image to binary 

2. Apply iterative rules to remove contour pixels 

3. Stop when no more pixels can be removed without breaking connectivity 

꾅 Shape Property Computation 

 Use regionprops (in MATLAB or skimage) to extract properties like area, centroid, 
orientation, etc. 

 

5. Use-Cases 

Industry Description 

Healthcare Analyze cell morphology or vascular structures in medical images 

Manufacturing Inspect mechanical parts for defects using skeleton representation 

Robotics Shape-based navigation using skeletal paths for object avoidance 

Cartography River and road simplification using medial axes 

 

6. Applications 



 Software Tools: 

o MATLAB Image Processing Toolbox 

o Python scikit-image, OpenCV 

o ITK-SNAP for medical image skeletonization 

 Frameworks: 

o OpenCV (cv2.ximgproc.thinning) 

o skimage.morphology.skeletonize 

o MATLAB’s bwmorph('skel') 

 

7. Advantages 

 Retains topological structure 

 Reduces storage without losing essential shape info 

 Enhances shape comparison and recognition accuracy 

 

8. Comparison with Contemporary Techniques 

Feature Skeletonization Contour Extraction 

Output 1-pixel-wide centerline Boundary pixel sequence 

Data Compression High Medium 

Shape Detail Preserves inner structure Focuses on outer edge 

Used In Shape matching, robotics Object detection 

 

9. Limitations/Challenges 

 Sensitive to noise in the image 

 Skeletons can be overly complex for irregular shapes 

 Computing MAT is computationally expensive 

 Disconnected skeletons if preprocessing isn't optimal 



 

10. Conclusion 

Medial Axis Transform and Skeletonization offer powerful tools for shape analysis by 

simplifying complex structures into meaningful representations. Future trends include real-

time skeleton extraction in video streams and integration with deep learning for hybrid shape 

recognition. This topic ties into courses on image processing, pattern recognition, and AI. 

 

11. References/Further Reading 

 Blum, H. (1967). A transformation for extracting new descriptors of shape. 

 Gonzalez & Woods. Digital Image Processing, Pearson. 

 Python scikit-image: https://scikit-image.org 

 OpenCV Documentation: https://docs.opencv.org 

 Research Paper: Lee et al., Thinning Methodologies – A Comprehensive Survey, IEEE 
Transactions. 

1. Topic Title 

Image Registration: Mono-modal vs Multimodal, Global vs Local, Transforms and 
Similarity Measures 

 

2. Introduction 

Image registration is the process of aligning two or more images of the same scene taken at 
different times, from different viewpoints, or by different sensors. It is essential in fields such 
as medical imaging, remote sensing, and computer vision. 

Importance: 

 Enables comparative analysis between multiple images. 

 Crucial for fusion of multimodal data (e.g., CT-MRI). 

Relevance to CSE: 

 Used in computer vision, AI diagnostics, robotics, and augmented reality systems. 

 



3. Core Concepts 

Key Terminologies: 

 Mono-modal Registration: Images captured by the same type of sensor. 

 Multimodal Registration: Images from different modalities (e.g., MRI and PET). 

 Global Registration: Aligns the entire image uniformly. 

 Local Registration: Applies different transformations to image sub-regions. 

Fundamental Principles: 

 Geometric Transformation: Alters position/scale/rotation. 

 Similarity Measures: Quantify image alignment (e.g., SSD, MI). 

 Optimization: Minimizes dissimilarity between registered images. 

 

4. Techniques & Methodologies 

Step-by-step Process: 

1. Feature Detection: Identify key points in images. 

2. Feature Matching: Match points between images. 

3. Transformation Estimation: Calculate parameters for alignment. 

4. Image Resampling: Apply transformation. 

5. Evaluation: Measure alignment using similarity metrics. 

Transform Types: 

 Rigid: Rotation + translation 

 Affine: Adds scaling and shearing 

 Non-Rigid (Deformable): Local transformations 

Similarity Measures: 

 SSD (Sum of Squared Differences): For mono-modal 

 NCC (Normalized Cross Correlation): For mono-modal 

 MI (Mutual Information): Best for multimodal 

Diagram (suggested for inclusion): 



 A flowchart from "Input Images" → "Feature Matching" → "Transformation" → 
"Aligned Image" 

 

5. Use-Cases 

Industry Description 

Healthcare Align MRI and CT for improved diagnostics 

Satellite Imaging Combine images for land change detection 

Augmented Reality Register virtual objects on real scenes 

 

6. Applications 

 Medical Tools: Elastix, ITK-SNAP, ANTs (Advanced Normalization Tools) 

 Remote Sensing: QGIS, ENVI 

 Open-source Libraries: OpenCV, SimpleITK, scikit-image, Elastix 

 

7. Advantages 

 Improved Accuracy: Especially in multimodal analysis 

 Automation: Can be integrated into ML pipelines 

 Flexibility: Supports rigid and non-rigid transformations 

 

8. Comparison with Contemporary Techniques 

Feature Traditional Registration Deep Learning-based Registration 

Accuracy High (with preprocessing) High (with large datasets) 

Data Requirement Low Very High 

Speed Moderate Fast (after training) 

Example Elastix, ITK VoxelMorph (DL-based) 

 



9. Limitations/Challenges 

 High computational cost for large datasets 

 Difficulty in handling non-rigid deformations 

 Sensitive to noise in multimodal data 

 Requires good initial alignment in many cases 

 

10. Conclusion 

Image registration is a vital process in various domains requiring accurate alignment of 

visual data. With evolving techniques like deep learning-based registration, the field 

continues to advance. It integrates computer vision, optimization, and AI, making it a key 

topic in modern computer science education. 

 

11. References/Further Reading 

 Zitová, B., & Flusser, J. (2003). Image registration methods: a survey. Image and vision 
computing. 

 Maintz, J. B. A., & Viergever, M. A. (1998). A survey of medical image registration. 
Medical image analysis. 

 OpenCV documentation: https://docs.opencv.org/ 

 VoxelMorph: https://github.com/voxelmorph/voxelmorph 

 SimpleITK Guide: https://simpleitk.readthedocs.io/ 

1. Topic Title 

Intensity/Pixel Interpolation in Digital Image Processing 

 

2. Introduction 

Overview: 
Pixel or intensity interpolation is a technique used to estimate unknown pixel values in digital 
images. It plays a vital role when resizing, rotating, transforming, or reconstructing images 
from partial or sampled data. 



Importance in the Real-World: 
Interpolating pixel values is essential in applications like image scaling, medical imaging, 
satellite image processing, and augmented reality. 

Relevance to Computer Science: 
It connects image processing, computer vision, and graphics, with a focus on mathematical 
and algorithmic image manipulation. 

 

3. Core Concepts 

Key Definitions: 

 Interpolation: Estimating intermediate values between two known values. 

 Pixel Interpolation: Estimating intensity (color or brightness) at non-integer pixel 
coordinates. 

 Intensity: The grayscale or color value at a specific pixel. 

Fundamental Principles: 

 Assumes spatial correlation between neighboring pixel values. 

 Based on mathematical models like linearity and polynomial approximation. 

Common Models: 

 Nearest Neighbor Interpolation 

 Bilinear Interpolation 

 Bicubic Interpolation 

 Spline-based Interpolation 

 

4. Techniques & Methodologies 

Nearest Neighbor Interpolation 

 Assigns the value of the nearest pixel. 

 Fast but may introduce jagged edges. 

Bilinear Interpolation 

 Uses linear interpolation in two directions. 

 Formula: 



f(x,y)=(1−a)(1−b)f(i,j)+a(1−b)f(i+1,j)+(1−a)bf(i,j+1)+abf(i+1,j+1)f(x, y) = (1 - a)(1 - b)f(i, j) 
+ a(1 - b)f(i+1, j) + (1 - a)bf(i, j+1) + abf(i+1, 
j+1)f(x,y)=(1−a)(1−b)f(i,j)+a(1−b)f(i+1,j)+(1−a)bf(i,j+1)+abf(i+1,j+1)  

Where a=x−ia = x - ia=x−i, b=y−jb = y - jb=y−j 

Bicubic Interpolation 

 Uses 16 pixels (4x4 grid) to estimate the value. 

 Smoother than bilinear. 

Spline Interpolation 

 Based on polynomial splines; used when smoothness is crucial (e.g., medical imaging). 

(Add diagram if needed, e.g., grid showing bilinear interpolation) 

 

5. Use-Cases 

Industry Description 

Healthcare Enhancing and rescaling CT or MRI images 

Geospatial Analysis Satellite image upscaling and geo-referencing 

Augmented Reality Smooth rendering of virtual objects on real scenes 

Gaming Scaling game textures with high quality 

Digital Photography Image resizing and correction 

 

6. Applications 

 OpenCV: Functions like cv2.resize() implement multiple interpolation techniques. 

 MATLAB: interp2, imresize functions support bilinear, bicubic methods. 

 PIL (Python Imaging Library): Used in Python image resizing. 

 Photoshop and GIMP: Use interpolation in scaling and transforming images. 

 

7. Advantages 



Feature Benefit 

Flexibility Multiple methods for varying use-cases 

Efficiency Fast methods like nearest neighbor available 

Quality Control Bicubic and spline offer high-quality resampling 

 

8. Comparison with Contemporary Techniques 

Feature Nearest Neighbor Bilinear Bicubic 

Accuracy Low Moderate High 

Speed High Moderate Low 

Visual Quality Pixelated Smooth Very Smooth 

Computation Simple Moderate Complex 

 

9. Limitations/Challenges 

 Nearest Neighbor: Produces aliasing, jagged images. 

 Bilinear: Can blur sharp edges. 

 Bicubic: Computationally expensive. 

 Spline Methods: May oversmooth or introduce artifacts. 

 

10. Conclusion 

 Summary: Pixel interpolation is a core technique in image processing to estimate 
unknown intensity values, especially in geometric transformations. 

 Trends: Deep learning-based interpolation (like Super-Resolution GANs) is replacing 
traditional methods in some domains. 

 Integration in Curriculum: Taught in digital image processing, graphics, and computer 
vision modules. 

 



11. References/Further Reading 

1. Rafael C. Gonzalez, Richard E. Woods, Digital Image Processing, Pearson Education. 

2. OpenCV Documentation – https://docs.opencv.org/ 

3. MATLAB Image Processing Toolbox – 
https://www.mathworks.com/products/image.html 

4. Wikipedia – Image Scaling 

5. Research paper: Keys, R. "Cubic Convolution Interpolation for Digital Image 
Processing", IEEE Transactions on Acoustics, Speech, and Signal Processing, 1981. 

 

 

Unit 5 
1. Topic Title 

Colour Image Processing: Fundamentals of RGB, CMY, HSI, YCbCr, Lab Models; False 
Colour; Pseudo Colour 

 

2. Introduction 

Colour image processing involves the manipulation of digital images that contain colour 

information. It is vital in fields like computer vision, medical imaging, satellite imaging, and 

digital photography. Colour provides significant additional information over grayscale and helps 

in better object recognition, segmentation, and visualization. 

In computer science, colour models are mathematical models describing the way colours can be 

represented as tuples of numbers, typically as three or four values or colour components. 

 

3. Core Concepts 

Key Terminologies: 

 Colour Model: A method for specifying colours in a standard way. 



 False Colour: Representation where colours are assigned to features not visible to the 

human eye. 

 Pseudo Colour: Technique that assigns colour to grayscale images to enhance visual 

interpretation. 

Fundamental Colour Models: 

1. RGB (Red, Green, Blue): 
o Additive model used in monitors, cameras, and digital displays. 
o Each pixel is a combination of R, G, and B components (0–255 range). 

2. CMY (Cyan, Magenta, Yellow): 
o Subtractive model used in printing. 
o Derived from RGB: 

C = 1 - R, M = 1 - G, Y = 1 - B 
3. HSI (Hue, Saturation, Intensity): 

o Mimics human perception of colour. 
o Hue defines colour type, saturation its purity, and intensity its brightness. 

4. YCbCr: 
o Luminance (Y) and Chrominance (Cb, Cr) used in video compression (JPEG, 

MPEG). 
o Y = brightness; Cb, Cr = blue and red colour differences. 

5. Lab (CIELAB): 
o Perceptually uniform colour space. 
o L = lightness, a = green–red component, b = blue–yellow component. 

 

4. Techniques & Methodologies 

 Conversion Algorithms: 
o RGB ↔ HSI 
o RGB ↔ YCbCr 
o RGB ↔ Lab 

 False Colour Generation: 
o Assign colours to grayscale image bands (e.g., infrared, visible light) for 

interpretation. 
 Pseudo Colour Processing: 

o Map intensity ranges to specific colours to highlight image features. 

Diagram: (to be added manually if required — you can use flowcharts showing RGB to HSI or 
YCbCr conversion) 

 



5. Use-Cases 

Industry Description 

Remote Sensing False colour satellite images to monitor crops 

Medical Imaging Pseudo colour used in thermography 

Surveillance Night vision enhancement using false colour 

Printing CMY/CMYK model used in ink-based printers 

 

6. Applications 

 Adobe Photoshop – Supports multiple colour models for editing 
 OpenCV – Python library for image processing with conversion between colour spaces 
 MATLAB – Image processing toolbox with colour mapping support 
 ImageJ – For biomedical image analysis using pseudo colour 

 

7. Advantages 

 Enhanced visualization and interpretation 
 Better compression with YCbCr (JPEG/MPEG) 
 Device-specific adaptation (RGB for display, CMY for print) 
 Human-friendly analysis using HSI and Lab 

 

8. Comparison with Contemporary Techniques 

Feature RGB HSI Lab 

Intuitive for Humans  膆 膆 

Device Dependent 膆   

Compression Utility   膆 

Printing Usability   膆 (via CMY mapping) 

 



9. Limitations/Challenges 

 RGB is not perceptually uniform 
 Converting between models may introduce computational complexity 
 CMY doesn’t represent black accurately; CMYK is needed 
 Lab is complex and not device-friendly 
 False/Pseudo colouring may mislead if interpreted without context 

 

10. Conclusion 

Colour image processing enables improved analysis, segmentation, and visualization of images 

across multiple industries. Understanding different colour models allows for selecting 

appropriate representations based on use-case. Future trends include perceptually optimized 

models for AI and real-time adaptive model switching in video processing. This topic integrates 

with CSE curriculum areas such as computer vision, digital image processing, and AI. 

 

11. References/Further Reading 

 Gonzalez & Woods, Digital Image Processing 
 OpenCV Documentation: https://docs.opencv.org 
 IEEE Transactions on Image Processing 
 MATLAB Colour Spaces: https://www.mathworks.com/help/images/color-space-

conversion.html 
 CIE Lab Colour Model – CIE Standards 

1. Topic Title 

Image Processing: Enhancement and Segmentation 

 

2. Introduction 

Image enhancement and segmentation are two foundational operations in the field of digital 

image processing. 

Importance in Real-World Context: 

Enhancement improves image quality for better visual interpretation, while segmentation 



simplifies the image by partitioning it into meaningful regions, making it easier for analysis and 

automated processing. 

Relevance to Computer Science: 

These techniques are essential in computer vision, pattern recognition, and machine learning 

tasks, enabling systems to extract useful information from visual data. 

 

3. Core Concepts 

Image Enhancement 

 Definition: The process of improving the visual appearance of an image or converting 

the image to a form better suited for analysis. 

 Key Terminologies: Contrast stretching, histogram equalization, noise reduction, 

filtering. 

 Principle: Modify pixel intensity values to highlight specific features or suppress noise. 

Image Segmentation 

 Definition: Partitioning an image into segments or regions based on certain criteria such 

as color, intensity, or texture. 

 Key Terminologies: Thresholding, edge detection, region growing, clustering. 

 Principle: Identify and isolate regions of interest (ROI) within an image for further 

processing. 

 

4. Techniques & Methodologies 

Image Enhancement Techniques: 

 Histogram Equalization: Spreads intensity values uniformly. 

 Filtering Techniques: Smoothing (mean/median filters) and sharpening (Laplacian 

filter). 



 Contrast Adjustment: Adjusting brightness and contrast for visibility. 

Image Segmentation Techniques: 

 Thresholding: Separating objects based on intensity (global, adaptive). 

 Edge Detection: Identifying object boundaries using operators (Sobel, Canny). 

 Region-Based Segmentation: Region growing and splitting/merging. 

 Clustering Algorithms: K-means, Mean shift. 

(Insert diagram: Flowchart of enhancement followed by segmentation in a preprocessing 

pipeline.) 

 

5. Use-Cases 

Industry Description 

Healthcare Segmenting organs or tumors from MRI/CT scans 

Autonomous Vehicles Enhancing and identifying road signs/lane markings 

Agriculture Identifying plant diseases or leaf areas 

Security Enhancing facial images and detecting intruders 

 

6. Applications 

 Software Tools: OpenCV, MATLAB, scikit-image 
 Open-Source Libraries: 

o Enhancement: PIL, ImageMagick 
o Segmentation: U-Net (in TensorFlow/PyTorch), OpenCV's cv2.findContours 

 

 

 



7. Advantages 

Feature Enhancement Segmentation 

Visual Clarity Improves sharply Indirect benefit 

Preprocessing for ML Helps improve accuracy Essential for feature extraction 

Ease of Interpretation Human-readable output Enables object identification 

 

8. Comparison with Contemporary Techniques 

Feature Traditional Segmentation Deep Learning-Based Segmentation 

Accuracy Moderate High (e.g., U-Net, Mask R-CNN) 

Data Requirement Low High (requires labeled data) 

Computation Time Low High 

Flexibility Rule-based, rigid Learns complex patterns 

 

9. Limitations/Challenges 

 Image enhancement may amplify noise along with features. 
 Segmentation is sensitive to lighting conditions and noise. 
 Thresholding and edge detection may not generalize across images. 
 Deep learning methods require large annotated datasets and high computational power. 

 

10. Conclusion 

Enhancement and segmentation are critical preprocessing steps in image analysis workflows. 

They serve both human visual interpretation and automated computer vision systems. While 

classical methods remain relevant, advanced AI techniques are making these processes more 

adaptive and intelligent. 

Future Trends: 

 Integration with AI for adaptive enhancement 



 Real-time segmentation using lightweight neural networks 

 Fusion with multi-modal data (e.g., LiDAR + image) 

CSE Curriculum Relevance: 

Core to subjects like Computer Vision, Artificial Intelligence, Digital Image Processing, and 

Machine Learning. 

 

11. References/Further Reading 

 Gonzalez & Woods, "Digital Image Processing", Pearson Education 
 OpenCV Documentation: https://docs.opencv.org/ 
 scikit-image Library: https://scikit-image.org/ 
 IEEE Xplore: Articles on U-Net and deep segmentation models 
 Coursera: “Image Processing” by Northwestern University 

1. Topic Title 

Morphological Filtering Basics: Dilation and Erosion Operators 

 

2. Introduction 

Overview: 

Morphological filtering is a collection of non-linear operations related to the shape or 

morphology of features in an image. It is primarily applied to binary and grayscale images to 

analyze their geometrical structure. 

Real-world Importance: 

These operations are extensively used in image preprocessing to enhance or extract structural 

elements like edges, boundaries, or shapes. 

Relevance to Computer Science: 

Morphological filtering plays a vital role in areas such as computer vision, digital image 

processing, medical imaging, and pattern recognition. 

 



3. Core Concepts 

Key Terminologies: 

 Structuring Element (SE): A matrix used to probe and interact with the input image. 

 Dilation: Expands the boundaries of foreground (white) regions. 

 Erosion: Shrinks the foreground regions, removing small-scale noise. 

Fundamental Principles: 

 Morphological operations depend on the relative ordering of pixel values rather than their 

numerical values. 

 They are particularly useful for noise removal, shape simplification, and object 

separation. 

 

4. Techniques & Methodologies 

Dilation (⊕): 
Adds pixels to object boundaries. 
Mathematical expression: 

A⊕B={z∣(B)z∩A≠∅}A \oplus B = \{ z \mid (B)_z \cap A \neq \emptyset \}A⊕B={z∣(B)z
∩A=∅}  

Where AAA is the input image and BBB is the structuring element. 

Erosion (⊖): 
Removes pixels on object boundaries. 
Mathematical expression: 

A⊖B={z∣(B)z⊆A}A \ominus B = \{ z \mid (B)_z \subseteq A \}A⊖B={z∣(B)z⊆A}  

Flowchart: 

mathematica 
CopyEdit 
Original Image → Choose Structuring Element → Apply Dilation or Erosion → Output Image 

 



5. Use-Cases 

Industry/Application Area Description 

Healthcare Enhancing microscopic images for medical diagnosis 

Surveillance Detecting and refining object boundaries 

Robotics Shape recognition and environment understanding 

Document Processing Character segmentation and line extraction 

 

6. Applications 

 OpenCV – Offers built-in functions like cv2.dilate() and cv2.erode() 
 MATLAB Image Processing Toolbox – Functions like imdilate and imerode 
 Scikit-image (Python) – Includes morphological tools for advanced filtering 

 

7. Advantages 

 Simple to implement and interpret 
 Effective in noise removal and gap bridging 
 Preserves the geometrical structure of objects 

 

8. Comparison with Contemporary Techniques 

Feature Morphological Filtering Gaussian Filtering 

Edge Preservation High Low 

Computational Cost Low Moderate 

Type Non-linear Linear 

Application Type Shape-based filtering Intensity smoothing 

 

9. Limitations/Challenges 

 Not ideal for complex textures 



 Sensitive to structuring element shape and size 
 Limited to local transformations 

 

10. Conclusion 

Morphological operations like dilation and erosion are foundational tools in image processing 

that allow structural analysis of binary and grayscale images. While simple, they are powerful in 

tasks such as denoising, boundary detection, and shape manipulation. Ongoing research explores 

hybrid methods combining morphology with deep learning for enhanced performance in 

complex scenarios. 

 

11. References/Further Reading 

 R. Gonzalez and R. Woods, Digital Image Processing, Pearson. 
 OpenCV Documentation: https://docs.opencv.org 
 MATLAB Documentation: https://www.mathworks.com/help/images/ 
 Scikit-Image Library: https://scikit-image.org/ 
 IEEE Xplore Articles on Morphological Image Processing 

1. Topic Title 

Top Hat Filters: Enhancing Image Features Using Morphological Operations 

 

2. Introduction 

Top Hat Filters are powerful tools in the domain of digital image processing, specifically used 

for feature enhancement and background equalization. Based on mathematical 

morphology, these filters are particularly useful for identifying small, bright structures on a dark 

background. 

Importance in Real-World Context: 

 Enhances subtle features that may be hidden by background illumination. 

 Used in fields like medical imaging, document analysis, and quality inspection. 



Relevance to Computer Science: 

 Widely used in image processing and computer vision applications. 

 Integrated into libraries such as OpenCV and MATLAB. 

 

3. Core Concepts 

Definitions: 

 Top Hat Filter: The difference between the original image and its morphologically 

opened version. 

 Opening Operation: Erosion followed by dilation; removes small objects or noise. 

Formula: 

Top Hat Image=Original Image−(Image∘Structuring Element)\text{Top Hat Image} = 
\text{Original Image} - (\text{Image} \circ \text{Structuring 
Element})Top Hat Image=Original Image−(Image∘Structuring Element)  

where ∘\circ∘ denotes morphological opening. 

Key Terminologies: 

 Structuring Element (SE): A shape used to probe the image, often a square or disk. 
 Morphology: A technique for extracting image components useful for representation and 

description. 

 

4. Techniques & Methodologies 

Step-by-Step Process: 

1. Input Image: Grayscale or binary image. 
2. Apply Morphological Opening: Smooth background by removing bright noise. 
3. Subtract Opened Image from Original: Highlights regions removed by the opening. 
4. Result: Image with enhanced small bright features. 

Flowchart: 

mathematica 



CopyEdit 
Original Image 
      ↓ 
Morphological Opening 
      ↓ 
Subtract Opened Image from Original 
      ↓ 
Result: Top Hat Image (Enhanced Bright Features) 

 

5. Use-Cases 

Industry/Application Area Description 

Medical Imaging Enhance blood vessels in X-ray or retinal scans 

Document Analysis Improve readability by removing uneven lighting 

Manufacturing Detect defects or small scratches in metal parts 

 

6. Applications 

 OpenCV: cv2.morphologyEx(img, cv2.MORPH_TOPHAT, kernel) 
 MATLAB: imtophat(image, SE) 
 Scikit-image: white_tophat(image, selem) 

 

7. Advantages 

 Efficient for highlighting small details. 
 Simple to implement using standard morphological operations. 
 Can be customized using different structuring elements. 

 

8. Comparison with Contemporary Techniques 

Feature Top Hat Filter Gaussian High-Pass Filter 

Purpose Emphasize small bright objects Emphasize edges and noise 

Morphological Yes No 

Parameter Structuring element shape Sigma of Gaussian kernel 



Feature Top Hat Filter Gaussian High-Pass Filter 

Noise Robust Yes (to an extent) Moderate 

 

9. Limitations/Challenges 

 Performance highly depends on the choice of structuring element. 

 Not suitable for enhancing dark features (use Black Hat Filter instead). 

 Can over-enhance noise if not preprocessed properly. 

 

10. Conclusion 

Top Hat Filters are valuable image enhancement tools based on morphological operations, 

particularly suited for highlighting small bright features in an image. Their application in fields 

like medical diagnostics and quality control showcases their real-world impact. With ongoing 

advances in image processing and AI, these filters remain a core concept in computer vision. 

 

11. References/Further Reading 

 Gonzalez and Woods, Digital Image Processing, 4th Edition. 
 OpenCV Documentation: https://docs.opencv.org/ 
 MATLAB Morphological Operations: https://www.mathworks.com/help/images/ 
 IEEE Xplore: Papers on morphological filters in medical imaging. 

 

 

 

 

 

 

 



 

 

 


