
Digital Image Processing

Image Segmentation
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Fundamentals

► Let R represent the entire spatial region occupied by an 
image. Image segmentation is a process that partitions R 
into n sub-regions, R1, R2, …, Rn, such that

    

Q

Q

Q is a compound stmt like “average intensity of the 
region is less than m and standard deviation of their 
intensity is Greater than s”.
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Background

► First-order derivative

► Second-order derivative



* 5

Characteristics of First and Second Order 
Derivatives

► First-order derivatives generally produce thicker edges in 
image

► Second-order derivatives have a stronger response to fine 
detail, such as thin lines, isolated points, and noise

► The sign of the second derivative can be used to determine 
whether a transition into an edge is from light to dark or 
dark to light.

► This isotropic (rotation invariant) filter
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Detection of  Points in 2-D space

► The Laplacian 0 1 0
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Detecting Line in Specified Directions

► Let R1, R2, R3, and R4 denote the responses of the masks. 
If, at a given point in the image, |Rk|>|Rj|, for all j≠k, that 
point is said to be more likely associated with a line in the 
direction of mask k.

Line Detection :Second derivatives to result in a stronger response 
and to produce thinner lines than first derivatives



* 8

Edge Detection

► Edges are pixels where the brightness function changes 
abruptly

► Edge models (Step edge, Ramp edge, roof edge model)
    



* 9

Basic Edge Detection by Using First-Order 
Derivative
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Basic Edge Detection by Using First-Order 
Derivative
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Edge Linking and Boundary Detection

► Edge detection typically is followed by linking algorithms 
designed to assemble edge pixels into meaningful edges 
and/or region boundaries

► Three approaches to edge linking
    Local processing
    Regional processing
    Global processing
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Local Processing

► Analyze the characteristics of pixels in a small 
neighborhood about every point (x,y) that has been 
declared an edge point 

► All points that similar according to predefined criteria are 
linked, forming an edge of pixels.

   Establishing similarity: (1) the strength (magnitude) and (2) 
the direction of the gradient vector. 

    A pixel with coordinates (s,t) in Sxy is linked to the pixel at 
(x,y) if both magnitude and direction criteria are satisfied.
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Local Processing
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Local Processing: Steps (1)

1. Compute the gradient magnitude and angle arrays, 
M(x,y) and            , of the input image f(x,y)

2. Form a binary image, g, whose value at any pair of 
coordinates (x,y) is given by
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Local Processing: Steps (2)

3. Scan the rows of g and fill (set to 1) all gaps (sets of 0s) 
in each row that do not exceed a specified length, K.

4. To detect gaps in any other direction, rotate g by this 
angle and apply the horizontal scanning procedure in 
step 3.
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Thresholding
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The Role of Noise in Image Thresholding
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Basic Global Thresholding

1. Select an initial estimate for the global threshold, T.
2. Segment the image using T. It will produce two groups of pixels: G1 

consisting of all pixels with intensity values > T and G2 consisting of 
pixels with values     T.

3. Compute the average intensity values m1 and m2 for the pixels in 
G1 and G2, respectively.

4. Compute a new threshold value.

5. Repeat Steps 2 through 4 until the difference between values of T in 
successive iterations is smaller than a predefined parameter       .  
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Using Image Smoothing to Improve Global Thresholding
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Variable Thresholding Based on Local Image 
Properties
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a=30
b=1.5

mxy = mG 
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Region-Based Segmentation

► Region Growing 

1. Region growing is a procedure that groups pixels or subregions into 
larger regions. 

2. The simplest of these approaches is pixel aggregation, which starts 
with a set of “seed” points and from these grows regions by 
appending to each seed points those neighboring pixels that have 
similar properties (such as gray level, texture, color, shape).

3. Region growing based techniques are better than the edge-based 
techniques in noisy images where edges are difficult to detect. 
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Region-Based Segmentation

   Example: Region Growing based on 8-connectivity 
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Region Growing based on 8-connectivity
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Example



* 32

4-connectivity
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8-connectivity
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Region Splitting and Merging
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Thank You


