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9.6 Gray-scale morphology

f(x, y): Input image
b(x, y): Structuring element (SE) image

Two types of SEs: non-flat and flat

Grey-scale SEs are used infrequenly in practice
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9.6.1 Erosion and dilation

The erosion of f by a flat SE b at (x, y) is defined as the minimum value of
the image in the region coincident with b when the origin of b is at (x, y):

[f ⊖ b](x, y) = min
(s,t)∈b

{f(x + s, y + t)}

The dilation of f by a flat SE b at (x, y) is defined as the maximum value of
the image in the region coincident with b̂ when the origin of b̂ is at (x, y):

[f ⊕ b](x, y) = max
(s,t)∈b

{f(x− s, y − t)}

Note: b̂ = b(−x,−y)

The erosion of f by a nonflat SE bN at (x, y):

[f ⊖ bN ](x, y) = min
(s,t)∈bN

{f (x + s, y + t)− bN(s, t)}

The dilation of f by a nonflat SE bN at (x, y):

[f ⊕ b](x, y) = max
(s,t)∈bN

{f(x− s, y − t) + bN(s, t)}
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Example
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9.6.2 Opening and closing

The opening of f by SE b: f ◦ b = (f ⊖ b)⊕ b

The closing of f by SE b: f • b = (f ⊕ b)⊖ b
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Example
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9.6.3 Some basic gray-scale morphological algorithms

Morphological smoothing Example
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Morphological gradient
g = (f ⊕ b)− (f ⊖ b)

Example
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Top-hat and bottom-hat transformations

That = f − (f ◦ b) Bhat = (f • b)− f

Example
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Granulometry

Granulometry: Field that deals with determining the size distribution of
particles in an image

Algorithm:

(1) Open with structuring elements of increasing size

(2) For each opening, calculate the sum (surface area) of pixel values

(3) Construct array of differences between successive surface areas

(4) Prominent peaks in difference array indicate predominant particle sizes
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Example
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Textural segmentation

Input: Two texture regions

Output: Boundary between the two regions

Algorithm:

(1) Close input image using successively larger SEs. When size(SE) ≈
size(small blobs), blobs are removed

(2) Single opening with SE that is large in relation to separation between
large blobs ; light patches between blobs removed ; light region on
left, dark region on right

(3) Morphological gradient operation ; boundary
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Example
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9.6.4 Gray-scale morphological reconstruction


