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Recap
Steps in Seed Segmentation

1. Compute and smooth image histogram.
2. Detect good peaks and set thresholds
3. Apply connected component algorithm.
4. Merge small regions, split big regions
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Recap
Region Growing Approaches

Region splitting and merging
– Region similarity function

Phagocyte algorithm (boundary melting)
– Compute intensity similarity between all the pixels 

of regions
Likelihood ratio test
– Two hypothesis:  ∃ one region, ∃ two regions
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Recap
Region Adjacency Graph
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Geometric Properties of Regions
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Region Properties

Area
Centroid
Moments
Perimeter
Compactness
Orientation ),( yxB
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Area

Number of pixels inside a region
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Centroid

Center of mass
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Moments

Continuous

Discrete 

dxdyyxByxm qpi
pq ),(∫ ∫= ith moment
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Uniqueness Theorem

The double moment sequence {mpq} is 
uniquely determined by B(x,y) and conversely 
B(x,y) is uniquely determined by {mpq}
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“Central” Moments

Translation invariant
– If same region appears in different places in the 

image its central moments are same

)()(),()()( yydxxdyxByyxx qp
pq −−−−= ∫ ∫µ

Region centroid
Central phrase comes from centroid
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Central Moments
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Hu Moments

Translation, rotation, scaling invariant

)()(),()()( yydxxdyxByyxx qp
pq −−−−= ∫ ∫µ
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Example

mirror mirror, scale, rotate 45°

scale scale, rotate 2°

original image
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Example
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Perimeter and Compactness

Perimeter: Sum of pixels on the boundary of 
region

Compactness
– Circle is the most compact
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area
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Region Orientation

Axis of 2nd moment
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Region Orientation

0cossin =+− ρθθ yx
line equation

)cos,sin( θρθρ−
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( ) θθρ

θθρ
sincos
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dxdyyxBrE ),(2∫∫=Minimize
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Region Orientation

2
0

2
0

2 )()( yyxxr −+−=

• Substituting (x0,y0) in r2

• Differentiating w.r.t. s
• Setting it to 0

θθ sincos yxs +=
• Substituting s in (x0,y0)

22 )cossin( ρθθ +−= yxr
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Region Orientation

dxdyyxByxE ),()cossin( 2∫∫ +−= ρθθ

22 )cossin( ρθθ +−= yxr

dxdyyxBrE ),(2∫∫=

take derivative wrt ρ and equating it to 0

0)cossin( =+− ρθθ yxA where ),( yx is centroid

Using yyyxxx −=′−=′   , we have θθθθ 22 coscossinsin cbaE +−=

θθ 2sin
2
12cos)(

2
1)(

2
1 bcacaE −−−+=or

ydxdyxBycydxdyxByxbydxdyxBxa ′′′=′′′′=′′′= ∫∫∫∫∫∫ ),(,),(,),( 22where
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Region Orientation

θθ 2sin
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take derivative wrt θ and equating it to 0
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Example
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Find: area, centroid, moments, compactness, perimeter, orientation
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MidTerm

October 5


