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Aim: One Method to Segment Different Images



Multiphase Segmentation for Blurry Image
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Problem Setting and Notation




Mumford-Shah Model (1989)
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Mumford-Shah Model (1989)




Finding Good Approximation of M-S Model
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Simplifying Mumford-Shah Model
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Our Motivation
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Alm In Segmentation
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Stage One: Convex Variant of the M-S Model
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Stage One: Lemma 1
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Stage One: Convex Variant of the M-S Model

L B
©©©

Approx.
Thm. 2

@ |




Stage One: Theorem 2 (for 2-phase)
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Stage One: Theorem 2 (for 2-phase)
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Mumford-Shah Model for SBV
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Mumford-Shah Model for Binary Disk

19



Stage One: Convex Variant of the M-S Model
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Stage One: Extension to Blurred Problems
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Stage One: Unique Minimizer
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Stage Two: Thresholding
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Our Two-stage Segmentation Algorithm
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Numerical Aspects: Stage One
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Numerical Aspects: Stage One
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Numerical Aspects: Stage One
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Numerical Aspects: Stage One
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Numerical Aspects: Stage Two

29



Numerical Aspects: Stage Two
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Advantages of the 2-Stage Method

31



Outline

Mumford-Shah Model
Our Two-stage Image Segmentation Method

Experimental Results

a. Two-Phase Segmentation

b. Multi-Phase Segmentation

Extensions to Other Noise Models

Conclusions

32



Anti-mass Image: Stage 1 Solution
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Anti-mass Image: Results Comparison
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Anti-mass Image: Our Results
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Tubular Image: Stage 1 Solution
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Tubular Image: Results Comparison
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Motion Blurred and Noisy Image
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Motion Blurred and Noisy Image
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Segmentation Changes with Threshold
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Convergence History
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Three-phase Segmentation
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Four-phase Segmentation: Noisy image
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Four-phase Segmentation: Noisy and blurry image
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Convergence History
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Real MRI Brain Image with CPU Timing
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Poisson and Multiplicative Gamma Noises
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Two-stage Method:
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3-object Image with Poisson Noise and Motion Blur
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Tree with Gamma Noise with Gaussian Blur
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Boat with Poisson Noise
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Segmentation Changes with Threshold
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Airplane with Multiplicative Gamma Noise
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4-phase under Gamma Noise with Gaussian Blur
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4-phase with Close Intensity under Poisson Noise
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Image with Close and Varying Intensities
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Real MRI Image
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Relationship with Image Restoration
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Relationship with Image Restoration
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ROF + Thresholding = Chan-Vese
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Happy 75" Birthday Bob!
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