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Outline

• Review: Steger’s line/curve detection algorithm

• Intensity thresholding based image segmentation

• A brief introduction to ITK

• Image segmentation performance evaluation
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Steger’s Curve Detection Algorithm (I)
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• Step 1: Identify maximal line 
width. Convolve image with 
a Gaussian kernel whose 
size satisfies:
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• Step 2: For each pixel, calculate the direction (nx, ny) with 
the maximal second directional derivative, which is the 
eigenvector corresponding to the largest eigenvalue of 
the Hessian matrix.
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Steger’s Curve Detection Algorithm (II)

2 2

2

2 2

2

f f
x x y

Hf
f y

y x y

  
    
  
 
   



• Step 3: Calculate the first and second directional derivative

• Step 4: Determine location of the local intensity maximum
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Steger’s Curve Detection Algorithm (III)
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• Step 5: Test whether it is a center line point

• Step 6: Link individual center line pixels into a line/curve
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Steger’s Curve Detection Algorithm (IV)
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Steger’s Line Detection Algorithm (V)

• Step 7: Correct for intensity imbalance if necessary
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Overview: Image Segmentation (I)
• Definition 

Segmentation is the process of separating objects 
from background (Snyder & Qi in “Machine Vision)

Segmentation is the partitioning of a dataset into 
continuous regions (or volumes) whose member 
elements have common, cohesive properties (Yoo in 
"Insight into Images").

Image segmentation is the task of finding groups of 
pixels that “go together” (Szeliski in “Computer 
Vision”). 

• Segmentation is an essential process in 
bioimage analysis that is critical for many 
subsequent processes such as object 
recognition and shape analysis. 
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Overview: Image Segmentation (II)
• There are many types of segmentation techniques:

- Threshold-based segmentation
- Region-based segmentation
- Boundary/surface-based segmentation
- Motion-based segmentation
- Color-based segmentation
- Others… 

• It is often very useful to combine multiple techniques for 
image segmentation. 

• For bioimage analysis, accuracy in segmentation is 
essential. 
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Thresholding-Based Segmentation (I)
• Revisit the definition

"Segmentation is the partitioning of a dataset into continous 
regions (or volumes) whose member elements have common, 
cohesive properties".

• Intensity is the most frequently used property. 

• Multiple continuous regions of cohesive intensities will 
result in multiple peaks in intensity histogram. 
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Thresholding-Based Segmentation (II)
• Thresholding-based segmentation is usually  among the 

first options to be considered. 
- Simple; can be quite reliable
- Easy to implement.

• There are many refinements to the basic idea that work 
remarkably well. 



Basic Ideas of Thresholding-Based 
Segmentation (I)
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Basic Ideas of Thresholding-Based 
Segmentation (II)
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How to Set Thresholds (I)

• There are several ways to set the thresholds. 
- Using local minima in the intensity histogram.
- Use intensity histogram fitting with a mixture of Gaussians. 

• Example:
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Example Results
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Region Growth After Thresholding 

• Thresholded pixels need to be connected into regions, 
often through recursive region growth.

• Morphological image processing is often required to 
remove noise-related irregularities.  
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How to Set Thresholds (II)

• One way to fit multiple Gaussians

• Determine the number of Gaussians
- Bayesian information criterion (BIC)

Reference: C. Fraley and A. E. Raftery. Model-based clustering, 
discriminant analysis and density estimation. Journal of the 
American Statistical Association, 97:611–631, 2002.

Implementation in R : http://www.stat.washington.edu/mclust/
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How to Set Thresholds (III)

• Discriminant analysis (supervised classification)

• Determine the threshold between two neighboring 
Gaussian
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Introduction to ITK (I)
• Started in 1999 through funding by the National Library 

of Medicine to support the Visible Human Project. 

• Website: http://www.itk.org/

• ITK: insight toolkit
- Open source software package for image registration and 

segmentation

• Language: 55% C++; 25% C; XML 11%; Other 9% (as of 
Feb-27, 2012)



23

Introduction to ITK (II)
• Scale

- Approximately 2.2 million lines of code (as of Feb-27, 2012)
- Initial cost: 718 person years, $39M (as of Feb-27, 2012)

• Current release 4.0 (as of Feb-27-2012)
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Introduction to MAT-ITK
• Website: http://matitk.cs.sfu.ca/
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Evaluation Strategies

• Option 1: using manual segmentations as references.

• Option 2: relative rating by experts.

• Option 3: rating by consensus.
- Consensus may not be accurate.



Evaluation Procedure

• Dataset
- A total of 40 images.
- Images are collected under different settings. 
- Most images are pathologic (i.e. with abnormal shapes).
- Reference segmentations (ground truth) are generated manually.

• Training versus testing
- 20 images are chosen for training.
- 10 images are chosen for testing.
- 10 images are chosen for on-site competition (no considered in 

the paper).  

• Methods: 10 automated, 6 interactive



Evaluation Criterion

• Five criterion

- Volumetric overlap error
- Relative volume difference
- Average symmetric surface distance
- Root mean square surface distance
- Maximum symmetric surface distance

• Scoring
- Trained but inexperienced graders are used to set a base 
score of 75/100. 
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Results
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Questions?


