Mid-Term Project
Biological Image Segmentation

Due Tuesday November 7th.
This is an opportunity to participate in real research.

Background:

Prof. Howell at CWRU is researching retinal sensing and needs to count the number of rods and cones on the retina of mice.  Unfortunately, the retina is curved making it very difficult to count these sensors.  What is instead being attempted is to cut the optical nerve bundle which connects the retinal sensors to the brain.

Supplied image data:

The image is a microscope image which has been stained to enhance the neural connections (axons).
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ASSIGNMENT

Your assignment is to locate and count the closed bundles in the above sample image (or any other sample).  Additional images are available upon request and are also available from the course Web site.

You may use any technique including color segmentation, edge processing, morphological image processing, or anything else.

A good project will define the limits of the problem.  For example, you might decide to locate only neurons which have particular line widths or shapes.  You might consider using an edge operator to define boundaries coupled with a morphological reconstruction operator to define each nerve. There are many issues such as the lack of contrast and the highly-varied shape of the neurons. 

A short description of the technique that another group is using is attached as Appendix 1.
Your grade will depend upon many factors including how well your technique works, how well you demonstrate that it works, and any citations of the literature. 

INSTRUCTIONS FOR WRITE-UP:

See the course Web site.  Your work must be documented in the form of an IEEE conference paper.

ATTACHMENT 1
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Purpose: To develop an algorithm to perform automated axon counting in normal optic nerves with similar or

better accuracy than that obtained by trained observers (TO) and an existing semi--automated commercial

software package (CSP).

Methods: Images of myelin-stained axons from normal monkey optic nerve cross-sections are captured at 100X using a standard bright field microscope and hand-counted by 4 TOs and by a CSP (BioQuant, Nashville, TN).

The same images are fed to a custom hybrid (raster and vector) algorithm (HA) that, through a series of image

processing operations, separates valid axons from the background. First, a Hessian edge detection filter is

applied to each original image to produce an edge map. The original image and the newly created edge map are

then optimally thresholded using a Fuzzy c-means (FCM) clustering method. The two resultant binary maps are

digitally combined through a binary "OR" operation and further skeletonized and pruned to obtain the outline of

every closed shape (and potential axon) in the map. Once all coordinates are known, a decision tree is applied to

classify each shape based on several parameters that include size, intensity, and shape complexity.

Results: The mean of the 4 TOs axon counts for 6 normal optic nerve cross-section images were compared to the counts by the CSP and the HA. All 6 CSP and 5/6 of the HA counted images were within the 95% confidence interval. On average, the CSP counted 3% less axons whereas the HA counted 3% more axons. To further validate the HA, 362 additional normal optic nerve cross-section images were counted using the CSP and the HA. The results show an R2 of 0.9 with a slope of 1.03 and a mean difference of -17.6 ±40.4 axons out of a mean axon count of 559.2.

Conclusions: The results have shown that our HA is able to accurately classify axons in normal optic nerve cross-section images. By taking the regular threshold binary map one step further and describing each closed skeletonized shape as a set of (Y,Y) coordinates, the algorithm is able to exploit measures such as shape complexity, size, grouping characteristics, etc, to successfully classify each potential axon. The use of the FCM methods to optimally select threshold levels virtually eliminates user intervention making it possible to process large amounts of images and to accurately count 100% of an optic nerve cross-section in a short period of time.
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