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CHAPTER 2

 BLOOD VESSEL DETECTION

The objective of this section is to detect blood vessels in a retinal image. The retinal image is available in an eight-bit portable pixmap (ppm) color format. Each pixel in the image is represented by a triplet of values between 0 and 255 corresponding to the R, G and B color intensities of the pixel. In this section the color retinal image is converted to a binary image in which the high intensity value stands for blood vessel and low intensity value for background. Figure 2.1 gives a block diagram of chapter description. The two stages involved in blood vessel detection are

1. Matched spatial filtering.

2. Piece-wise threshold probing of MSF response.




Fig. 2.1 Block diagram of chapter description.

Matched spatial filtering

The first step in detection of blood vessels is obtaining the response of the retinal image to a special type of filter called the two-dimensional matched spatial filter. This 

method is suggested in [2]. The blood vessels have a special property that the two edges always run parallel to each other. Such objects may be represented by piece-wise directed linear segments of finite width. The gradient directions of these segments are 180 degrees apart and hence are referred to as "anti-parallel". There are three important properties of blood vessels in retinal images that are exploited by the matched spatial filtering method.

1. Blood vessels usually have small curvature, the anti-parallel pairs may be approximated by small piecewise linear segments.

2. Blood vessels have lower reflectance compared to other retinal surfaces, they appear darker relative to the background.

3. Although the width of a vessel decreases as it travels radially outward from optic disk, such a change is a gradual one. The width of the vessels is found to lie within a range of 2-10 pixels.

A two dimensional kernel which would extract maximum response with pixels in blood vessels is developed. The matched filter kernel with an orientation of ( radians will have its peak response only when it is aligned at angle of ( + (/2 with respect to the blood vessel profile. Thus, the filter needs to be rotated for all possible orientation of blood vessels. The corresponding responses of each orientation are compared with each other and the maximum response is considered as the effective matched spatial filter response (MSF response). The MSF response is calculated for every pixel of the retinal image.





The cross section of a blood vessel resembles a two dimensional inverted gaussian curve. We model the vessel using a kernel containing the shape of an inverted gaussian, truncating its infinite trail at u = 
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. Figure 2.2 shows an inverted gaussian. A neighborhood N for the Gaussian curve is defined as 
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, where u,v are the pixel coordinates, ( is the width of the segment (in pixels) and L is the length if the segment (in pixels) . The corresponding weights in the ith kernel are given by
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Different kernels with varying angular orientations are derived from the above basic kernel by multiplying with a rotation matrix of the form,
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Assuming an angular resolution of 15º, twelve different kernels are required to span all possible orientation around 180º. For vessels at different orientations, the kernel has to be rotated accordingly. This procedure reduces the possibility of false detection of blood vessels in a non-ideal environment. Also it suppresses the response due to noise in the background where no blood vessel is present. The weights are scaled and truncated to integer values for faster computation. Figure 2.3 shows MSF kernels for ( = 2.0.


             a. ( = 0(              
      
b. ( = 15(


  c. ( = 45(
Fig. 2.3 Matched spatial kernels with ( = 2.0 for different angular orientations.

Piece-wise threshold probing of MSF response

The second step in blood vessel detection is piece-wise threshold probing. This step accomplishes segmentation of blood vessels from the matched spatial filter response. This method is suggested in [2]. It compliments local blood vessels attributes with region-based attributes of the network structure. A piece of the blood vessel structure is hypothesized by probing an area of the MSF response of the image, iteratively decreasing the threshold. At each iteration, region based attributes of the piece are tested to consider probe continuation, and ultimately to decide if the piece is vessel. Pixels from probes that are not classified as vessels are recycled for further probing. The strength of this approach is that individual pixels are labeled using local and region-based properties. Figure 2.4 outlines the algorithm. The basic operation of the algorithm is to probe regions in a MSF response image. During each probe, a set of criteria is tested to determine the threshold of the probe, and ultimately decide if the area being probed is blood vessel. A queue of points is initialized, each of which will be used for a probe. Upon completion of the probe, if the area is determined to be a vessel, then the endpoints are added to the queue. The initial queue of pixels to be used as starting points are obtained by thresholding the MSF response with a predetermined threshold, Tthresh and thinning it to single pixel wide foreground. This thinned version is segmented at each branch point. 













Endpoints are pixels for which a traverse of the eight bordering pixels in clock-wise direction yields only one foreground-to-background transition. Branch points are pixels for which the same traverse yields more than two transitions. The entire foreground is broken into segments that contain two endpoints each. These endpoints are placed in the queue of pixels used as starting points for probing.

The probe now starts with each pixel in the probe queue. The probe is iterative, the iterations are used to determine an appropriate threshold for the area being probed. In each iteration, a region is grown from the start pixel, using a conditional paint-fill technique. The paint-fill spreads across all connecting pixels that are not already labeled and are above the current threshold. 

Once the paint filling is complete, the grown region is tested for the following attributes,

1. Constraining the size of the region to be between Tmin  and Tmax pixels.

2. Avoid reclassifying a part of an already probed region and to check if the region touches any vessel-classified regions.

3. To check if the probe searches along the border of vessel pixels already segmented, if  
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4. Ensuring there is a minimum span of vessels per branch to avoid over-branching, if  
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If the probed region passes all these tests and it has between Tmin and Tmax pixels it is classified as vessel. The endpoints of this vessel piece are added to the probe queue. If the region fails the test, the region is left unlabeled and probing resumes with the next point in the queue. The algorithm is complete once the probe-queue is empty.

There are five parameters used in this algorithm. They are Tmin, Tmax, Ttree, Tfrimge and Tthresh. The implementation of threshold probing is done for ten sets of the above parameters given by,

Tthresh 
=  5000 + 5000i
Tmin
=  300 - 30i

Tmax
=  1000+1000i

for i  = 0 ,1,2,…, 10

Tfringe
=  0.1 + 0.04i

Ttree
=  300 - 25i   

Figure 2.5 shows output images for nine of the ten sets of parameters of threshold probing. The output images show that as the parameters of threshold probing are varied more pixels are labeled as vessel.
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Fig. 2.5 Binary segmented retinal image obtained for each of the ten sets of parameters 

( set 0-9 ) of threshold probing. The images show that as the parameters reach saturation more pixels get labeled as blood vessel.
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Fig.2.6 A retinal image and its hand labeled binary image.

Evaluation

The results are evaluated by using a hand-labeled image as basis. A hand-labeled image is obtained by manually looking at every pixel of the retinal image and deciding if it is blood vessel or not. Though manual labeling is a very cumbersome process, it is an effective tool for evaluation. The binary-labeled images are evaluated by comparing them with the hand-labeled image. An example hand-labeled image is given in Figure 2.6. We have two sets of hand-labeled images. One was done by Dr. Adam Hoover and the other by Dr. Valentina Kouznetsova. We use the labeling done by Dr. Hoover for our evaluation. Hand labeling of 20 retinal images done by both are available at www.ces.clemson.edu/~ahoover/stare. A quantitative estimate is obtained by calculating two quantities called the true positive rate and false positive rate. The vessel pixel and background pixel counts are first done on the hand-labeled image. A pixel is considered true positive if it is a blood vessel pixel in both the hand-labeled and image to be evaluated. A pixel is considered false positive if it is background pixel in hand-labeled image and vessel pixel in image to be evaluated. The true positive rate is calculated by dividing its count by number of vessel pixels in the hand-labeled image. The false positive rate is calculated by dividing its count by the number of background pixels in the hand-labeled image.

The algorithm is run on 20 retinal images. The true positive and false positive rates are averaged for the 20 retinal images so that each implementation has a true positive and false positive rate associated with it.  A plot of true positive rate versus the false positive rate is obtained. A curve of the plot has ten points one for every threshold probing parameter option. The best method would be the curve that has the least false positive rate for all values of true positive rates.
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Each point in the curve represents how close the blood vessel detection algorithm has come in differentiating blood vessels from background. There is a practical limit to this extent. This is determined by obtaining a second hand labeling in lines with the original hand labeling. The second hand labeling adopts a more lenient approach in determining if an image pixel is blood vessel or not. Therefore the second hand labeling achieves a 90% true positive rate for false positive rate less than 10%. This is taken as the yardstick for measuring the accuracy of the blood vessel detection algorithm.

The performance curve of this method is given in Figure 2.7. The first part of the thesis aims to improve upon this curve by introducing novel improvements. These are explained in detail in Chapter 3.




BINARY SEGMENTATION


( Vessels identified )








MSF RESPONSE


( Likelihood of pixels being vessels )











RETINAL IMAGE


( Raw data )








 


  Threshold probing





chapter 2 ( Piece wise threshold probing )





Review: chapter 2 ( MSF response )


Novel improvements: chapter 3





Spatial filtering





y-coordinates





x-coordinates


Fig 2.2 Inverted gaussian profile.
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Fig. 2.4 Flowchart of threshold probing algorithm.








Fig. 2.7 Performance curve of existing method.
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