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CHAPTER 5

ARTERY/VEIN CLASSIFICATION

Overview of classification algorithm

The second stage of the classification algorithm is the artery/vein classification stage. It concerns with how to classify each vessel segment obtained from the previous section, as an artery or vein. Ophthalmologists use a lot of information about arteries and veins in retinal images, which help them in classification. This knowledge-based information can be formed as rules. Some of these rules that we chose to use in our algorithm are,

1. There are no artery/artery crossings or vein/vein crossings.

2. Veins are generally darker and wider than arteries.

3. Curvature in veins is higher.

4. Veins and Arteries are equal in number.

5. Branches are usually binary.

There is a lot more information that can be used in classification. We chose to look into the number of vessel segments at each junction encountered in the image. Apparently, there can be junctions where three, four and five segments meet; these are called as 3-segment, 4-segment and 5-segment junctions respectively. On applying the knowledge based rules to the vessel segment junctions the following decisions can be made. At a 3-segment junction all segments could be either artery or vein as suggested by rule # 5. At a 4-segment junction the opposite segments would match as suggested by rule # 5. 

Our idea is to develop a classification model that builds on the graph-based approach discussed in the previous chapter. In this model we propose that the information flows through the blood vessel network as the classification progresses. This acts in a way to correct incorrect classification during the intermediate stages. The result of this model would be a tolerably correct classification to which information in the form of rules like rule # 2,3 and 4 can be used to further strengthen it.

Every vessel segment or segment ID (node in the graph) is associated with a belief, which is a real number between -1 and +1. A negative value of belief means that the segment is believed to be vein and a positive value of belief means that the segment is believed to be artery. The values-1 and +1 reflecting firm beliefs that the vessel segments are vein and artery respectively. All values in between are scaled version of our beliefs.

We develop an iterative algorithm in which the beliefs of vessel segments (nodes in the graph) are updated based on decisions made at the junction of vessel segments. The following actions are taken on the decision. If the decision is correct then current belief is made more correct i.e. the value of the belief is brought closer to +1/-1.  If the decision is wrong then one of these options can be taken. Either the value of the belief can be brought closer to zero, which means that the vessel segment is neither believed to be artery nor vein or it can be inverted, i.e. if the current belief is artery then it is converted to vein and vice versa. As the algorithm progresses, we intend that the beliefs propagate through the segments and effect our decision-making. After a certain number of iterations all the beliefs would stabilize and thus be the final classification. Figure 5.1 gives a block diagram of our classification algorithm.
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Fig. 5.1 a.) Block diagram of classification algorithm.








Fig.5.1  b) Steps involved in decision/adjustment.

Initialization

The purpose of initialization is to assign each blood vessel segment (node in the graph) with a belief. There are several properties of arteries and veins that can be used for this purpose. The several schemes of initialization that can be used are random initialization, blood vessel width based initialization and color intensity based initialization. 

In random initialization, nodes are randomly initialized with a belief (either artery or vein). The strength of the belief is 0.5. In blood vessel width based initialization, nodes are assigned beliefs based on the average width of the blood vessel segments. Rule #2 can be used here, according to which veins are wider than arteries. Depending on the average width the value of the belief can be scaled. A similar application of rule #2 with respect to color intensity can be made in color intensity based initialization. 

Belief decision/adjustment

The purpose of belief decision/adjustment is to decide on the current belief of a node based upon the beliefs and identities of its neighboring nodes. In this process the algorithm proceeds to decide if the current belief of a vessel segment is correct. Two decisions are made for a vessel segment, one at each endpoint. The decision at an endpoint depends on whether the endpoint is a 3-segment or 4-segment junction. We concentrated on 3 and 4-segment junctions and didn’t consider the 5-segment junctions for our algorithm as we observed that there were few 5-segment junctions in our retinal images. 

At a 3-segment junction the standard deviation of beliefs of all three vessel segments is calculated. The decision and adjustment is based on this value of standard deviation. If A, B and C are the beliefs of the segments at a 3-segment junction and K1 and K2 are scalars, Figure 5.2 explains how decision/adjustment can be made.










                 Fig. 5.2 Decision and adjustment at a 3-segment junction.

At a 4-segment junction let A0 ,A1 ,A2 and A3 be the beliefs of the blood vessel segments. A0 is the belief of the segment under consideration and A2 is the belief of its match. A1 and A3 are the other two matching blood vessel segments. Decision is based on one of the following three ideas. The first of these ideas is using standard deviation. The standard deviation is calculated by considering the belief of the present vessel segment and its match as such and reversing the signs of the beliefs of other two segments in that junction. 

std_dev = standard deviation(A0,-A1, A2,-A3)

The decision is made by comparing the scaled standard deviation with the current belief of the vessel segment.

The second idea is to use the largest matching set of segments. The largest matching set among the four segments is determined and the current belief is checked if it agrees with the match or is against the match. This is accomplished by calculating the following quantities.

Theory1 = (A0<0 ) + (A1>0) + (A2<0) + (A3>0)

Theory2 = (A0>0 ) + (A1<0) + (A2>0) + (A3<0)

The decision at this 4-segment junction is based on the sign of A0 and a comparison of Theory1 and Theory2. If the current belief A0 agrees with the largest match it is further reinforced by adjusting it closer to +1/-1, otherwise the value A0 is brought closer to zero or its sign is inverted.

Another idea is the magnitude of highest belief of all four segments. The largest magnitude of beliefs dictates how the segments align in that junction. Table 5.1 gives the options available for belief decision and adjustments.

Classification

The purpose of classification is to finally decide if the blood vessel segment is artery or vein based on the value of the belief. The algorithm iterates, updating the values of beliefs of vessel segments in each iteration. After a sufficient number of iterations the beliefs do not change considerably between iterations, they become fairly stabilized. This stage marks the completion of the classification algorithm. Each vessel segment is now classified as artery or vein depending on the sign of its belief. If the belief is negative, the vessel segment is classified as vein and if the belief is positive, the vessel segment is classified as artery.
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                                  Table 5.1 Decision/adjustment scheme.

Algorithm implementation

The algorithm is implemented by visiting every vessel segment in decreasing order of segment ID starting with the ID 254. The nodes are initialized by random initialization. At each vessel segment a couple of decisions are made, one for each endpoint of the vessel segment. The previous section on belief decision/adjustment explains the options available for belief decision and adjustment. The standard deviation is used for decision and adjustment at a 3-segment junction. Standard deviation and largest matching set options are chosen for belief decision at a 4-segment junction. The magnitude of highest belief approach did not yield useful results and thus was discarded. Standard deviation, sinusoidal function and sign inversion options are chosen for adjustment at a 4-segment junction. These adjustments were done to increase or decrease the beliefs. A combination of approaches can be used for decision/adjustment at a 4-segment junction. These are presented in Table 5.1. 






Method evaluation

We employed a preliminary technique to evaluate the results of the classification algorithm. This evaluation is accomplished by counting the number of correct, incorrect and questionable classification at each of the 3-segment and 4-segment junctions in a retinal image. We chose to evaluate the performance of our algorithm at 4-segment junctions. The number of 3-segment junctions in retinal image is very large therefore our evaluation concerns only the 4-segment junctions. A set of ten images in which the classification algorithm operated upon were evaluated. Table 5.2 lists the convention followed for the presentation of results,
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Table 5.2 Sign convention used in presentation of results.

Classification at a 4-segment junction is said to be correct if the blood vessel segments opposite to each other have the same label (either artery or vein). It is incorrect if the labels do not match. There is another case called as questionable, this happens when the label on one or more of the vessel segments at the junction keeps oscillating back and forth between artery and vein. Therefore, we are not able to decide at that particular junction. Proper damping criteria can be developed to convert these results in to correct classification. The results obtained using a standard deviation based decision and adjustment were very poor. There was more incorrect classification than correct ones. So those results are not presented. Figure 5.3 below gives the graphs of correct and incorrect classification on ten retinal images.


Fig. 5.3 Graphs showing evaluation of algorithm at 4-segment junctions on all ten images (value in brackets indicating the total # 4-seg junctions).

Results and discussion

From the results presented it is clear that the best decision making method is based on largest matching set of segments at a junction and the best adjustment method is the standard deviation. The artery/vein classified retinal images are shown in Figure 5.4. The classification algorithm doesn’t work well because of the reasons presented below.

The first reason is that there is looping of segments. The vessel segments sometimes form closed loops. Figure 5.5 shows sections from the thinned image having closed loops. The decisions at the 3-segment and 4-segment junctions in the closed loop may not always go with each other. The information flow for the algorithm is expected to occur in a particular direction for useful classification but the presence of segment loops reverses the info flow. In the example shown the decision at the 4-segment junction would try to give the same label to opposite segments and the decisions at the other 3-segment junctions would do the reverse. This conflict does not allow the beliefs to stabilize and reach a solution as the algorithm proceeds and may eventually force it to settle for an incorrect solution.
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Fig. 5.4 a) Artery Vein classified retinal images. The darker vessels are veins and the lighter vessels are arteries
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Fig. 5.4 b) Artery Vein classified retinal images. The darker vessels are veins and the lighter vessels are arteries

                      [image: image3.png]


                   [image: image4.png]


 

Fig. 5.5 Magnified sections of thinned image showing presence of vessel segment loops.

The second reason is the reversal of belief due to conflicting adjustments at each endpoint. The classification algorithm, in an ideal sense, should proceed in such a way that the decision made at one endpoint of a vessel segment should be reinforced by the decision at the other endpoint. This does not always happen, as the decisions at the two endpoints may not agree. The algorithm proceeds by visiting the two endpoints of every vessel segment. Therefore, after the completion of a number of iterations no useful progress in the way of classification would have been made as the decision made at one endpoint is immediately negated at the other.

The third reason is equal influence of all vessel segments in the decision. A terminal or leaf vessel segment is one, which is connected at only one endpoint its other endpoint does not have any links. An intermediate or branch vessel segment is one, which is connected at both endpoints. The decision and adjustment formulae do not differentiate between terminal and intermediate vessel segments at a junction. Both of them are treated with equal weighting. For an efficient classification we would want the Intermediate vessel segment to dominate in the decision than the Terminal vessel segment i.e. the terminal vessel segment would agree to whatever decision is made at the junction. The information flow (belief propagation in the graph)is reinforced by this. Therefore, a proper weighting strategy should be adopted in the decision and adjustment formulae.

The fourth reason is misguiding initialization. In some junctions, the initial beliefs are in such a way to force the algorithm to arrive at a local solution rather than the desired correct one. The beliefs are such that the decisions and adjustments are so strong that in a few iterations all beliefs in that junction have already settled for a local solution. Thus not letting the information flow in the graph to have any effect at that junction. Actually, the information flow (belief propagation in the graph) is stemmed because of this effect.

The last reason is the order of visitation. The segment ID's of vessel segments have been assigned based on the position of their respective median pixels. The assignment starts with ID 254 and proceeds row-wise. The algorithm visits the vessel segments in decreasing order of segment ID. There is no functional pattern about how the vessel segments are visited. The results of the classification would be better if the vessel segments are visited in a particular order.
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