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Introduction &Motivation:

Inner Distance put forward by Haibin Ling has done good job for global shape matching [1]. Anyway, there are still some key points that are not corresponded so fine(for example, Figure 1 and Figure 2). Xiang Bai has used the skeleton path comparison to find the skeleton endpoints correspondence [2]. But this paper has not considered the shape correspondence for the contour points. This project tries to combine these two methods and find the nice correspondence between two shapes.

Dr.Kumar[3] is the leading researcher in data mining field. He has used the representative points to compute the data clustering. His method has also    

used the notion of defining distance in terms of the number of shared nearest neighbors. This project has used Kumar’s method to cluster the regions of 5 nearest neighbors of each skeleton endpoint.
Methodology:

The inner-distance is defined as the length of the shortest path between landmark points within the shape silhouette[1]. Inner distance has improved the shape context through using the block distance instead of the Euclidean distance. So for the non-rigid shape matching, the correspondence result is usually very nice. But if the two shapes have totally different structure, the inner distance cannot find the exact correspondence. For example in figure 1, we can see the former legs of horse 1 have overlapped; so it is hard for inner to find exact correspondence.
In figure 2, due to the global sampling points number in inner distance is a constant; the latter two legs of horse1 is arranged less points. So inner distance global matching cannot find appropriate correspondence of latter two legs between horse1 and horse2.
Xiang Bai and Longin Jan Latecki have used the skeleton paths matching to find the skeleton endpoints correspondence[2]. They have obtained very nice experiment results. 
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Figure 3
However in [2] only the skeleton endpoints have found the correspondence. Other contour region has not been given the correspondence.
This project tries to find all the correspondence between two shapes.

Proposed approaches:

This project tries to consider the matching 5-nearest neighbors of each skeleton point. For example, in figure 1, horse 1 has 6 skeleton endpoints. Horse 2 has only 4 skeleton endpoints. With Xiang’s method we can find the correspondence between two endpoints sequence. But after careful observation, we can also use 5-nearest neighbors of each skeleton point as a group. Then we have 6 groups from horse 1 and 4 groups from horse 2. With Kumar’s clustering method, the endpoints (representative points) matching together with 5 nearest neighbor points matching probability is considered. The 11 points are arranged according to Gaussian Distribution, that means the representative point has more weight than farther points. After this matching process, we could obtain similar correspondence results as Xiang’s method.
Then we could try to match the shape segment between the correct endpoints correspondence.

The method put forward by this project has matched two regions cut by skeleton path and the contour segmented by the skeleton endpoints. It is similar to match two ‘chops’ parts. So I could try to name it ‘chop matching’.

The inner distance histogram for these two regions is computed to match the points along the new contour.
Current Project Status:
The wrong correspondence from inner distance matching has at least two cases. They are shown in figure 6d for Case 1 and figure 2 for case 2.
Case 1:

In figure 4-6, I have shown the process to find the correspondence between a horse-person and a horse. The skeleton point on the person’s head cannot find the correspondence. Then the branch cut positions are found through figure 5. At last this skeleton branch is removed as shown in figure 6.
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                             Figure 4 Skeleton Paths in Horse- Person
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Figure 5. Find the cut points for additional skeleton path

(this skeleton path cannot find the corresponding skeleton path in the other figure)
[image: image7.png]graph for sh-path (zoom in for detail)




[image: image8.emf]graph for sh-path (zoom in for detail)

50 100 150 200 250 300 350 400

50

100

150

200

250

300

350





6.a




    6.b




[image: image9.png]graph for sh-path (zoom in for detail)





6.c
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Figure 6. The improvement of correspondence

6.a shows the horse-person part

6.b shows the horse-person part after cutting person

6.c shows the part of horse1 from Weizmann Horse Database. 

This part is obtained from global DTW between 7 parts from horse-person and 6 parts from horse1.

6.d shows the horse-person part correspondence according to inner-distance.

(here I have sampled every 15 points, actually more corresponding points are wrong)

6.e The improved correspondence.

[image: image12.emf]
Figure 7

Case 2: in figure 2, due to the constant global sample point number, Inner Distance cannot find the correspondence in latter two legs of figure 2. So I have only considered the contour created by contour and skeleton as shown in Figure 7.
The inner contour part in Figure 7 is from the original contour between latter two legs of the horse1 and horse 69 in Weizmann Horse Databases. 
The outer contour part is from the skeleton path that connects the two endpoints.

So the matching has considered both the local contour part and local skeleton path. 
We can see that in Figure 7, most points have found correct correspondence.

There are two reasons that the results are improved:

In the figure7 above, since we only consider the local comparison between two latter legs (exactly they are skeleton and contour between two latter legs), so we are not influenced by the global sample points number. 

The second reason, we only consider the part decomposed by critical skeleton endpoints (these are obtained by Xiang’s second PAMI paper), it has then improved the local matching results.

Possible alternative approaches if original plan does not work

If the current approach has met some troubles, the internal process and aim could be changed. For example, if the clustering method put forward by Kumar is not appropriate for this case,  we could  increase the sample points of Inner distance histogram(currently Haibin Ling has only used only 100 contour points, I have tried to use more than 4000 contour points). So this will help the clustering experiment. 
If the matching result is not so fine, we could try to group the original horse in advance (data preprocess to remove outliers and noise).

If the results from current project were very nice, the aim could also change. The former project for boosting method cannot find the appropriate semantic meaningful part, so after we have obtained accurate matching between each region of the horse, we could know the statistical point density of each region for matching. If this region is very high, then this is highly meaningful region, we could furthermore cut this part and put into boosting system. 
The Dataset for this projects:

Since the MPEG7 data is a little few for each class, I will try to consider the algorithm through Weizmann Horse case. Next step I will consider the MPEG 7 data.
Timeline: 

Week 1: try to consider more cases that cannot be solved by inner distance.
Week 2: try to implement clustering method that can rival Xiang’s skeleton paths matching results.

Week 3: try to implement more cases for the ‘chop matching’. 
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