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Proposing the Technique of Shape Classification Using Homology

Hee Il Hahn'

ABSTRACT

Persistence Betty numbers, which are the rank of the persistent homology, are a generalized version
of the size theory widely known as a descriptor for shape analysis. They show robustness to both
perturbations of the topological space that represents the object, and perturbations of the function that
measures the shape properties of the object. In this paper, we present a shape matching algorithm which
is based on the use of persistence Betty numbers. Experimental tests are performed with Kimia dataset

to show the effectiveness of the proposed method.
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Fig. 1. Filtration obtained from the binary image. (a) Input
binary image (b) lIts filtration,
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Fig. 3. Examples of binary images in Kimia dataset, (al)
anio1 (b1) bun03 (c1) dud00 (d1) jet01 (e1) kkO1
(a2) ani03 (b2) bun08 (c2) dud07 (d2) jet04 (e2)
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Table 1. The matching distances between the persistence diagrams computed from the binary images

ani0l ani03 bun03 bun08 dud00 dud07 jetO1 jet02 kkO1 kk02

aniOl 23.0 41.0 415 25.0 20.0 415 38.0 41.5 415
ani03 23.0 35.0 39.0 25.0 35.0 40.5 40.5 40.5 43.0
bun03 41.0 35.0 4.0 375 39.0 52.0 46.0 63.0 67.0
bun08 415 39.0 4.0 375 39.0 55.0 49.0 66.0 70.0
dud00 25.0 25.0 375 375 16.0 375 375 375 38.0
dud07 20.0 35.0 39.0 39.0 16.0 37.0 36.8 39.0 39.0
jet01 415 40.5 52.0 52.0 375 37.0 17.0 25.0 25.0
jet02 38.0 40.5 46.0 49.0 375 36.8 17.0 38.2 28.5
kkO1 415 40.5 63.0 66.0 375 39.0 25.0 38.2 8.0
kk02 415 43.0 67.0 70.0 38.0 39.0 25.0 28.5 8.0

Table 2, The matching distances between the persistence diagrams computed from the boundary images given in

Fig. 5
aniOl ani03 bun03 bun08 dud00 dud07 jet01 jet02 kkO1 kk02

aniOl 22.0 28.0 33.0 38.0 34.0 21.0 26.0 36.8 36.8
ani03 22.0 30.0 35.0 38.0 28.3 16.0 21.0 28.3 28.3
bun03 28.0 30.0 5.0 38.0 40.5 40.0 40.0 40.0 38.0
bun08 33.0 35.0 5.0 41.0 40.5 45.0 45.0 40.0 38.0
dud00 38.0 38.0 38.0 41.0 16.0 38.0 41.0 53.7 53.7
dud07 34.0 28.3 40.5 40.5 16.0 29.0 36.1 57.3 57.3
jet01 21.0 16.0 40.0 45.0 38.0 29.0 11.0 26.9 26.9
jet02 26.0 21.0 40.0 45.0 41.0 36.1 11.0 36.8 36.8
kkO1 36.8 28.3 40.0 40.0 53.7 57.3 26.9 36.8 4.0
kk02 36.8 28.3 38.0 38.0 53.7 57.3 26.9 36.8 4.0
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Table 3. Comparison of the performances of the algorithms using the Kimia dataset

1st 2nd 3rd 4th 5th 6th Tth 8th 9th 10th 11th
Belongie 97 91 83 85 84 77 6 66 56 37
Bernier 99 97 94 92 84 76 69 65 46 37 25
Frosini 99 95 91 88 85 82 80 76 63 53 40
Zhou 99 99 98 97 97 95 93 86 87 67
Our method 1 99 93 90 87 82 78 75 68 60 55 41
Our method 2 99 89 85 81 78 73 66 58 50 44 31
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o] A Z7Fe= @0l 9Tk Table 30] A4 g

(a2) (b2) (c2) (d2) (e2)

Fig. 5. Examples of boundaries extracted from the bina—
ry images in Kimia dataset. (a1) aniO1 (b1) bun03
(c1) dud00 (d1) jet01 (e1) kkO1 (a2) ani03 (b2)
bun08 (c2) dud07 (d2) jet04 (e2) kk02.
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