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GCT transform and similarity determination of geometry shapes
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Abstract: Objective The perceptual ability of human beings can determine the similarity of two shapes easily. However,
this matter is still an open issue in computer machines. In computer vision applications, classifying and determining the
similarity of shapes and providing a correspondence result with human beings in shape similarity determination are necessa-
ry. Unfortunately, these issues have not been addressed by up-to-date shape similarity determination algorithms. Method
Geometry complex transform ( GCT) , a method of transforming a geometric shape from its planar coordinates into the com-
plex domain space of multidimensional vector, was used to transfer the similarity determination of two geometric shapes into
that of two complex vectors. GCT transform is also an information-preserving method, which means that it can reconstruct

the original shape of an object. Result GCT transform is translation, scale, and rotation invariant. Aside from being able to
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determine the similarity of two geometric shapes in correspondence with results generated by humans, this method can also

compute rotation angle and scale factor between shapes. Conclusion Theoretical proof and experiments show that GCT

transform is feasible, effective, and efficient in determining the similarity for this class of shapes, which has its centroid in

its inner region. Moreover, only two intersections of point exist between any line passing through its centroid with the con-

tour of the shape. GCT can compute the similarity of two shapes with the same result as that of the human being.

Key words: GCT transform; geometric shape; complex space; feature vector; shape similarity determination
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Table 1 Cross test result of 5 and 7 dependence of GCT parameter k

ENEEEEEE

20 0.00,0.00  0.01,0.01  0.10,0.06  0.06,0.04  0.16,0.09  0.05,0.04 0.08,0.07
— 100 0.00,0.00  0.01,0.01  0.10,0.06  0.05,0.04  0.15,0.09  0.05,0.04 0.08,0.07
— 360 0.00,0.00  0.01,0.01  0.09,0.06 0.05,0.04  0.15,0.09  0.05,0.04 0.07,0.07
400 0.00,0.00  0.01,0.01  0.09,0.06  0.05,0.04  0.15,0.09  0.05,0.04 0.07,0.07

20 0.01,0.01  0.00,0.00 0.10,0.06  0.05,0.04  0.16,0.09  0.05,0.04 0.08,0.07

100 0.01,0.01  0.00,0.00 0.10,0.06  0.05,0.04  0.15,0.09  0.05,0.04 0.07,0.07

360 0.01,0.01  0.00,0.00  0.09,0.06 0.05,0.04  0.15,0.09  0.05,0.05 0.07,0.07

400 0.01,0.01  0.00,0.00  0.09,0.06  0.05,0.04  0.15,0.09  0.05,0.04 0.07,0.07

20 0.10,0.06  0.10,0.06  0.00,0.00  0.16,0.10  0.13,0.08  0.12,0.08 0.13,0.09

— 100 0.10,0.06  0.10,0.06  0.00,0.00  0.13,0.09  0.12,0.08  0.11,0.08 0.12,0.08
e 360 0.09,0.06 0.09,0.06 0.00,0.00 0.13,0.09  0.12,0.08  0.11,0.08 0.12,0.08
400 0.09,0.06  0.09,0.06  0.00,0.00  0.13,0.09  0.12,0.08  0.11,0.08 0.12,0.08

20 0.06,0.04  0.05,0.04  0.16,0.10  0.00,0.00  0.16,0.11  0.06,0.04 0.09,0.07

— 100 0.05,0.04  0.05,0.04  0.13,0.09  0.00,0.00  0.16,0.10  0.05,0.04 0.09,0.07
B 360 0.05,0.04  0.05,0.04  0.13,0.09  0.00,0.00  0.16,0.10  0.05,0.04 0.09,0.06
400 0.05,0.04  0.05,0.04  0.13,0.09  0.00,0.00  0.16,0.10  0.05,0.04 0.09,0.06

20 0.16,0.09  0.16,0.09  0.13,0.08  0.16,0.11  0.00,0.00  0.20,0.12  0.21,0.34

— 100 0.15,0.09  0.15,0.09  0.12,0.08  0.16,0.10  0.00,0.00  0.19,0.12 0.20,0.13
360 0.15,0.09  0.15,0.09  0.12,0.08  0.16,0.10  0.00,0.00  0.19,0.11  0.20,0.13
400 0.15,0.09  0.15,0.09  0.12,0.08  0.16,0.10  0.00,0.00  0.19,0.11  0.20,0.13
20 0.05,0.04  0.05,0.04  0.12,0.08 0.06,0.04  0.20,0.12  0.00,0.00 0.04,0.04

— 100 0.05,0.04  0.05,0.04  0.11,0.08  0.05,0.04  0.19,0.12  0.00,0.00 0.04,0.04
B 360 0.05,0.04  0.05,0.05 0.11,0.08  0.05,0.04  0.19,0.11  0.00,0.00 0.04,0.03
400 0.05,0.04  0.05,0.04  0.11,0.08  0.05,0.04  0.19,0.11  0.00,0.00 0.04,0.03

20 0.08,0.07  0.08,0.07  0.13,0.09  0.09,0.07  0.21,0.34  0.04,0.04 0.00,0.00

- 100 0.08,0.07 0.07,0.07  0.12,0.08  0.09,0.07  0.20,0.13  0.04,0.04 0.00,0.00
_;___J 360  0.07,0.07 0.07,0.07  0.12,0.08  0.09,0.06  0.20,0.13  0.04,0.03 0.00,0.00
400 0.07,0.07  0.07,0.07  0.12,0.08  0.09,0.06  0.20,0.13  0.04,0.03  0.00,0.00
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Table 2 Cross similarity determination result of shapes in Fig. 9

2 3 4 5 6

M 1
1 $=0.00, =000, =005 =016, =017, =019, =0.22, =0.24, =0.24,
6=0.00, 6=0.00, 6=0.05, 6=0.19, 6=0.19, 6=0.23, 6=0.26, 6=0.31, 6=0.31,
' 7=0.00 5=0.00 5=0.05 5=0.13 95=0.15 5=0.15 5=0.17 5=0.16 5=0.16
5 4 6 3 1 2 9 7 8
M 2
5| ¢=0.00, =002, $=0.05, $=0.16, =0.19, =019, $=0.23, §=0.26, =0.26,
( §=0.00, §=0.02, §=0.07, §5=0.19, &§=0.22, §=0.22, &=0.25, §=0.32, §=0.32,
7=0.00 5=0.02 5=0.04 =013 =015 5=0.15 5=0.20 5=0.19 5=0.19
7 8 9 1 2 3 6 4 5
M 3 ‘ |
7| =0.00, =0.01, =011, $=0.23, §=0.23, =0.23, =023, =024, =025,
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: 7=0.00 5=0.01 7=0.11 5=0.16 5=0.16 5=0.17 7=0.18 5=0.18 5=0.19
3 2 1 4 6 5 9 7 8
i 4 ‘
=003, =006, =006, =011, =013, =0.15, =0.19, =0.23,  =0.23,
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7=0.03 5=0.06 =5=0.06 =x=0.10 5=0.12 5=0.13 5=0.15 5=0.17 5=0.17
4 6 [ 3 1 2 9 8 7
i 5 ,
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9 T 8 4 5 6 3 1 2
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Table 3 Rotation and scale result of similar-determined shapes
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Fig. 10  Computation complexity of GCT transform ( (a) time cost with different k to generate feature vector for a specified

shape; (b)time cost for images with different number of edge points to generate their feature vectors

(¢) time cost for shape similarity computation)
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