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Abstract  We propose a quantitative method of studying Buddhist statue faces, employing 
the logarithmic curvature radius. We select two curves, a lateral aspect curve and an 
eyebrow curve from Buddhist statue images. The curves are derived from grayscale images, 
and logarithmic curvature radiuses are derived from the curves. The logarithmic curvature 
radiuses are transformed into Z scores, and the curve is categorized using a hierarchical 
cluster analysis method. As a result, the statues were divided into three groups based on the 
lateral aspect curve and the eyebrow curve respectively, and it could be confirmed that each 
group represents the geometric character in the face of the statue. However, these groups 
could not be distinguished according to the region or period. In the future we plan to 
increase the number of statue images and the number of ethnic groups looked at. 

1. Introduction 
Statues of Buddha began to be made in India around 

1st century B.C and then spread to other ethnic groups 

and royal palaces in various Asian countries [1], [2]. 

At the same time, the molding styles became 

diversified under the influence of each place and 

ethnic group. Figure 1 displays statues of Buddha and 

the people living the region where they were created. 

For example, it shows that the statue of Buddha in the 

vicinity of the Tarim basin resembles the Uzbeks 

living in the area. 

There have been many studies of the style of 

Buddhist statues, however, they are based on an 

evaluation of the form subjectivity. We here propose a 

new quantitative method for studying Buddhist statue 

faces [3]-[5]. Sasaki et al. abstracted the parts of 

curves which corresponded to the eyebrow curves 

from the images of Buddha statue faces, and analyzed 

them using the slope, depth, and angle of eyebrow 

curve [3], [4]. Yamada et al. measured the faces of 

people and dolls in three dimensions of the faces of 

people and dolls, and analyzed the curvature radius of 

the cross section of the characteristic points of the 

faces, as the key lines which structure the curves of 

the face [6]. 

Although it is desirable to measure the faces of 

Buddha statues in three dimensions, it is very difficult 

to arrange in practice. In this study, we propose a 

quantitative method of studying the features of 

Buddhist statues, in which we analyze the 

characteristics of the curved lines of the Buddhist 

statue faces, employing the logarithmic curvature 

radius. 

2. Analyzing the Characteristics Employing 
the Logarithmic Curvature Radius 

2.1 Characteristic Curves 

We select two characteristic curves for analysis. One 

is the lateral aspect curve from the hairline, artificial 

trichion, (tr-a) to the top of the nose-bridge, artificial 

pronasale (prn-a) and the other is the left eyebrow 

curve [7]. These characteristic curves are derived from 

grayscale images. 
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2.2 Abstract of Characteristic Curves 

Regarding the profile curves, to abstract the curve 

from tr-a to prn-a, we binarize the grayscale images of 

the profile so that we can abstract the facial area and 

arranged the edge tracing. Regarding the left eyebrow 

curve, generally the eyebrow is not drawn on Buddha 

statues. Thus, we draw dots on the edge part 

corresponding to the eyebrow, and abstract an 

approximate curve by applying 3D spline 

interpolation.  

 

 

 
 

 

2.3 Curvature Radius and Its Changes 

We express x = x(t), y = y(t) employing parameter t 

for the path length against the obtained curve, then 

calculate the curvature radius ρ(t). 
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Since it is difficult to obtain all the changes of 

curvature from the curvature radius data, the curvature 

radius is divided by total length of the curves. Then 

the logarithmic curvature radius (LCR) iC is 

calculated by taking the logarithms below. 

⎪
⎪
⎩

⎪⎪
⎨

⎧

−
=

)
||

log(10

)
||

log(10

S

SC
i

i

i ρ

ρ

 

)0(

)0(

<

≥

i

i

ρ

ρ

   … (2) 

iP : curvature radius 

S : length 

There are 180 LCR data points in both the lateral 

aspect curve and the eyebrow curve. 

2.4 Hierarchical Cluster Analysis 

The hierarchical cluster analysis is determined by 

changing from the logarithmic curvature radius 

obtained to Z [9]. 

σ
μ−
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iC : logarithmic curvature radius (LCR) 

μ : average 

σ : standard deviation 

3. Results of Analysis 

We analyzed images of Buddha statues in China and 

Japan (Oumi prefecture). 

We derived the logarithmic curvature radius for the 

Lateral aspect curve from tr-a to prn-a from forty-nine 

images of Buddha statues which were selected at 

random, and the hierarchical cluster analysis was done. 
Fig. 2 Examples of a lateral aspect curve from artificial 
trichion (tr-a) to artificial pronasale (prn-a) of a profile 
image (left), and the left eyebrow curve of a full face 
(right). 

Fig. 1 The relationship between Buddha statues and people 
living in the region where they were created. 
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Table. 1 Results of hierarchical cluster analysis of the lateral aspect curve from tr-a to prn-a (49 Buddha statues, 29 
Japanese and 20 Chinese) 

 
Cluster 

 
Japan 

 
China 

 
total 

Buddha 
statues 

LCR 
iC  

 
Features 

 
1 

 
16 

 
6 

 
22 

   

 
2 

 
6 

 
12 

 
18 

   

 
3 

 
7 

 
2 

 
9 

   

total 29 20 49  
 

Table. 2 Results of hierarchical cluster analysis of the eyebrow curve (42 Buddha statues, 29 Japanese and 13 Chinese) 

 
Cluster 

 
Japan 

 
China 

 
total 

Buddha 
statues 

LCR 
iC  

 
Features 

 
1 

 
8 

 
10 

 
18 

   

 

 
2 

 
11 

 
1 

 
12 

   

 

 
3 

 
10 

 
2 

 
12 

   

 

Total 29 13 42  

 
As a result they were divided into three groups with 

the characteristics shown in Table 1. If the LCR is 

positive, the curve is concave, on the other hand, if it 

is negative, the curve is convex. 

Regarding the eyebrow curve, forty-two images of 

Buddha statues selected at random were analyzed in a 

similar way. As a result, they were divided into three 

groups with the characteristics shown in Table 2. 

4. Discussion 

Regarding the lateral aspect curve from tr-a to prn-a, 

the characteristics of the curve of cluster one are 

convex → concave, cluster two, convex → concave 

→ convex，and cluster three, concave → convex → 

concave → convex. Cluster one includes most Buddha 

statues with a Grecian nose, and its lateral aspect 

curve from the artificial sellion (se-a) to prn-a is 

rectilinear. Cluster two includes many Buddha statues 

with a lateral aspect curve from se-a to prn-a and their 

brows are rounded. Cluster three includes most 
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Buddha statues whose brows are concave → convex. 

Next, regarding the eyebrow curve, three clusters 

were classified according to the growth of the 

curvature. That is to say, where the curvature of the 

eyebrow curve grows at the outer side, it is placed into 

cluster one. When the curvatures grow at the inner 

side it is placed into cluster two, and when the 

curvatures grow at the inner and outer sides it is 

placed into cluster three. Regarding Chinese Buddha 

statues, there is a tendency for the curvatures of most 

of the eyebrow curves to grow at the outer side. 

In this way, by employing the logarithmic curvature 

radius, we could analyze the lateral aspect curve from 

tr-a to prn-a and the characteristics of the eyebrow 

curve. In the future, we will increase the number of 

images of Buddha statues, and will classify the type of 

Buddha statues and the places where the statues were 

made. At the same time, we will analyze in an 

integrated method by increasing the amount of 

character curves.  

5. Conclusion 

By employing the logarithmic curvature radius, we 

could implement a quantitative observational study of 

the lateral aspect curve from tr-a to prn-a and the 

eyebrow curve. Also, we could break down the 

Buddha statues according to their characteristics.  

However we could not get a synthetic interpretation of 

the two characteristic curves. 

In the future, we will increase the number of images 

of Buddha statues and the number of the characteristic 

curves so that we will be able to analyze in an 

integrated way. 
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