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Abstract. In our previous Three Dimensional (3D) anthropometric shape clus-
tering study, block-division technique is adopted. The objective of this study was 
to examine the sensitivity of clustering results on block-division. Such a 
block-division technique means to divide each 3D surface into a predefined 
number of blocks. Then by using a block-distance measure, each surface is 
converted into a block-distance based vector. Finally, k-means clustering is 
performed on the vectors to segment a population into several groups. Totally 
447 3D head samples have been analyzed in the case study. The influence of 
block division number on clustering was evaluated by using One-way ANOVA. 
No significant difference was found between the three block division alterna-
tives. This means the adopted method is robust to block division. 

Keywords: Three dimensional anthropometry; block-division; clustering;  
sizing. 

1   Introduction 

In the past decades, several large scale 3D anthropometric surveys have been con-
ducted, such as Civilian American and European Surface Anthropometry Resource 
(CAESAR) [1], SizeUK [2], SizeUSA [3], etc. An international collaboration named 
World Engineering Anthropometry Resource (WEAR) brings together a wealth of 
different anthropometric data collected across the world [4]. 3D anthropometric shape 
analysis has found many applications such as in clinical diagnostics, cosmetic surgery, 
forensics, arts, and entertainment as well as in other fields. How to utilize 3D anthro-
pometric data to improve the fitting level of wearing products has also gained great 
attention from the ergonomics and human factors [5-14]. 

An effective way to design fitting products is to analyze the shape of human body 
forms and classify a specific population into homogeneous groups. Traditionally, some 
One Dimensional (1D) measurements were usually selected as key dimensions for the 
analysis of human body variation [15]. Unfortunately, there are some drawbacks in 
such traditional sizing methods. The most important is that geometric characteristics 
and internal structure of human surface are not adequately considered, which may lead 
to design deficiency on fitting comfort [16]. For example, studies have disclosed that 
foot length and width measures are insufficient for proper fit though most consumers 
usually select footwear based on the two measurements [17, 18]. 
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Considering the inherent abundant information contained in 3D anthropometric 
data, sizing methods based on 3D anthropometric data may be able to overcome the 
drawbacks of traditional sizing methods. However, this seems not an easy task. In our 
previous study [19], a block-division method was proposed to convert each 3D sur-
face into a block-distance based vector, which reflects both size and shape difference. 
Such vectors were then used as the input of k-means clustering algorithm. The in-
fluence of the block division number on the 3D shape clustering is further studied in 
this paper. 

The remainder of this paper is organized as follows. Section 2 introduces the pro-
posed method. A case study of 446 3D head samples is then presented in Section 3. 
Finally, Section 4 concludes this paper. 

2   Methods 

2.1   Block Division of Head Data 

The raw 3D data of 446 head of young male Chinese soldiers (aged from 19 to 23) were 
collected by a Chinese military institute in 2002 [20]. The data we received are row 
points of outer surface in each slice. All samples were properly positioned and oriented 
according to a predefined alignment reference [19]. 

Once the alignment of a 3D head is done, a ‘vector descriptor’ is established. A 
vector descriptor consists of a number of block distances. Here the term of block means 
a regular patch on the 3D surface. First the inscribed surface of all the samples is cal-
culated. Then the inscribed surface and all sample surfaces can be divided into m 
blocks. Let P, Q denote the number of the control knots of a surface in u and v direc-
tions respectively, and p, q denote the desirable number of the control knots of a block 
in u and v directions respectively. The control knots of a surface were partitioned into 
P/p uniform intervals in u direction and Q/q uniform intervals in v direction. Thus the 
surface was converted into m = P/p * Q/q blocks. 

The distance between two corresponding blocks on a sample surface i and the in-
scribed surface, namely S(i), can then be constructed with two parts, namely S1(i) and 
S2(i), that reflect macro (size) and micro (shape) differences respectively. S1(i) can be 
calculated as, 
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where pi,j is the jth point, and ni represents the number of points falling into the ith block, 
and Euclidean distance was used to calculate the distance, dis (pi,j), between two cor-
responding points on the sample and the inscribed surfaces. S2(i) can be calculated as, 
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S2 describes the shape variation in the corresponding local areas of two 3D sur-
faces. Different local areas on a surface can have different shape and geometry 
characteristics; therefore they contribute differently in the whole shape dissimilarity 
between a sample surface and the inscribed surface. For example, the geometry of the 
nose is irregular, so the geometric dissimilarity may play an important role in the total 
shape dissimilarity between two noses. While the geometry of the upper head is very 
smooth and quite similar, so the size dissimilarity may play a dominant role in the 
total shape dissimilarity between two upper heads.  

By the above method, the shape of a surface can be characterized by a vector (S1(1), 
S2(1), S1(2), S2 (2),…, S1(m), S2(m)). The vectors are the input of the following k-means 
clustering algorithm. 

2.2   Comparison between Different Block Division Numbers 

In the case study, each head surface was divided into 20 (5X4), 30 (6X5), and 90 
(16X6) blocks, respectively. Then k-means clustering was applied to the block dis-
tance-based vectors with different block division number. In this case study, the 
number of K for the clustering was set as seven. 

An evaluation of the influence of the block division number on the clustering results 
is demonstrated by using One-way ANOVA on the block distance based vectors. The 
representative head sample of each cluster is obtained first by calculating the average 
coordinates of the points of the head samples belonging to the cluster. Then the distance 

between a sample surface and the representative surface can be constructed for '
1S  and 

'
2S , respectively. As a prerequisite step of ANOVA, the first examination is whether 

the '
1S  and '

2S  display a normal distribution. Tests for normality are conducted on all 
'
1S and '

2S  values using the One-Sample Kolmogorov-Smirnov Test. Another prereq-

uisite step of ANOVA Levene test is to test the homogeneity-of-variance of the vari-
ables. Finally, multiple comparisons of means between different block divisions were 
conducted by using One-way ANOVA. 

3   Results and Discussions 

3.1   Block Division with Different Block Numbers 

The block division results of a head are shown through Fig. 1-3 with block numbers of 
20 (5X4), 30 (6X5), and 90 (16X6), respectively. Each block is illustrated with dif-
ferent colors to distinguish from each other. No anatomical correspondence is taken 
into consideration during the block division. Consequently, as depicted in Fig. 1, it’s 
not surprising that the nose is divided into one block, while both eyes are divided into 
two different blocks. With the increase of the block division number, the area covered 
by each block decreases. That’s to say, more block division number means fewer points 
falling into each block. 
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(a) front view    (b) bottom view   (c) side view 

Fig. 1. Block division of a head (20 blocks) 

 

(a) front view    (b) bottom view   (c) side view 

Fig. 2. Block division of a head (30 blocks) 

 

(a) front view    (b) bottom view   (c) side view 

Fig. 3. Block division of a head (90 blocks) 

3.2 Clustering Results under Different Block Division Numbers 

As shown in Fig. 4, when representative surfaces of clusters are merged together, it is 
easy to acquire a visual image of the size and shape difference from each other. 
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Views 
Block number 

Front view Side view Bottom view 

20 

  
 

30 

  
 

90 

  
 

Fig. 4. Different views of the merged average heads of clusters 

3.3   Comparison of Results between Different Block Division Numbers 

Tests for normality of '
1S and '

2S  values showed p values less than 0.05, resulting in 

rejection of the null hypothesis. Afterwards each '
1S and '

2S  values were transformed 

into their corresponding natural logarithmic values, denoted as '
1ln S  and '

2ln S  re-

spectively. One-Sample Kolmogorov-Smirnov test was conducted on the '
1ln S  and 

'
2ln S  values, resulting in p values greater than 0.05 (p=0.393  and 0.193 respectively). 

Levene test on the '
1ln S  and '

2ln S  values showed p values of 0.570 and 0.492, re-

spectively.  
As shown in Table 1, One-way ANOVA results demonstrated p values greater than 

0.05. Such results lead to no rejection of the null hypothesis. Thus no significant  
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differences were found between the block division numbers. In other words, this re-
veals the robustness of the 3D clustering method with block division. 

Table 1. Multiple comparisons in One-way ANOVA 

Dependent 
Variable 

Group I Group J Mean Difference (I-J) Std. Error Sig. 

'
1ln S  1 2 -.0007 .01967 .971 

 1 3 .0156 .01967 .429 
 2 3 .0163 .01967 .408 

'
2ln S  1 2 .0001 .02102 .997 

 1 3 .0004 .02102 .984 
 2 3 .0004 .02102 .986 

Note: Block division numbers of Group 1, 2, and 3 are 20, 30, and 90, respectively. 

 
Cluster membership variation on different block division number of each sample 

was investigated and summarized in Table 2. When the block number is changed from 
20 to 30 and 90, the numbers of samples whose cluster membership has changed are 10 
and 86, respectively (sample size is 446). Whereas, the number of samples with 
changed membership between 30 and 90 blocks is 88. It can be seen that when the 
block division number changes within a medium range, the difference of clustering 
results is almost ignorable. However, when the block division number becomes big, 
such as 90 in this case study, the membership variation turns to big. This can be ex-
plained from the definition of S1 and S2 which reflect the local size and shape differ-
ences, respectively. When the surface is divided into many blocks, the effect of S2 is 
weakened, since for each small block the shape variation is small. Instead, when the 
block division number is small, the distance of each block is averaged over a big sur-
face, thus the effect of S1 is weakened; while the shape variation of a big surface is 
greater, and the effect of S2 under this situation will be emphasized. Thus too small or 
great block division number will cause biased consideration of local size and shape.  

Table 2. Cluster membership change 

Sample size 
Cluster ID 

20 blocks 30 blocks 90 blocks 

1 40 39 41 
2 71 72 81 

3 66 62 76 

4 77 78 75 

5 63 60 68 

6 23 25 27 

7 106 110 78 
number of change - 10 86 
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4   Conclusions 

This paper is a further study of our previous 3D shape clustering method based on block 
division technique [19]. Clustering results of three alternatives of the block division 
number were compared. One-way ANOVA and cluster membership variation results 
showed the robustness of the block division method for the k-means 3D shape clus-
tering when the block division number changes within a medium range. However, 
Extreme block division numbers may lead to greater membership variation.  
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