
Applied Human Factors and Ergonomics International

Error Analysis for Three-Dimensional
Anthropometric Survey of Young Chinese

Males

Xuezhi  Zhang a,  Xiaoghui  Zheng a, Songtao  Ding a, Taijie Liu band He  Fang a 

aResearch Institute of Chemical Defense
Beijing,100191, China

bChina National Institute of Standardization
 Beijing, 100088, China

ABSTRACT

Based on the requirement of design and manufacture, a three-dimensional anthropometry survey was conducted in
China  in  2010-2011.  10319 young Chinese  males  (18~36  years  old)  were  measured.  The errors of  the  three-
dimensional scanning method and the errors  between three-dimensional scanning method and traditional manual
method were analyzed in this paper. Three different error analysis methods were used to study the accuracy of the
anthropometric survey. The results showed that the accuracy of the anthropometric data is acceptable. 
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INTRODUCTION

The  development  of  three-dimensional  (3-D)  measurement  technology  has  made  3-D  measurement  more
economical  and  viable  for  ergonomic  applications.  Many  countries  had  proposed  the  plan  to  carry  out  3-D
anthropometry survey to capture the surface morphologies of human body, such as Size Korea 2004(Park, Nam,
Lee, & Park, 2009), the Civilian American and European Surface Anthropometry Resource (CAESAR)(Kathleen,
2002), and so on. Dimension data are still absolutely necessary for design and manufacture(Li, Chang, Dempsey,
Ouyang, & Duan, 2008; Zheng, Niu, & Ding, 2011). As a result, many scientists have paid more attention on study
of extracted dimension data.

3-D anthropometry technology appeared in 1950’s, and had been under investigation since then. During these years,
more and more anthropometry studies were focused on this technology. Meanwhile, there are still many problems
unsolved,  including  multi-resolution  description  of  3-D  anthropometric  data(Niu,  Li,  &  Salvendy,  2009),  the
landmark identification(Kouchi & Mochimaru, 2011) and shape comparison(Ball et al., 2010), etc. Because of the
importance  of  reducing  errors  and  securing  data  quality,  data  checking  procedure  and  error  analysis  are
important(Jun-Ming Lu, 2008).

An anthropometry survey was  carried  out  in  China  from 2010 to  2011,  and  10319 young Chinese  men were
measured with an advanced 3-D scanning method. To ensure the validation of the anthropometric data derived from
the measurements, the error analysis was studied in this paper.

METHODS

Equipment 
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A laser scanner VITUS Smart XXL was used in this measurement, which is designed to generate highly precise 3-D
image of the human body.  This technology can be utilized for a variety of applications. VITUS is based on optical
triangulation,  currently  an  accurate  method  for  touchless  3-D  imaging.  The  scanning  volume  is
1200mm×1000mm×2100mm, and the measurement time is approximately 12 s. 

To value the validation of 3-D scanning method, the manual method for anthropometry was also adopted. The
equipments for manual methods includes sliding caliper, spreading caliper, tapes, anthropometer, etc.  

Subjects

All the subjects were collected from the mainland of China.  The mean age of the 10319 males subjects were 22.1 
years old (ranged from 18~36 years old).  At the same time, 107 subjects were random sampled to be measured by 
manual methods.

Scanning Procedure

Each subject was scanned in three designed postures for the survey. Pose A is a standing posture. The subject stands 
erect with the head in the Frankfurt Plane. The heels are together, the upper limbs hang relaxed at the side, palms 
facing the body. Pose B is also a standing posture. The subject stands with feet 200mm apart, with the head 
Frankfurt Plane. The upper arms are abducted to form a 20 degree angle with the sides of the torso, and the forearms
hang vertically; the palms face backward. Pose C is a sitting posture. The subject sits erect with the head in the 
Frankfurt Plane. The upper arms hang down at the side, but they are bent 90 degrees at the elbow, and the palms are 
flat, facing each other; the feet are hanging freely in which the subject assumes.
The software ScanWorx was used to extract dimensions from the 3-D graphs. The data measurement and extraction
accords with the quantity control requirement in the standard ISO 7250. 

RESULTS AND DISCUSSION

Validation of Repetitive Scanning Measurement

To value the repeatability of using the 3-D canning data to estimate and calculate body dimensions, a repetitive
experiment was performed and the results were analyzed using SPSS 16.0. During every measurement, the same
subject was scanned for six times, and the subject was requested to come out from the scanner area and do the three
postures again. 

The error of the adopted 3-D scanner is less than 1 mm in horizontal circumference, less than 2 mm in horizontal
dimension, less than 3 mm in altitudinal  dimension. The scanning rate  is  very fast,  so the error  caused by the
movement of body during scanning could be ignored. The results of the data of scanning are listed in Table 1. Nine
main anthropometric dimensions, including height dimension, breath dimension and circumference dimension, were
selected to characterize the error. The results illuminate that the difference between the result of every times, and the
error ranges are acceptable.

Comparison Between Scanning Method and Manual Method

To  compare  the  difference  of  between  the  data  of  scanning  method  and  manual  method,  15  anthropometric
dimensions were selected.  These dimensions cover the height dimension, breadth dimension and circumference
dimension.  107 subjects were selected to perform the measurement by both scanning method and manual method.
The results of the measurements are listed in Table 2. The differences between the data of two measuring methods
did not appear to be a special trend and the differences are quite small. As a result, the anthropometric dimension
data from 3-D scanning method are not statistical significant with that from manual method. The errors of 3-D
scanning method are acceptable.
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Table 1: data of repetitive 3-D scanning measurement for same subject(mm)                                           
Dimension 1 2 3 4 5 6 Mean SD CV

Height 1720 1721 1713 1720 1720 1721 1719.17 9.37 3.06

Crotch height 770 763 762 766 770 770 766.83 13.77 3.71

Knee height 463 465 467 461 463 461 463.33 5.47 2.34

Ankle height 76 76 75 76 76 76 75.83 0.17 0.41

Board breadth 335 329 331 335 337 329 332.67 11.87 3.44

Neck breadth 108 111 110 110 108 110 109.50 1.50 1.22

Neck
circumfrence

326 321 323 325 323 324 323.67 3.07 1.75

Should breadth,
right side

159 156 153 154 159 153 155.67 7.87 2.80

Foream
circumference,

right side
232 227 232 233 231 234 231.50 5.90 2.43

Table 2: Difference between 3-D and manual measurement (mm) methods (n=107)         
No

.
Dimension

Mean of
difference

SD of
difference

Significant 

1 Acromion height -5.7 60.6 ×

2 Cervical height -7.4 56.6 ×

3 nipple height -1.4 52.4 ×

4 Trochanter height -7.2 40.1 ×

5 Radial stylion height -10.0 40.6 × (<12mm)

6 height, sitting 9 31.3 × (<9mm)

7 Crista iliaca breadth 7.2 20.3 × (<11mm)

8 Hip breadth, sitting -6.4 46 ×

9 Buttock-knee length, sitting 3.2 37.4 ×

10
Abdominal circumference,

sitting
-1.1 36.3 ×

11 Hand length 3.5 6 × (<4mm)

12 Hand breadth -1 2.5 × (<3mm)

13 Neck circumference 4.8 16.4 × (<8mm)

14 Wrist circumference -0.3 60.6 ×

15 Hip circumference 12.9 47 × (<13mm)

According to the comparison between the data from 3-D scanning method and manual method, there are still some
differences  according  to  the  measurement  method,  but  the  differences  are  both  acceptable.  Because  the
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anthropometric  survey for  a large number of  subjects is  difficult  to carry out by manual method, and the 3-D
scanning method can reserve the 3-D graphs of human, the 3-D scanning method are suitable method to carry out an
anthropometric survey for Chinese young males. 

Error controlling index

E. PanchÓn proposed an index for quality control in anthropometric surveys. Such indices are applicable only to a
few anthropometric variables but the results found by this control can be an indication of the quality of the complete
measurement process. The indices are defined as follows.

Se=100×((shoulder height-elbow height)-arm length)/(arm length) , standing

Ses=100×((shoulder height-elbow height)-arm length)/(arm length) , sitting

Filling the results of this anthropometric survey into these equations, we can conclude the results of these indices.
The values of each dimension needed in the equations and the values of Se and Ses were listed in Table 3. The Se%
of this survey is -1.293, and the Ses% of this survey is 7.3441. Both of these values can meet the requirement of a
reliable anthropometry. The results indicated that the accuracy of this anthropometric survey for Chinese young
males is acceptable. 

Table 3: The values of indices for quality control in anthropometric surveys 

Dimension Value Dimension Value

Elbow height 1066.48
Elbow height,

sitting
266.43

Upper arm
length

314.81
Upper arm

length
314.81

Acromion
height

1377.22
Shoulder

height, sitting
604.36

Se% -1.293 Ses% 7.3441

CONCLUSIONS

In this article, we discussed the error detection procedure and applied the procedure to study the 3-D measurements
from the anthropometric survey for Chinese young males. Three methods were used to calculate the accuracy of this
survey, including repetitive scanning measurement, comparison between scanning method and manual method and
error controlling index. All the results of these methods showed that the accuracy of this anthropometric survey
should be acceptable. 
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