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Abstract

Introduction: Three-dimensional (3D) scanners are widely used in medicine. One of the
applications of 3D scanners is the acquisition of anthropometric dimensions for ergonomics
and the creation of an anthropometry data bank. The aim of this study was to evaluate the
precision and accuracy of a modified 3D scanner fabricated in this study.

Methods: In this work, a 3D scan of the human body was obtained using DAVID Laser
Scanner software and its calibration background, a linear low-power laser, and one
advanced webcam. After the 3D scans were imported to the Geomagic software, 10
anthropometric dimensions of 10 subjects were obtained. The measurements of the
3D scanner were compared to the measurements of the same dimensions by a direct
anthropometric method. The precision and accuracy of the measurements of the 3D
scanner were then evaluated. The obtained data were analyzed using an independent
sample t test with the SPSS software.

Results: The minimum and maximum measurement differences from three consecutive
scans by the 3D scanner were 0.03 mm and 18 mm, respectively. The differences between
the measurements by the direct anthropometry method and the 3D scanner were not
statistically significant. Therefore, the accuracy of the 3D scanner is acceptable.
Conclusion: Future studies will need to focus on the improvement of the scanning speed
and the quality of the scanned image.

Keywords: Anthropometry; Three-dimensional; Technical report; Three-dimensional laser
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Introduction height, width, depth, distances, perimeters, and curves, is

Three-dimensional (3D) whole body scanners have be-
come common and useful tools for obtaining and record-
ing anthropometric data in the last decade.! Anthropom-
etry, which records the surface anatomy of the human
body, is a branch of physical anthropology. In order to
design an appropriate ergonomic environment, the mea-
surement of the specific dimensions of the body, such as

necessary.>

Many new and indirect anthropometric methods have
been widely used owing to their high speed, ease of ad-
ministration, and the provision of accurate information
with high quality, and have supplemented or replaced
traditional manual methods.*® Anthropometric data
from new methods, such as laser scanning, are collected
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automatically, rapidly, and reliably, without human in-
tervention and contact with the subject. New anthropo-
metric techniques are easy to use, non-invasive, low-cost,
reliable, fast, and sufficiently precise. They can also store
information in digital format and provide an archive to be
used for further studies, or recall other data without the
need of people participation.®’

3D laser scanners are widely used in various fields, such
as ergonomics, industrial design, textile industry, reverse
engineering, medicine structural engineering, forestry,
urban development, etc.®™*

Compared to other anthropometric methods, the use of
scanners can be regarded as optimized, owing to three
factors: time, cost, and accuracy."'¢

3D scanners measure the third dimension (z), which is
the depth of a point on the two dimensions (“x” and “y”),
and it is termed voxel (volumetric pixel)."”

Laser triangulation is a common scanning method. The
method is based on a laser light, a couple charged device
(CCD) camera, and a calibration page, where the linear
laser light becomes the light source and the camera de-
tects the movement of light on the surface of the body.
It works by determining two angles and one side of the
triangle (Figure 1)."®

Millions of points can be obtained within a few seconds in

image
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Figure 1. Schematic of the Location of the Camera, Laser, and
the Object in 3D Scanners With the Laser Triangulation Method.
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3D technology. Consequently, this can lead to the creation
of an image with a large number of details and high ac-
curacy computer models. It also creates the possibility of
deriving information such as the shape, distance, perim-
eter, and volume of the object.” In the field of ergonom-
ics, 3D scanners are focused on anthropometry, the size
and shape of the human body, human digital models, and
work environment simulations in order to quickly collect
information without the need for human assistance.?**
Since 1985, many systems that use white light, laser light,
and shadows to collect data points from the human body
have been developed. In the last 20 years, the technology
of human body 3D scanners has witnessed a significant
growth. Numerous studies have been conducted to solve
the problems and flaws of such scanners. Currently, there
are several large companies, such as CAESAR, Cyberware,
[TC]? SYMCAD, Witronic, and Wicks & Wilson, that use
different technologies in manufacturing scanners. As a re-
sult, the final output of the scanners of each brand is to
some extent different from the others.?**

Although Iran has been researching industrial scanners
for some time,* no study on human body scanners and
their application in engineering anthropometry has been
conducted. Therefore, the aim of this study was to assess
the validity and reliability of human body scanners.

Methods

The DAVID laser scanner possesses a software that can
be used to produce 3D scans. In this study, we used the
trial DAVID Laser Scanner software version 2.6.3. In ad-
dition to the DAVID laser scanner software, background
calibration, a linear laser, and an advanced webcam were
used in this study.

Background Calibration in DAVID Laser Scanner
Software

According to the instructions of the DAVID laser scanner,
the calibration background was installed at an exact 90
degree angle. In this software package, it is possible to set

Figure 2. Left Side: Calibration Settings of the DAVID Laser Scanner Software. Right Side: Calibration Background Recorded by the Web-

cam and Displayed by the Software.
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the calibration software background up to Al size. The
distance between points was changed to 50 cm and a 2
m x 2 m background was created in order for the scan-
ner to be compatible with the standard human size. The
background was drawn in AutoCAD software and printed
using a high precision plotter (Figure 2).

Webcam

A Logitech webcam pro 9000 with Carl Zeiss optics, aut-
ofocus and video with up to 30 frames per second was
used in the study. The webcam was placed at a distance
of about 2.5 m across the bisector of the calibration back-
ground angle. The webcam was connected to a computer
equipped with the DAVID Laser Scanner software.

Steps of Construction of 3D Non-contact Human Body
Laser Scanner

First Step: Camera Calibration

The webcam was enhanced with the DAVID laser scanner
software, and all 25 points were visible within the camera’s
field of view; the actual distance between points on the
calibration background (50 cm) was defined with the DA-
VID software (Figure 2).

Second Step: Scanning

In the second step, the laboratory lights were turned off
and any remaining light removed by covering the win-
dows. The linear low-power laser was turned on. The la-

ser power was seen as a continuous, horizontal gleaming
red line with no deviation from the horizon on the soft-
ware screen. At this stage, by moving the laser source by
hand on the support, the linear laser line was slowly and
accurately moved in the vertical direction (up and down).
A 3D file was simultaneously created as the laser was ver-
tically moved over the object (Figure 3). This file could be
stored in .ply or .obj formats (Figure 4).

Third Step: Measurement of Dimensions

In the third step, the output file of the DAVID laser scan-
ner software was imported into a software that could han-
dle the .ply or .obj formats. It should be noted that not all
software packages can read these data formats. In other
words, if you try to open any of such formats with irrele-
vant software, it would be like when you attempt to open
a video file (such as .mp4) with Microsoft Office Word
or Adobe Reader. The Geomagic software can read the
output of the DAVID laser scanner software. The units
of the dimensions in the imported file can be displayed
in microns, millimeters, centimeters, meters, or kilome-
ters. According to the available physical dimensions and
the application of these dimensions in anthropometry,
the millimeter scale was chosen. The curvature, diameter,
volume, length, width, perimeter, and area are some of the
parameters available from Geomagic (Figure 5).

By holding the mouse at any point on the 3D model in
the Geomagic software, it was possible to obtain the co-
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Figure 4. DAVID Laser Scanner Output File. This file can be stored in .ply and .obj formats.
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ordinates of that point in the x, y, and z axes. The x-ax-
is represents the width (i.e., the width of the shoulder),
the y-axis represents the height (i.e., eye height), and the
z-axis represents the depth (i.e., the depth of the chest).
By clicking on a start-point and an end-point, the length,
width, and depth of a limb were obtained. The results are
presented in the next section.

Accuracy and Precision

Next, we evaluated the accuracy of the scanner fabricat-
ed in this study. For this purpose, an object, whose di-
mensions had been previously measured, was scanned
with the scanner. The scanned file was imported into the
Geomagic software. Then, the dimensions were extracted
three consecutive times. The results are presented in the
next section. In addition, 10 students from the School of
Public Health were scanned with the fabricated device and
a number of their body dimensions were measured with
the Geomagic software. Immediately after laser scanning,
the same body dimensions were measured by a tradition-
al anthropometric method. In this study, the shoulder
height, elbow height, waist height, height of the tip of the
middle finger, and the chest width were measured.

Human Model Clothing in Scanning Process

The human models were wearing white clothing during
the scanning process, since laser light can be absorbed
by dark colors. Moreover, the clothing was tight so as
to show the original body shape, but not so tight that it
would reduce the size of the body, particularly in areas
such as the abdomen. The physical position of the models
at the time of scanning was set according to the ISO8520
standard (Figure 6).

Results
In order to verify the accuracy of the measurements of
the built scanner, the square-shaped bottom of a chair

was found to be 36.5 cm with measuring tape. Then,
three successive scans of the chair were performed with
no change in the position of the camera or the calibration
of the scanning system. The size of the object in the three
scans was respectively displayed as 36.59, 36.57, and 36.63
in the Geomagic software.

As mentioned earlier in the Methods section, after deter-
mining the landmarks on a digital 3D model of the human
body, 10 different body dimensions were obtained by the
same operator using the Geomagic software. The process
for obtaining the dimensions was repeated three times.
Table 1 shows the differences for each of the measure-
ments. The minimum and maximum differences between
the three series were 0.03 mm and 18 mm, respectively.
Finally, the anthropometric dimensions of the 10 partic-
ipants obtained from the traditional method and the in-
strumental method were analyzed by a ¢ test. The results
show that there are no significant differences between
the measurements of the traditional method (measuring
tape) and the new method (laser scanner).

The average time for each measurement was 5 minutes
with our 3D laser scanner, where one minute was spent in
changing the clothes to the scanning outfit, 1-2 minutes
for scanning, and 2 minutes for obtaining the dimensions
of the 3D model. The traditional direct method of anthro-
pometry using a caliper to measure the 10 body dimen-
sions required almost the same amount of time.

Discussion and Conclusion

This study was performed in order to assess the accura-
cy and precision of a 3D non-contact human body laser
scanner that was constructed for this study. Anthropo-
metric results from laser scanning methods are preferred
to those from traditional methods due to their higher
accuracy and precision. According to the results of this
study (Table 1), the maximum difference between three
separate measurements for the same individual was found
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Figure 5. Geomagic Screen Shot. The file was imported into the Geomagic software so that the anthropometric dimensions could be

obtained.
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Figure 6. Physical Position of the Model at the Time of Scanning,
as Per the 1SO8520 Standard.

to be 18 mm with the Geomagic software. This difference
was caused by improper recognition of the position and
location of the landmarks by the operator during the mea-
surement and the lack of familiarity working with the soft-
ware. Our findings confirm the results of the study con-
ducted by Lee et al, which compared the measurements
of foot dimensions through 3D scanning and traditional
methods. They showed that smaller dimensions and more
points were achievable with 3D scanning methods than
with the traditional manual methods, and the mean dif-
ference of repeated measurements was reported to be 11.9
mm.* Also, Quimby et al compared the size of comput-
er-generated 3D models of dental molds. They reported
that the errors of two operators in measuring 3D models
ranged between 0.15 to 2.5 mm. In order to reduce such
errors, they suggested better training of the operators.”

Since zooming is available in the 3D image file, such
zooming can affect the measurements by the user. To re-
duce this error when choosing the landmarks in the laser

scanning method, it is better to set the zooming of the
3D scanner image in such a position that the landmark
is easily recognized. Such errors can be reduced by ap-
propriately training the operator with the responsibility
of measuring the dimensions of the 3D human model.
Moreover, improvements on the quality of scanning and
installation of protrusive signs over the landmarks of the
body before scanning can significantly increase the land-
mark identification. Rheude et al** and Marcel* reported
that the experience and training of the operator can have
an important role in reducing the errors in 3D measure-
ment software packages.

In this study, we prepared a 3D image of a human model
using a laser scanner built by ourselves. The dimensions
of the model were obtained from the Geomagic software
and compared to the actual magnitudes measured with a
caliper. The accuracy of the laser scanner, with an error of
less than one percent of a millimeter, was considered ac-
ceptable. Such an error is common in most studies when
comparing the error rate of manual methods and com-
puter based methods. Sohmura et al measured the dimen-
sions of simulated dental molds with a 3D scanner and
reported 0.02 mm differences between the actual molds
and the virtual 3D models.*® Meunier and Yin showed
that there were no significant differences between the
anthropometric results of photographic and traditional
methods.?”

The t test showed no significant differences between the
measurements of the dimensions of 10 participants with
the traditional and laser scanner anthropometric meth-
ods. In addition, the results indicated the acceptable ac-
curacy of our scanner. Jozekanani et al showed that there
were no significant differences between the measure-
ments of feet anthropometry by a digital photography
method and the traditional method, according to their ¢
test (P > 0.05). Also, there was no significant difference
between the measurements of the 10 dimensions mea-
sured in our study by a direct traditional method and
the laser scanner system (Table 2). The maximum stan-
dard deviation (SD) obtained in our study and the study
by Jozekanani et al were 9 mm and 14 mm, respectively.®

Table 1. Differences of the Three Measurements (mm) in the Geomagic Software by the Same Operator

Difference of Measurements:

Obtained Dimensions First and Third Time

Difference of Measurements:
First and Second Times

Difference of Measurements:
Second and Third Times

Eye height -0.9
Shoulder height 1.1
Shoulder width -13.9
Elbow height 0.03
Width of the hips (standing) 12.3
Rump height -8.1
Ankle height 2
Height of the tip of the longest finger -8.1
Knee height -8.6
Height spine 2.8

3.8 5.1

2 =-3.1
12.9 1
—-6.6 6.6
-13.5 1.2
-9.9 18
5.8 -7.9
-6.9 15
10.7 -2
-12.7 9.9

26 |
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Table 2. Comparison of the Measurements of 10 Bodies With the Traditional Method and the Laser Scanner

. . Method of . Difference of Mean
Extracted Dimensions Measurement Mean SD P Value (Traditional vs. 3D)
X Traditional 162.13 9.4
Eye height 3D scanner 162.2 5.0 0-978 0.7
Traditi | 142.57 4.6
Shoulder height raditiona 0.705 0.25
3D scanner 142.32 5.1
Traditional 44.52 2.8
houl idth .641 -0.
Shoulder widt 3D scanner 44.58 2.6 0-6 0.06
Traditi | 109.64 3.7
Elbow height raditiona 0.889 0.34
3D scanner 109.3 3.5
Traditional 31.57 2.2
Width of the hi i .767 -0.14
idth of the hips (standing) 3D scanner 31.71 21 0.76 0
Traditi | 97.57 3.2
Rump height raditiona 0.646 ~0.37
3D scanner 97.94 3.8
Traditional 83.1 3.3
Ankle heigh .897 .37
nile height 3D scanner 82.73 3.1 0-89 0-3
Traditi | 63.12 3.7
Height of the tip of the longest finger raditiona 0.929 -0.25
3D scanner 63.37 3.7
Knee height Traditional 54.34 6.7 0.756 0.45
8 3D scanner 54.79 5.9 ' :
Traditional 58.26 2.7
Length of the spi .7 2
ength of the spine 3D scanner 58.03 2.8 0.708 0-23

at test.

Also, in a study conducted to compare the traditional an-
thropometrical method with digital imaging to evaluate
the dimensions of human faces so as to determine their
beauty, Omrani et al showed that there were no significant
differences between the measurements of the manual and
digital anthropometric methods, and that both methods
could be used for the analysis of the dimensions of the
human face.*®

In the present study, the 3D scanning method proved to be
an acceptable method. Robinette and Daanen stated that
3D scanning was more accurate than traditional meth-
ods and that the errors of the measurement tools could
be controlled and reduced.” Also, Telfer and Woodburn
showed that the measurement of anthropometric foot di-
mensions was more effective using a 3D scanning meth-
od compared to traditional methods, and that it could be
used for a greater number of samples.*

Although the amount of time spent in both methods was
the same, it must be considered that factors such as the
inappropriate posture of the anthropometrist and the vio-
lation of the personal space of the individual who is being
measured are avoided by the laser scanning method, and
that an archive of the 3D files can be built, which elimi-
nates the need for the subject to return to the lab for sub-
sequent studies. However, storing such big graphic files
for a large population can be problematic. Furthermore,
one of the advantages of the traditional method over
the scanning method is that it does not require expen-
sive equipment or deep expertise in order to measure the
physical dimensions.

In the present study, a scanner was built that can be used
in anthropometry engineering as its accuracy and preci-
sion can be considered acceptable. In order to improve

the measuring technology in terms of scanning speed and
the automatic measurement of physical dimensions, there
is a need for teamwork and interdisciplinary studies.
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