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Abstract

The aim of this work was to estimate limitations related of the actual resolution of images taken into
the object reconstruction procedure (using Structure from Motion method) applied for anthropometric
measurements. This is necessary to define technical parameters of equipment used for this application.

A series of 42 images of the sample static object were taken with use of high resolution camera. The
object was in a stable position, properly illuminated with stable, diffused light sources. With use of VisualSFM
software a virtual cloud of points representing real points of examined object was calculated. During tests a
resolution of input images were changed then the calculation time and influence of the number of points in the
cloud onto deviation of selected anthropometric parameters were analyzed.

In conditions of the performed experiment decreasing of the resolution of input images to the level of 80 %
of initial value (or lower) has significant influence onto results of the measurements of selected anthropometric
parameters.

Structure from Motion (SfM) technique can be adopted for anthropometric measurement systems when
the input images are taken with high resolution imaging device (over a dozen of million pixels). Presented
measurement method for anthropometry is characterized by ease of use, do not need any calibration before
measurements or specialized equipment. Thank to this can be adopted in practice in any conditions and operated
by unskilled operator.
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H3MepeHusi aHTPONIOMETPUYECKHUX MAPAMETPOB HA OCHOBE
TEXHOJOTUM BU3yaJIu3alUU JIBHKEHUS

MMackko C.!, CyrkoBckuii M.2

Hnemumym mukpomexanuku u pomonuku, Bapuiasckuii norumexnuieckutl yHueepcumen,
yn.ce A Bobonu, 8, 02-525, Bapwasa, Ionvua
2 Unemumym MukposieKmpoHUKY u ORMOdNeKMPOHUKY, Bapuiadckutl nonumexnudeckull yHueepcumen,

yi. Hososetickas 15/19, 00-665 Bapwasa, [onvua

Tocmynuna 19.10.2015
Ipunama xk newamu 14.11.2016

Lenpio maHHON paboTHI SBJSUIACH OLIEHKA OTPaHWYCHUH, CBS3aHHBIX C (PAKTUYECKUM pa3pelicHuEM
n300paXeHUH, BBITIOJIHEHHBIX B IPOIECCE PEKOHCTPYKIHH OOBEKTa C HCIOJIB30BAHUEM TEXHOJIOTHH
BU3yaIM3allii JBIKCHHS B HM3MEPEHHE aHTPOIOMETPUYECKHX IMapaMeTpoB. JTO HEOOXOAMMO B IIEJISX
OIIpe/IeNICHHs] TTapaMeTPOB arllaparypsl, CiayKamlel st TOTo JKe TPUMEHEHUSI.

[MocpenctBom 1mdpoBoii KaMmepbl NpPo(ecCHOHAILHOTO Kiacca € BBICOKMM pa3peuicHueM Oblia
BEITIONTHEHA cepusi n3 42 m300pakeHNi 0bpasia cTarndeckoro 0obekra. OOBEKT HAXOAWIICS B OMHOM U TOH
)K€ TOYKE MPOCTPAHCTBA B YCTOMUMBOM MOJIOKEHUH U OCBELIAJICSI PACCESIHHBIM M3JTy4YeHUEM, CO3/IaBACMbIM
CTaHJaPTHBIMU HCTOYHUKAMH CBETA CO CTAOMIILHBIMH XapakTepucTukaMu. C HCIIOIb30BaHHEM ITPOIPAMMHOTO
obecrieuenust VisualSFM Oblia ToilydeHa COBOKYIHOCTh T'€OMETPHUYECKHX OTCUETOB — «BHUPTyalbHOE
00JIaKO TOUYEK», PEICTABISIONINX COOOW TOUKHM, BOCIIPOM3BOANMBIE Ha HcCclieyeMoM o0bekTe. B mpomecce
HCCIIeIOBAaHUH pa3peleHne n300paKeHNH W3MEHSIOCh, YTO MO3BOJIMIIO BBISIBUTH OTKJIOHEHHS BBIOPAaHHBIX
AQHTPOIIOMETPUYECKUX MApPaMETPOB U BBIMIOJIIHUTD UX aHAJIH3.

B ycnoBHsIX MPOBEIEHHOT0 SKCIIEPUMEHTA YMEHBIICHNE Pa3pEIIeHNUs] BXOJHBIX H300paeHUH 10 YPOBHSI
80 % (mnm Gobllie) OT MEePBOHAYAIBHOTO 3HAYEHHS OKa3bIBA€T CYIIECTBEHHOE BIHMSHHME Ha pe3ysbTaThl
M3MepeHH BRIOPAaHHBIX aHTPOIIOMETPHUECKUX TTapaMeTPOB.

Texnonorus Bu3yasnmzanuu aBmxeHus (SfM) MokeT OBITh MCIIONB30BaHA AJISI aHTPOIIOMETPUUYECKHX
HU3MEPUTENBHBIX CHCTEM, KOIJIa BXOJHBIC M300paKEHHsI BBIMOIHIIOTCS C BBHICOKMM pasperieHueM (Oolee
JiecsiTKa MIJUTHOHOB THKcenel ). [IpencTaBneHHbIid MeTOI I3MEPEHUS [UTsl aHTPOTIOMETPHHU XapaKTepH3yeTcs
MPOCTOTOM  HMCIONIb30BaHUSI, HE Tpelyercs KakoH-1M00 KaluOpOBKH TMepel HW3MEPEHUSMHU  WIH
CTeMAIN3UPOBAHHON armaparypsl. biaronapst 3ToMy, MOXKeT OBITh IPUHST Ha TIPAKTHKE B JIIOOBIX YCIOBHUIX
U YIpaBiIsIeTcsl HeKBaTH(QUIIMPOBAHHBIM OTIEPATOPOM.

KuroueBble cj10Ba: TEXHOJIOTHS BU3yasin3anuu aBwkeHust (SfM), antporiomerpusi.
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Introduction

Anthropometry refers to physical measurements
of human individuals for anthropological purposes.
In vivo measurements of the parameters instead
of classical contact methods can be done inter
alia by optical way. However the classical optical
measurement systems are much more comfortable
for the models (patient or examined person) and can
produce results of many anthropometric values with
high precision they are in general very complicated in
construction and operation, moreover are expensive
ones. In this paper we are presenting a low-cost
optical method applied for measure anthropometric
individuals of humans’ face (i.e. facial index, nasal
index etc.). It is also very simple for operators and
do not need any physical calibration procedures.
Thanks to the simplicity the measuring stand can be
arranged in quite every place and can be performed
by unskilled person what makes this system very
portable. In the paper we discuss an influence of
the image resolution onto calculation time and final
results (measured values).

The measurements of anthropometric values of
the humans’ face are widely used in many different
applications, beginning from physical anthropology,
medicine (medical analysis, surgery) through security
systems (face recognition) to industrial and design
(clothing, ergonomics etc.). Most of these values can
be determined by use of optical methods [1, 2]. Many
of these methods are based on image recognition and
image processing. There are divided for two general
branches: two-dimensional and 3D data collection
[3—5]. Two-dimensional methods are limited by lack
of some information (no depth data or only predicted
values). However some of the applications can
successfully adopt them (i.e. face recognition) they
has some limitations (i.e. impossibility of measure
of important anthropometric values). Thus a 3D
imaging systems are much more suitable but in other
hand inconvenient due to the necessity of complex
build and calibration procedures.

In the paper a very simple imaging system
with no calibration demand for anthropometry is
presented. The system is based on widely known
Structure from Motion (SfM) technique [6—9]. With
use of SfM reconstruction of shape of the object
from multiple camera views can be realized. The
StM theorem assume unknown or partially unknown
parameters of the camera which may change in
time additionally. Having a set of n images taken
from m fixed 3D points SfM estimate n projection

matrices and thus an estimated 3D points cloud
of the object can be achieved (see Figure 1). The
relative coordinates of the object’s points can be
determined and consequently relative geometrical
values calculated. However in this method there is
a kind of latitude allowed during measurements (no
need of any additional procedures, adjustments nor
calibration), SfM charges main computer performing
necessary calculations very hardly.

In the application when determination of the
geometrical values is needed (as in this case) the most
important is to achieve as good reconstruction quality
as possible to achieve best possible representation of
the real world in the reconstructed scene. The number
of points in a cloud in the reconstructed model in
SfM method determines how precise the real object
is reconstructed and is related to the resolution of the
input images. The greater the number of points in the
reconstructed cloud the higher accuracy is achieved.
This in turn is strictly dependent on the quality
of recorded images (due to a number of factors,
including the number of pixels of input images).

In typical applications, the SfM method uses of
images in which the number of pixels ranges from 1
to 5 mega pixels. We decided use for the collection of
input images a much larger number of them — images
were recorded by detector with approx. 24 million of
effective pixels. Then reduction of the resolution of
the input images were made to determine what the
minimum number of pixels is needed to determine
the correct quantity of geometric parameters
registered object (parameters of the face). This is
of practical importance because the reduction of the
number of points is reflected in a strong reduction
of processing time. In future studies, where research
will be attended by more people calculation time has
important practical significance.

The goal of this work is to adopt Structure
from Motion technique as a tool for determination
of anthropometric parameters. This kind of SfM
application was never performed before. The Authors
define requirements needed for use SfM in this
application and verify influence of the resolution of
the input images onto uncertainty of the determination
of the coordinates of measured points — what in
consequence will cause measurement uncertainties.

Aseries of images taken from fixed points (on the
figure points P1, P2, P3 shows few selected camera
positions only) is needed. Numerical calculations
allow to determine relative 3D coordinates of the
object’s points. Collecting data of many points lead
to shape reconstruction [12].
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Figure 1 — The basic idea of object’s point estimation with
use of SfM (by commons.wikimedia.org)

Shape reconstruction

Experimental set-up used in our experiment
consists of the consumer type digital photographic
camera (Nikon D610, full frame sensor, 24.3 million
of effective pixels) with varifocal lens (Nikkor 24—
85 mm) and a diffused light source (for proper and
shadow free illumination of the object). A model
(patient or examined person) was in a stable position
on a backed chair.

For the measurements is needed to take a
series of pictures from different points of view with
constant exposure value and focal point placed at the
object (patient or examined person). In general the
more picture is taken from different angles and the
better resolution of the input images the more precise
shape reconstruction can be done but in consequence
the more calculation time is needed. The goal of the
experiment is to determine the influence of the pixel
count of the corresponding series of input images on
the final results of the measurements in the optical
set-up for anthropometric measurements.

A series of 42 pictures with constant exposure
conditions (i.e. aperture /75.6, exposure time = 1/60 s,
equv. ISO = 1600, focal length /= 50 mm) from
different positions were done. In the field of view a
standard pattern with series of squares was placed used
for absolute geometrical dimensions determination.
Pictures were recorded as a RAW type (NEF) files with
native camera resolution (6016 x 4016 pixels). Image
data was processed with use of Adobe Photoshop
Lightroom post-processing software. The images was
sampled from RAW data to different final resolution
described in percentage values of initial pixel count.
As aresult it was achieved a series of identical images
differing only in pixel count was achieved.

To avoid possible differences in object’s points
determination during experiment a special circular

markers were placed on the object (patient or examined
person). Obviously these markers are needless when
the anthropometric measurements would be performed
and was applied only for these tests.

The schematic diagram of the experimental set-
up is shown on Figure 2.

Figure 2 — Experimental set-up for anthropological values
determination with use of Structure from Motion (SfM).
Obj. — position of the object (patient or examined person);
P,...P —points where the consequent images was taken from
(for convenience only start-point and end-point are marked)

Taken images were directed to the reconstruction
software which in this case was a VisualSFM v
0.5.25 [10, 11]. The calculation was performed on
the PC-machine equipped with CPU Intel Core i5
M520@2.40GHz, memory RAM 8GB and operating
system Windows 8.1 Pro 64-bit. A series of 42 images
was enough to make reconstruction of the 3D model
of the scene. Resulting model is shown in Figure 3.
The calculation time as a function of final pixel count
are shown in the Table and Figure 4.

Figure 3 — Reconstructed model with use of SfM method.
The standard pattern is shown on the image on the right, it
was present in the scene and used for absolute dimensions
determination. On the image applied markers placed on
the object (patient or examined person) are visible

As expected the calculation time dramatically
decreases with smaller image resolution, starting
from over 45 min to a little bit over 4 min. With the
decreasing number of pixels of the input images a final
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number of the reconstructed points also decreased
starting from approx. 625k points to 68k points. This
is shown in the Table.

As a result of the experiment we took some
exemplary measurements. Employing sample points
(markers) on the patient’s face exemplary distances in
vertical and horizontal directions were determined in a
function of initial resolution of series of images taken
for SfM reconstruction. It is shown on Figure 5 and
Figure 6. The distances between consecutive markers
taken from the cloud of points with highest density
(marked as 100 %) were assigned as a reference
value. Results are shown as absolute difference to this
reference. As shown a difference does not exceed a
level of 2 mm when the initial resolution is 80 % or
higher. When density of the cloud decreases measured
distances has more uncertainty, achieving quite
A = 8 mm at the worst case. Such big uncertainty
is caused by errors of the reconstruction. The more
points are reconstructed in the cloud the more precise
determination of the coordinates of the markers can be
done and the final results in measurements are better.

In the experiment the number of the points in the
cloud after reconstruction was decreased dramatically
(approx. by the factor of 9, as a result of decrease of
the resolution of the input images) and causes that
some points are not present in the reconstructed model
and thus precise determination of the coordinates of
some markers is impossible. In consequence, the
quality of the reconstruction has a major influence on
the usefulness of the SfM method in this application.

[min]
50
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40 3
354
304
254
204 J
154
10+

54

0 T T T T T T 1
100% 90% 80% 70% 60% 50% 40% 30% [%]

Figure 4 — Dependence of calculation time vs initial
images resolution

Table

Influence of input images resolution on measured values of calculation time and the number of reconstructed
points in the cloud. Resolution is shown as a resulting pixel count of camera «native» resolution (6016 x 4016 pi-
xels — 24.16 million of pixels). In the brackets — relative change of the parameter

Image resolution (relative)

Points in the cloud [107]

Calculation time [min]

30 % 68 770 (11 %) 4,25 (9 %)
40 % 116 252 (19 %) 7,85 (17 %)
50 % 169 741 (27 %) 11,73 (26 %)
60 % 259 179 (41 %) 20,35 (45 %)
70 % 328 401 (52 %) 23,8 (52 %)
80 % 430 521 (69 %) 31,68 (70 %)
90 % 518 622 (83 %) 40,33 (89 %)
100 % 625 754 (100 %) 45,43 (100 %)
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Figure 5 — Results of the determination of horizontal distances on the objects (face) — a, b. Selected anthropometric points
were marked and exemplary dimensions were determined — c. R, L indices — denotes right or left respectively; 7 — tempus
(temple); O — oculus (eye); Z — zygoma (zygomatic arche); OS — oris (mouth edge); g — angulus (gonial angle)
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a
Figure 6 — Results of the determination of vertical distances on the objects (face) — a. Selected anthropometric points were
marked and exemplary dimensions were determined — b. R, L indices — denotes right or left respectively; m — mentum
(chin); n — nasus (nose); f— frontis (frontal bone)

Conclusion determined and thus real distances between marked
points can be calculated.
In the paper a simple, non-invasive and rapid The resolution of the initial images has major

method of reconstruction of the human body influence of the measure uncertainty. The lower
shape (head as an example) is presented. Thanks resolution of the input images the lower number of
to its simplicity it do not demand any complicated pointsinthe cloud (ofthe reconstructed object) can be
operation nor calibration before data collection. The calculated. And in consequence the smallest distance
only need is to maintain fixed focal plane during possible to measure is dramatically increasing and
image acquisition and constant exposure. In other the measurement error also increases. This is the
hand mentioned advantages requires engagement of  price to pay when the system has to work faster.
relatively complicated numerical procedures and thus ~ But it has been shown that from a practical point
needs powerful hardware for analysis (computers) of view, in many applications, it is not necessary to
and/or relatively long time for calculation. As a use as high resolution matrices as used here, since
result we achieve a 3D data (shape) which allow to  calculation time increases disproportionately with
determine relative coordinates (x, y, z) of the selected  respect to the advantages it brings more accurately
points on the examined object. reconstructed model. In the case of experiment

When in the scene the standard pattern is present  presented in this paper the reduction of the number of
as a reference the absolute geometrical values can be  pixels in reconstructed model shows approximately
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proportional influence on the reduction of calculation
time.

In practice Authors can recommend to use in the
proposed application input images with resolution of
20 million of pixels or better. Thus the reconstruction
consists of more number of points in the cloud (in
our case more than 430 million of points) and
precision of the determination of the coordinates of
the markers can be satisfactory.

Thanks to the simplicity the SfM is also suitable
for design and ergonomic engineering. In some
of the applications the possible higher error in the
measurements can be accepted and the initial images
can be taken with smaller resolution and the final
results can be reached quicker.
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