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Abstract

The assessment of postural control is importantfediagnosis and monitoring of balance disor8ihough there are qualitative
and quantitative tools (Centre of pressure — CoPjHis evaluation. Some of them show limitationstsas subjectivity or high
equipment costs. The objective of this study isptediminary validation of a more efficient anddesxpensive evaluation system
with therapists. The method consists of findingikirties between CoP and CoM (Centre of Mass)rauthe evaluation of the

postural balance with healthy people.
Results:

A user friendly human computer interface was dgweth the low cost Microsoft Kinect V2 sensor wasdu® evaluate CoM
and an unstable spring force platform was develapedaluate CoP synchronously. For the compaidalata, a subject was
evaluated under open eyes conditions in the uresfabte platform. The test was performed usinguger interface developed
and the data collections showed evident similaritietween CoP and CoM signals.

© 2017 The Authors. Published by Elsevier B.V.
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1. Introduction

The amount of elderly people increase. Between 201b
2050, the population of 60-years-old-and-above [geopt of
the global population will almost double, from 128622% [1].
Moreover, this population has a high risk of fallie risks of
complications (fracture, rhabdomyolysis) and thel'sfa
consequences (loss of independence, post-fall eymes,
dementia) are not trivial. Besides, the cost défi important

2212-8271 © 2017 The Authors. Published by ElseBidf.

due in particular to the time of hospitalizatiohe tsurgery or
the loss of independence.

It should be noted that there is a multitude ofdalisk
factors out of the balance, like orthostatic hyposion,
neurological or cardiac disorders, taking medicaes and/or
foot problem, cognitive impairment [2]. Many fall'gsks
factor are studying: the postural instability issonf the main
risk factors, and it increases with aging [3].

It is relevant to realise specific and reliablegtiasis, to
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prevent falls. There are already several clinical functional
balance tests used in clinic, particularly in pbgiserapy, like
the Berg Balance Scale, the Tinetti Balance SaatkeoTimed
Get Up and Go Test [4]. But, their results depefidhe

physiotherapists’ interpretations and importantfedénce
inter-examiner exist. Moreover, some tests shovitdinhue to
low sensibility or specificity particularly to défentiate high
and low fall of risks.

Since a couple of years, force platforms have ajgoean
the market. They are mostly used in research arel agcess
to the patient’s centre of pressure (CoP). In &iptes study, it
has been shown that force platform permit to qfianteasure
balance and to differentiate balance control aneldgrly and
young people or to predict fall [5, 6]. But the t@md the
understanding of the forces platforms limit theseun large-
scale clinical settings. Most of the time, softwiam&ed to force
platform is closed and not well understanding leyttrerapists.
They have to base their diagnoses on numbers andsthey
don’t know the calculation process.

For a postural balance evaluation, the Berg’'s sealé
others functional balance’s test propose the fatgwprotocol
to the patient. Each subject has to perform foskga

e Task 1: feet apart (gap of 20 centimeters)

e Task 2: feet together

e Task 3: feet in tandem

e Task 4: on one foot (preferential foot)

Each task will be performing under two-by-two cdiutis:

« Eyes Open
« Eyes closed
And

« Stable force platform

« Unstable force platform (except: on one foot/eyes
closed and feet in tandem/eyes closed conditians, f
safety reasons).

The position of the feet is standardized with federnally
rotated at their comfortable stance but with hedheel
distance fixed [7]:

e Task 1: heels outside the line « 0,2 meter »

» Task 2 : heels on both side of the center line

» Task 3 : heels on the center line

e Task 4 : foot on the center line

The time of acquisition of the CoP and CoM signals
dependent on the task investigate [8]. We adapinieof each
task according to the difficulty.

Over the last few years, some inexpensive, reljgrkcise
cameras have emerged. There is a certain interéis¢ iuse of
those cameras in medicine. It has been establistadhose
tools can give the whole body Centre of Mass (Cektursion
and velocity of a person [9]. Microsoft's Kinectnser V2
(MK2) has an active infra-red camera and as a dsetisor
(3D). The resultant technology has the ability &sfprm 3D
tracking of head, trunk, limbs, and hands motiontiagking
the location of 25 inferred joint centroids acrdhe entire
body. This technology may complement or replacectiveent
forces platforms that are wusually not
physiotherapists.

The aim of the research project is to study dateetation
between data from the force platform (CoP) and &tata the

Mk2 (CoM). In this article, authors explained tresiyn of the
complete force platform-MK2 system associated ® tiser
interface to be able to measure the CoP and Colfeirearly
stage of the project.

Most of the studies on the postural control usebB. For
technical reasons, just a few studies use the @dRhe CoM
together. The CoM’s calculation is still a limit e used in
postural control’s studies [10]. One recent redeatady uses
force platform and MK2 sensor and a modified BerjaBce
Scale (mBBS). The balance is evaluated in oniagiftosition
and several conditions are tested [11]. It showsetations
between the trunk centroids (“Spine_Mid”, “Neck” dan
“Head”) and the CoP centroid inferred by the foptatform.
Researchers have determined that the data recdnyglatle
MK2 is sufficient to classify three distinct statef postural
stability in a healthy individual performing the id8B

We want to support this research by looking forelations
between CoP and CoM in standing position. We areggto
collect data from MK2 and force platform built inroresearch
laboratory, thanks to the achievement of balantesss. The
balance’s tests are inspired by clinical scaletilteeBBS or the
single leg balance test. The BBS was developed diniaal
measure of functional balance specifically in eljgpdpulation
[5].

The benefit of this research will be to substitilte use of
force platforms by inexpensive cameras presenbimdost
technologies like the MK2. The aim is to spreadube of those
tools, and the dedicated software, in rehabilitatientres. It is
a quantitative and reliable detection method andlitpermit
in future, to detect fall-prone subjects.

The next section will present the materials andniie¢hod
developed for this early stage of the project: dbtail of the
force platform, the user interface, the experimes¢dup and
the collection of data. Then, the results preseatedist of the
first observation of the CoP and CoM correlation.

Centre of Pressure and Centre of Masse Definitions

CoP definition: the Center of Pressure is a paira surface
through which the resultant force due to pressasses.

CoM definition: The Centre of Mass is the pointdtich
the entire mass of a body may be considered comtedtfor
some purposes; formally, the point such that tret fnoment
of a physical or geometric object about every tim®ugh the
point is zero.

2. Materialsand M ethods

2.1 Materials

The force platform has been designed at the teolyiuall
Gl-Nova Centre (Grenoble). It is fit with four spgs (the
stiffness from 15N/mm to 25N/mm can be chosen), two
electromagnetic suction cups that allow to lock anbbck the
force platform [12]. Four load cells have beenatietl in order
to measure the force repartition in real time (Big.

The NI USB-6008 data acquisition box from National

salisfying|nsirument was chosen. Indeed, it has the chaisiitsr

required to work with the previous components, &t a
affordable cost. It has eight analog inputs that lse used for
single measurements or for differential measuresent
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addition, since LabVIEW's work software is from Matl product only if they understand it. In the casepos®ed, they
Instruments, this greatly facilitates compatibiliigtween our participate to the complete elaboration of the eatibn system
used hardware. (platform, user interface, data treatment, etcfler®numerous
iterations, the complete proposition of the new leation
Load cel system is proposed. The therapists’ community wstded the
technical choices, the data treatment strategy theduser
interface. The data analysis is done with the fhistand the
researcher to find the better representations asiitution of
results. The diagnosis proposed by the health gsafeals
depends on the quality of this restitution.

This version of the interface is simplified to allan easily
understanding by the therapists. It is possibidéatify on the

. Spring Figure 2, the pgtient_data area (Namg, Age,.Weigéight and
Suction cur gender), the Kinect image and the joints pointsural by the

Fig 1: CAD model of the experimental platform deyd in GI-Nova Kinect, the stabilization area (to choose the Stghnstability
Centre. of the platform), the selected test (position of fhet on the

The MK2 features a 1080p (for HD video acquisition) pjatform and eyes closed or eyes opened), the yeesensor
camera, an active infrared (IR) camera, and a d&piBor (for  yajues area, and three graphs displayed in real fiinanks to

The acquisition software used was Labview softvare the  gjidate the effective subject detection beforeréigistration.
data were acquired at 33.3 Hz. )
2.3. Subjects

2.2. User Interface )
The current study was proposed not only to validate

An essential point of the experimental developmenpargware technologies the dedicated software battalverify
concerns the easy interaction between the systaintl®  conherence between CoP and CoM. Only one healthgatib
therapist. Wl_th the part|c_|pat|0n o_f professiondilem the necessary in this stage. He has no history of hegical or
health domain, a user friendless interface was qsep 0 yestibular disorder or serious musculo-skeletal urinj

manipulate the current materials (Fig 2.). Baseth@wersion,  gisplayed healthy upper and lower limb functionyigler the
researchers and therapists will iteratively inceeatie  age of 65 and has sign consent form.

effectiveness of the manipulation. It is known thsgrs accept

/v{ PATIENT DATA ‘
— e T e e e e e e e e e | STABILISATION AREA |
MNAME SUBJECT ?ENDER I
TTTTTTTTTT [mace |&
DATE AGE WEIGHT HEIGHT J — — .
I :\21 380 :1,8 I / FORCE PLAT-FORME I
L e e e e e e e e e e === START || 9
I—————————————————————I UNSTABLE
. I - == nUMEER =
I _1 I Elapsed Time (s) =
I KINECT IMAGE I 38
Position of the feet:
I/ I feet apart (=]
I o~ SELECTED TEST
JOINTS POINTS I _
CAPTURED BY | eyes-close ([ Vorsae [~ )
THE KINECT . e = . '
I PRESSURE SENSORS
VALUE VS TIME
pioto FR¥ | béplacement du cop rioto ERNG |
0,34+ "
0,32-]
03]

'
o 36E+9

2 0,26

£
> 0,24

0,22}
02-] -
B FnsH
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CoM (X;Y) CoM (X ;2) CoP (X;Y)

Fig 2. Human Computer Interface (HCI) designed whirapists.
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2.4. Experimental Setup

Materials

For optimized tracking, subject is positioned iorfr of the
MK2 placed (using a tripod) at a distance of apprately
2.5 meters from the center of the force platformmt & meters
from the floor [13, 14] (Fig. 3).

2,8m

2.5m

a
.f{.\
Y

H
0

Ty,
R

1,4m
1,9m

—

154

Fig 3. Experimental layout for data collection: fadb standing on the center

of a force platform at a distance of 2.5 metermftbe MK2 [11].

The force platform is from 50 centimeters wide and

22 centimeters high. Marks indicate the positide&t on the
force platform. The marks allow the position of gbject in
the middle of the force platform and to control ¢z between
the feet during the different tasks.

A target of ten centimeter large is placed on th# at eyes
level and at 2,8 meter from the center of the fale¢form. To
calibrate the force platform, several known massewmit on
the centre of the force platform and the four semseere
calibrated.

Protocol

Subject is instructed to stand barefoot on thecf@iatform

in front of the MK2. He has to stand arms at tk&les and eyes

focused on the target on the wall. The positiorthef feet is
standardized with feet externally rotated at tleeimfortable
stance.

The proposed task consisted in a 20seconds activity
Positioned in vertical equilibrium on both feet tbubject must

lean forward and then return to the vertical efuilim

position, then lean to the right and return to trestical

equilibrium position again. The subject was aske@peat this
sequence three times.

2.5Data Collection

In this preliminary phase of the project, the objecis to
find similarities between CoP and CoM signals. Adang to
the therapist points of views, the experience bashbw that

the CoM signal given by the MK2 could be used as th

reference for future diagnosis. Knowing this ohijext
simplified experimented situation has been propesdx able
to validate the proposal with therapists.

» First 5 sec and final 5 sec will be discarded.

e Start recording 5 sec before balance on one foahé

e The subject was asked to repeat these sequenee thre
times.
Recording during movement and stop 5 sec after
holding position on the center of the platform.

The analyzed variables were the amplitude variatiothe
CoP and the CoM oscillations in the AP (back amd/éwd) and
ML (left and right) directions. The figure 4 illustes the
ground reaction forces {Ro Ry) that are obtained by the
platform for further calculation of the CoP’s osatilon in the
AP direction, represented byog and ML, by yop.

Fig. 4. Illustration of the ground reaction forces and the x, y and z for
determining the direction and sense of x CoP and y CoP.

The data will be acquired with a sample rate 0833z. To
calculate the CoP coordinates from the four loadlsce
equivalence of forces is used (equation 1):

-R=Y%,F, 1)

WhereR is the weight of the body in the CoP’s point al_fwdre
the forces reactions at each springs.
And the equivalent torques are (equation 2):
~(F*R) =T, @+ F) (2)

Projections on th& andy axes (equation 3) :
a(Rz+R3)

| ®3)
a(R3+R4)

R

Xcop * R = (Ry + R3)a = xcop =

Ycor * R = (R3 + Rya= ycop =

And finally the CoP coordinates are (equation 4):
a(R,+R;) ~ _a(R;+R,)

4 CoP™— 4 4
le R le R 4)

Wherea is the distance between the load cells (240 mm in
the present platform), and (=1 to 4) is the reaction measured
at each load cell.

The MK2 provided 25 points of the human body that a
used to calculate the CoM from equations (5) and (6

Xeop™

COMsegment = ]Ohwpraxlmat + Uomtpraxtmal _jomtpraximal) * Rproxtmai (5)

6
COMotar = Z COMsegmean- * Py ( )

To perform these calculations, data provided inl@ah(for R
and P) are used.

Data were collected according to the:,(Wpt, Z)-platform
coordinates as a function of time. Then the amgpétwof

right of the subject), go back to the middle of theXpt (ML), ypt (AP), 7 (vertical) were calculated, and the CoP

platform, and balance to the front position.

represented.
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Table 1. CoM position for each segment of the hubwdy and their
respective weight.

Segment Joint proximal Joint distal R P

head - neck SpineShoulder Head 1 0.081
torso SpineBase SpineShoulder | 0.53(0.5) | 0.355
Pelvis SpineBase - - 0.142
arms Shoulder Elbow 0.436 0.028
fore arm Elbow Wirst 0.43 0.016
hand Hand - - 0.006
thigh Hip Knee 0.433 0.1

leg Knee Ankle 0.433 0.0465
foot Foot - - 0.0145

The CoM position were also be calculated. The I¢xal
coordinates referee was used. Correspamen

between the two coordinates systems is done by(&ig):

Yk, Z)-Kinect
° Xpt = Xk
° th = - Z<
° Zpt = Yk
Zpt

Force Platform

Fig. 5. Kinect coordinate system and platform coordinate system

6,5

5,5

4,5

3,5

-20
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3. Results

We have collected the (x, y) coordinates from tbecd
platform and (x, y, z) coordinates from the MK2aafinction
of time. A person, eyes-opened, standing in frdrthe MK2
and on the unstable force platform had perforntakk.

The experiment has been done and the data coltectio

analyzed. Figure 6 shows the four sensors sigmalyq(t)
versus time (in sec). They represent the reactieasured at
each load cell: Ri (i=1 to 4). From the protocabposed, it is
validated that the sensors 1 and 2 are in ghdinection and the
sensors 2 and 4 are in thg direction. This (¥; Y reference
mark corresponds to the CoP coordinate system sing the
equation 1, it is possible to represent the figure

In theory, CoP is the vertical projection of CoMeWecide
to trace the both to verify it and to be able togwse a more
effective and less expensive device to evaluateptistural
balance to the medical community

This figure 7 is in concordance with the experience

proposed. Firstly, the subject leans to his rifgatying the feet
in contact with the platform. Then, he returnshe tentre of
the platform and then he leans forwards. He reffgsitthree
times this actions, it is exactly what is showntlis figure 7.
In this graph, the amplitude signal in the AP di@tis about
0,02m and 0,04m in the ML direction

The figure 8 represents the CoM, in the ;(xz) reference
mark of the MK2 coordinate system. Again, the foeshdignal
is in accordance with the experience proposedhikigraph,
the amplitude signal in the AP direction is abodt®and 0,2m
in the ML direction.

These two figures show that the signal amplitude tha

Load cells sensors (volt/sec)

A sensorl +

sensor 2

Fig 7. CoP point position calculated from the lgatl signals.

-40

O sensor3 O sensor4

Fig 6. Four load cells signals in the task perfame

100

0
160

-20

Fig 8. CoM point position in the(X; -Z) plane, maasd by the MK2.
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same global shape and is four times larger foCible than the
CoM. The figures 9 compare the CoP and CoM sigimalbe
same direction. They confirm the scale differencel she
measurement correlation.

4. Discussion
During the pre-test, CoP and CoM during one prdmbas

been displayed. Some results were surprising hsitpiie-test
permit us to synchronise both CoM and CoP. It alkmws to

focused on the design of user friendly human coemput
interface (HCI) that allow the easy control of #ystem by the
health professionals. The other way is currentlyrtove to this
community that the numerical data obtained withltve-cost
MK2 system is reliable and robust.

The pre-test permit us to collect synchronous Colll @oP
data in real time. Preliminary results clearly skdwshape
similarities of these two signals. The easy maifioh of the
HCI by therapists and the collected results angt pesmising.

To confirm these interesting results, the nextstamsist of

decide the tasks which can be chosen to observily easrealising more compete experiences with healthyjestd

similarities between these signals. This phaseeasasntial to
argue with therapists. After explaining the expenial
conditions and the signals representation, heatifepsionals
showed motivation to experiment more conditionwhigalthy
subject. Very interesting results in an easy to eusténd
proposed experience were obtained (similar shapgo8fand
CoM signals in figures 7 and 8).

At this time, it is still difficult to discuss abbthe amplitude

following the standard protocol described befores{fions of
feet, open/closed eyes and stable/unstable platfaire will
experiment the complete postural evaluation systerseveral
subjects and under different conditions to be alde
progressively validate this more efficient and lespensive
proposal.

Then, the objective will be to add a video camersitpned
at 90° of the Kinect sensor to validate the precisif the COM

and the accuracy of these CoP and CoM informationdeviation. At the end, the system will be evaluataeda large

Moreover, the accuracy of the CoM is non negligibdeause
is between 20 to 40 mm depending of the trial. Mueg, the
mean oscillation speed and the total oscillati@adrave to be
analysed. These data are commonly used by ther&pist
evaluate the postural balance of patients.

During the last experimentations, an easy and oet@pl
manipulation of the system by the therapists waseoked.
They are able to configure the test, to launchetkgeriment
and to register data autonomously. The last stegisting of
analysing data is currently done with the assigtand
researchers.

X(CoP) and X(CoM) comparison (in mm)  emm=X_CoP
120 X_CoM
80
40
-40
A AN N <D ONOOOTO A ANMSTWNMW ONNOO O
TNeoSTnwereg NI s3s3g
100 Y(CoP) and -Z(CoM) comparison (in mm)
e CoP neg(Z_CoM)
80
60
40
20
J Sg—
-20
ST ANN TN ONNDOHTO A AN MW OMN~N0O O
caosnmon~og a8 3533

Fig 9. CoM and CoP respective positions.
5. Conclusion
This research consists of evaluating the postwakrte in

a more efficient and less expensive way. For thatchallenge
is to validate obtained results with therapistseQvay was

number of patients.
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