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RS SR4C1+1 R3
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3.2.3 19128 WEA (Support Rails)
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Abstract

Balanee problem is one of the major falls risk. Therefore. the balance assessment is
necessary for falls risk sereening. [t can lead to the carly detection and prevention. In this paper,
we present development of a simple force platform for balance asscssment. The sensors used in
our system were thin-filmed polymer-based force sensors. The developed platform could
measure a static weight up to 140 kg. The platform could indicate the Jocation of COG in x- and
y-axis with the aceuracy of +2.5% and £4.5% FSO, respectively.

A balance assessment was performed using this platform. The COG location and area
sway during 30 seconds double-leg stance were collected from healthy people. Forty participants
were enrolled. Average 'age “of male and female were 55.9044.58 und 56.75£2.95years.
respectively. Average of the arca sway of male and female were 1.42+2.02 em” and 1.12 + 0.79
em?, respectively.

Keywords: Force Sensor, Force Platform. Center of Gravity. Balance Assessment
Introduction

Falling is often found in elderly and patients with balance abnormalities.'" In each year,
at least one-third of adults over 65 years of age may experience a fall. In addition. the falling rate
will increase with age and diseases of balance disorders.> " Different balance tests have been
developed to acquire the information of balance capabilities in clinical use. For example, Berg
balance scale is a 14-activities based assessment tool, which is originally developed to assess risk
for falls in elderly and patients with balance problems. The Tinetti test is a simple and easily
administrated test’’, that measures a patient’s gait and balance. The test is scored on the patient’s
ability to perform specific tasks. However, there is no single assessment technique that could be
used as a true indicator of the overall balance ability. Most functional balance scales are easy to
perform and suitable for daily clinical use. but not always accurate enough.

Recently, various laboratory systems integrated with new technologies have been
proposed to gain more detailed information about postural balance, For example, Shumway
developed a dual force plate-feedback system. This dual force plates allowed independent
measurement of the vertical forces applied to the right and left plates and the differential
measurements of forces applied anteriorly and posteriorly ‘on each individual footplate.'”’
Novellino presented a 2-degree of freedom mobile platform, the movement pattern can be easily
programmed using a software. The device is able to perform a wide range of combination of

(T

anteroposterior and mediolateral movements.” .
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In this paper, we present a development of a simple force platform for balance
assessment. In our system, we used low-cost. polymer-based force sensors, instead of expensive
force-sensitive sensors, e.g. load cell, pressure sensor. The developed platform can be used to
estimate the location of COG and area sway. Our force platform for balance assessment is shown
in Fig.1.

Fig. I The photograph of the developed force platform using polymer-based force sensors
Materials and Methods
Force Platform for Balance Assessment

The developed system illustrated in Fig. 2. consists of 3 main parts: a platform, a
processing box and a balance assessment software. We installed four sensitive force sensors at
the bottom side of the force platform. The sensors convert forces acting on the sensitive area to
the change in resistance based on the piezoresistive principle. The processing box performs the
signal conversion and transmits digitized data to a computer via serial communication. The
transmitted data will be recorded at a computer and a software has been developed to calculate
the COG location and area sway.

AsiaSense 20093 Special Lect‘l‘.Jr‘e
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Fig. 2 A simplified diagram of our force platform

1. Platform

The platform base was constructed from a steel plate with the size of 50x50 cm”. Four
movable columns were installed at the four corners of the platform base. At each comner, a
polymer-based force sensor was fixed between the platform and each supporting column. Each
sensor responses to the vertical component of the force on each column. The developed platform
can measure a static weight up to 140 kg limited by the sensor.

2. Processing Box

The processing box collects the changes of resistance from the polymer-based force
sensors. The sensor resistances are converted into the voltage signals using op-amp circuit. The
output signals then pass through low-pass filters in order to attenuate noise. After filtering, the
A/D converstions are performed by PIC16F877 microcontroller. The digitized data are finally
transferred to a computer via RS232 communication.

3. Balance Assessment Software

A computer software (o test the balance ability was developed by Java language. This
computer program consists of two main parts: (a) Serial port setting and'(b) COG and area sway
measurement. After activation, the software initializes the serial communication. When a data set
is available at the serial port, it will be sequentially stored into a buffer. The software calculates
an instantaneous COG and displays its location on the computer screen. After the predefined
interval of 30 second, the program determines the average COG position and area sway. The arca
sway is corresponding to the area of a smallest rectangle that can enclose all of the COG
locations: The flow charl of the developed software is shown Fig. 3. The graphical-interface of
the developed software for COG and arca sway estimation is shown in Fig. 4.
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Balance Assessment Test

Participants: Forty participants aged 40-60 years old were enrolled. Twenty subjects were
males and twenty subjects were females. The balance assessments were conducted only in
healthy participants. Subjects would be filtered out in cases of the abnormal balance, having the
history of falling in the past 6 months or neurological deficits related to balance disorder.

Method: The basic information such as participants’ age, weight and height were
collected using a questionnaire form. Subjects were asked to stand upright on the center of the
force platform in the barefoot condition for 30 seconds. During the test period, subjects were
asked to look straight at a target placed | m away at the eye level. The present cxperiment
selected 30 seconds as a-test interval because 20-and 30-second was an optimal interval for
double-legged stance.”

Results and Discussions

We had tested the overall efficiency of the developed force platform by placing a
standard weight of 20 kg at different locations on the platform and allow the system to calculate
the weight location. The Fig. 5 compares the true location of a standard weight with the location
estimated by the developed system. The preliminary test showed that our platform could indicate
the locations of COG in x- and y-axis with the accuracy of £2.5%FSO and +4.5%FSO,
respectively.

The efficiency of assessing COG location

20
2

18
A E 108 w
< 5

true location

g = & ! .ca\u\ate\ocaﬂon
s 20 10 50 10 20 °
° i
> A  om L

-15

20

X distance (cm)

Fig. 5 Platform efficiency test using the comparison of the true locations of a 20-kg standard weight and
the Jocations calculated from our system

Forty participants aged between 40 and 60 years were enrolled to be studied for double-
legged stance to define an appropriate parameter for assessing balance ability. People in this age
group could be expected to have some level of balance impairment. This experiment had
investigated sway parameters of both genders separately because body segment characteristic,
body weight, and muscular strength difference between genders could have some cffects to sway
parameters. Data of 20 males and 20 females were included for statistical analysis. Subjects’
general characteristics are reported in Table |. Area sway are reported in Table 2. Fig. 6 shows
the distribution of all participants’ COG locations-and average COG locations. According to the
collected data, the average of area sway of male and female werc 1:4242.02¢n° and
1.12+0.79cm’, respectively. We compared our average area sway with the values reported by
Watanatada.” The researcher performed the area sway measurement during single-legged
stance in Thai population. The researcher reported the arca sway was 18.37+11.56 em? and
13.77+10.24 c¢m? for Thai males and Thai females. We may conclude that our results comply
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with the results reported Watanatada’s experiment results, because our arca sway of the
presented subjects was much lower than that of the single-legged stance.

Table 1 Subjects’ general characteristics reported for mean + standard deviation

General Characteristics Males Females
(n=20) (n=20)
Age (ycars) 55.90 = 4.58 56.75 £ 2.95
Height (meters) 1631006 1.5310.05
Weight (kilograms) 61301 9.70 5198 1592
Table 2 COG data and Area sway
Gender & Conditions Mean * SD
Area Sway (cmz)
Males 142+2.02
Females 1.12 £ 0.79
15
10
E 5
E ! Q.. . # COG location
8 L ik * ‘Cs L oo ©average COG
: M
~
-10
-15
X distance (cm)
Fig. 6 Distribution of all participants’ COG locations
Conclusions

We have developed a simple force platform using polymer-based sensors. The
preliminary test shows that our platform could indicate the location of COG in x- and y-axis with
the accuracy of +£2.5%FSO and +4.5%FSO. respectively. A balance assessment had been
performed using the developed platform. The COG location and area sway during 30 seconds
double-leg stance were collected from 40 healthy people. Average of the area sway of male and
female were 1.4242.02 cm’ and 1.12+0.79 em?, respectively. In the future, we plan to develop a
game-based balance exercise using our force platform. It may be cooperated in rehabilitation
program for elderly and patients who have balance problems.
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