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ABSTRACT

ICHINOSEKI-SEKINE, N., Y. KUWAE, Y. HIGASHI, T. FUJIMOTO, M. SEKINE, and T. TAMURA. Improving the Accuracy of
Pedometer Used by the Elderly with the FFT Algorithm. Med. Sci. Sports Exerc., Vol. 38, No. 9, pp. 1674-1681. 2006. Purpose: The
aim of this study was 1o investigale and improve the accuracy of used by the elderly with slow walking
speeds, with or without gait disorders, who do or do not use a cane. Methods: Eighteen subjects walked with a cane (5 males, 13 females;
ape, BU9 + 7.7 yr; height, 148.1 = 7.7 cm; weight, 51.8 + 8.8 kg (mean + SD); nine had impaired gait), and 31 subjects walked without o
cane (7 males, 24 females; age, 80.9 + 7.7 yr: height, 148.1 £ 7.7 cm: weight, 51.8 = 8.8 kg; 15 had impaired gait). Subjects walked for
approximutely 20 m (10 m in each direction and a wming arc) ar their own speed. We determined the number of steps by pedometer
(PM), by visually counting the actual number of steps (RM), and by the tiaxial acceleration signals. The power spectrum of the
ueeelerometer in each direction calculated by fast Fourier transform (FFT) for a 4-s remp I d with the maximum
power of each . It was composited, and the frequency at power was considered as the cadence. The number of steps
taken (FM) was determined by summing all the estimated steps in each window, Results: PM was significantly less than the RM (P <
0.05), and the error of PM was 53.2 + 34.1% of RM. FM did not differ from the RM. and the average error of FM was —0.7 = 7.9% of
RM (absolute value: 5.8 « 5.3%). Conclusion: We suggest that our FFT method is suitable for ing the of steps during
walking in this population. Key Words: ACCELERATION, CADENCE, FAST FOURIER TRANSFORM (FFT), NUMBER OF
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WALK STEPS

romoting increased physical activity among elderly
Ppaticms is needed to improve their quality of life

(QOL). A physically active lifestyle is known to
reduce the risk of various chronic diseases such as coronary
artery disease, diabetes mellitus, hyperiension, and obesity
(2). Likewise, regaining the ability to walk and improving
the performance of activities of daily living (ADL) are
major goals of rehabilitation in patients with walking
disorders (28). However, nearly two thirds of stroke
survivors have impaired mobility and assume a sedentary
lifestyle (29), which increases the risk for recurrent
cardiovascular events and stroke (20-22). Thus. the
measurement of physical activity, specifically locomotion,
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in the elderly and disabled populations would help identify
individuals at risk and would also encourage walking.

A few methods for measuring physical activity include
observational measures, self-reporting or diaries, and pedome
ters. Self-reporting has been used historically but is limited by
the difficulty of estimating total daily walking distance (1),
variation with scoring procedures (23), and dependence on
patients’ memory. Because a pedometer is easy to use and
relatively inexpensive, this device is widely used to
determine daily activity levels (5.27). The pedometer is a
simple device that directly measures physical activity (e.g.,
number of walking steps. distance. time, etc.) and provides
immediate feedback to participants and researchers. Pedome
ters commonly use two methods for counting steps; one is
based on the movement of a mechanical pendulum, and the
other method uses a piezoresistive accelerometer and a
threshold of acceleration signals (17). A mechanical pedome
ter is inexpensive (the lowest price in Japan is approximately
$1) and is easy to use. Daily walking steps and exercise
habits are known to be related to peak oxygen consumption
and ventilation (30). The acceleration pedometer can also be
inexpensive (approximately $30-$300; the standard selling
price in Japan is approximately $50), is easy to use, and is
one of the most commonly used types of pedometer. The



TABLE 1. Physical characteristics of subjects (mean = 5D)

o & S
N=0(male2, N=9(male3, N=16(male3, N=15(male4,
temale 7) female 6) lemale 13) female 11)
Age (yr) 807+ 9.7 781+ 64 81.5+85 B20+48
Haight {cm) 1492 = 101 1492 =59 1472 - 64 1478+88
Waight (kg)  482:90 530+ 71 517+ 88 533:98
BMI(kgm™?) 215:28 237+18 238:34 243+34

SC, senile gail with cane; IC, impaired gait with cane; SN, senile pait without cane; (N,
impaired gait without cang.

accelerometer output has a good relationship to energy
consumption (6,13,19), which is widely accepted as the
standard reference for physical activity.

We examined pedomeler accuracy in this study because of
the increasing interest in using pedometers as a means of
promoting increased physical activity (26,27). Several studies
have demonstrated substantial variations in the accuracy of
pedometers among brands and methods (4,7,14,18.24). In
each of these studies, all the pedometers undercounted the
number of steps by approximately 50-90% at walking speeds
of 50-54 m'min~" (approximately 3.0-3.2 kmh™'). How-
ever, most of the pedometers accurately counted the actual
steps at walking speeds faster than 94 m-min~' (approxi-
mately 5.6 knrh™'). At a slow walking speed of 1.0 mph
(approximately 27 m'min~", or 1.6 kmrh™"), the accelera-
tion pedometer (with a 56% accuracy rate) was superior to
the mechanical pedometer, which indicated 7-20% of the
actual number of steps. These studies suggested that
pedometers may undercount the number of walking steps
in individuals who walk slower than 2 mph (approximately
53 mrmin~ ', or 3.2 kmh '),

As indicated above, the accuracy of pedometers that
depend on vertical movement is less for subjects who walk
slowly. Besides, elderly patients and patients who require
rehabilitation training to recover their gait walk slowly
(16). In addition. walking aids are often used during gait
training o increase stability, reduce the risk of falling, and
improve independent walking (2,12). Rehabilitation for
improving ADL requires accurate assessment: thus, a
pedometer that accurately counts the number of walking
steps is a useful device. However, to our knowledge,
pedometers are inaccurate when used with patients who have
aslow walking speed, have an impaired gait, or use a walking
aid such as a cane (9). An ankle-worn accelerometer-based
pedometer was found to be accurate in patients with gait
disorders caused by conditions such as stroke (16), but this
device is expensive (approximately $1500) and difficult 10
use compared with conventional pedometers because it
requires a computer to operate.

The aim of this study was to assess and improve the
accuracy of pedometer counts for people who are
receiving gait training and have a slow walking speed.
heterogeneity in their gait pattern, or ground reaction
force (reaction force upward when foot is on the ground)
asymmetry because of aging, gait disorders, or the use of
a cane. A siep frequency (cadence) obtained from
acceleration signals during walking was used to estimate
the number of walking steps because vertical movement
was considered 10 be small in this population. The
number of steps counted by the pedometer method (PM)
and the number of steps estimated by using fast Fourier
transform (FFT; FFT method, FM) were compared with
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FIGURE 2—Relationship between number of steps counted visually by a physical therapist (RM) and A) number of steps counted by pedometer
(PM) and B) number of steps estimated using the FFT algorithm (FM). FM significantly correlated with the actual number of steps (F < 0.0001).

the actual number of steps visually counted by a physical
therapist (reference method, RM).

METHODS

Subjects. Forty-nine subjects (12 males, 37 females;
age, 80.9 £ 7.7 yr; height, 148.1 = 7.7 em; weight, 51.8 £
8.8 kg: BMI, 23.5 = 3.1 mean = SD) from the commuting
rehabilitation services center at Fujimoto Hayasuzu Hos-
pital, Japan, participated in this study (Table 1). Eighteen
subjects walked with a cane (senile gait (SC), N = 9;
impaired gait (IC), N = 9), and 31 subjects walked without
a cane (senile gait (SN), N = 16; impaired gait (IN), N =
15). Senile gait was defined as the gait disturbance that
often occurs in the elderly, not originated from diseases.
The various gait-impaired subjects suffered from hemi-
plegia, Parkinson’s disease, degenerative joint disease,
lumbar spinal canal stenosis, and total knee arthroplasty.
There were no major physical differences among the four
groups. This study was approved by the ethics commillee
of Fujimoto Hayasuzu Hospital, and written informed
consent was obtained from all subjects.

Measurement system. An acceleration pedometer
and an acceleration measurement system were used in this
study. The pedometer was a biaxial acceleration pedometer
(HJ-720IT, Omron Healthcare Co., Lid., Kyoto, Japan; size,
73 x 47 x 16 mm; weight, 37 g) based on a threshold of
acceleration signals. The acceleration measurement system
consisted of an accelerometer device and a telemeter system
(WEB-5000, Nihon Kohden Co.. Ltd., Tokyo, Japan). The
accelerometer device consisted of a triaxial piezo accelero
meler (Akebono Brake Indusiry Co., Lid., Tokyo, Japan),
amplifiers, and low-pass filters (size, 30 % 40 x 20 mm;
weight, 20 g; range, + 2 g frequency response, (100 Hz,
cutoff frequency. 50 Hz: | g = 9.8 m's™%). We recorded raw
acceleration signals in the anteroposterior (x), lateral (y),
and vertical (z) directions, The accelerometer outputs were
digitized and recorded at a sampling rate of 128 Hz.

Experimental design. We recorded height and weight
measurements for the subjects before testing. Subjecis
walked for approximately 20 m (10 m in each direction and
a turning arc) at their own speed. After the accelerometer
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device was calibrated by measuring the outputs under a
controlled inclination (10), the device was fixed on an
acrylic plate that had two slits for a waist belt. Using an
elastic waist beli, the accelerometer device was aitached lo
the back of the lumbosacral region of the vertebral column
of the subject, which was close to the subject’s center of
gravity. The pedometer was also attached to the right dorsal
region by the same waist belt. We determined the number
of steps counted by the pedometer (PM), the actual number
of steps visually counted by a physical therapist using a
hand-tally counter (RM), and the raw triaxial acceleration
signals for the entire walking period. The walking time for
the 10-m leg of the route was also measured by a stopwaich.

Estimation of the number of steps using FFT. We
estimated the number of steps using the power spectrum of
the raw acceleration signals for the three directions (FM,
Fig. 1). The power spectrum of each direction in the range
of 0.5-3.0 Hz was calculated by FFT for a temporal
window that contained 512 samples (4 s each) of the
signal. It was normalized with the maximum power of each
window, and the normalized power spectrums of the three
directions were composited. We considered the frequency
a1 the maximum power in the composite power spectrum as
the cadence, and the number of steps at the window were
estimated by multiplying the cadence and 4-s window
length. This process was repeated in the next nonover-
lapping temporal window. Finally, the number of steps of
the whole walking period was obtained by summing all the
estimated number of steps in each window. This estimation
procedure was performed on MATLAB, Version 6.0
(MathWorks, Inc., Natick, MA).

TABLE 2. RM, PM, FM, and walking speed (mean : SD).

SC(N=9) IC(N=9) SN (N=16) IN(N=15)
Number of steps (steps)
RM 80.3 =145 783+ 191 742+175 630:213
] 130:186** 267:281** 3BO9:275" 304:235"
™ 14135 786+ 211 721+187 687 : 218
Walkingspesd 350 = 115 330+ 128 41:112 412:72
{mmin~")

SC. senile gait with cang; IG, impaired gait with cang; SN, senile gait without tane; IN,
Impaired gait without cang, RM, number of siaps counted visually by a physical therapist;
PM, number of steps counted by pedometer; FM, number of steps astimated using the FFT
dlgorithm. ** P < 0.01 vs AM
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FIGURE 3—Relationship between the error of PM (% RM) and C) walking speed and D) physical activity in the vertical direction. The error of
PM was significantly correlated with the walking speed and physical activity (P < 0.0001).

Data analysis and statistics. The errors of PM or
FM (%) were defined as 100 x (PM or FM — RM)/RM. To
assess the relationship between the physical activity and
counting step ability, the power of the raw acceleration
signal (P) associated with the physical activity (19) was
estimated by the following equation:

= lIx(n)— =13

where x(n) is the raw acceleration signal and % is the mean
of x(n). We defined the power of entire walking period per
minute as the physical activity.

We compared the error of FM 1o the error of PM. One-
way analysis of variance (ANOVA) was used to analyze
differences among the four groups classified by walking
condition, and differences between two errors were evalu-
ated by paired or nonpaired 7-test. Significant F-values were
followed up with Scheffe's post hoc test. Correlation
analysis was used to quantify the association between
values. A value of P < 0.05 was considered statistically
significant, and statistical analysis was performed using
StatView, Version 5.0 (SAS Institute Inc., Cary. NC).

RESULTS

The walking speed for the 10-m leg of the route and
RM during the 20-m out-and-back course in this study
were 395 + 11.1 mmin~' (approximately 2.4 kmh™';
range: 16.6-59.5 mmin~', approximately 1.3-3.6 kmh™")

E SC iC

SN

8 5 8

Error of PM, %
]
8

~-1004

=-120-

and 74.5 + 18.5 steps (range: 46113 steps), respectively. The
number of walking steps of all subjects was undercounted by
the pedometer and did not correlate significantly (Fig. 2A).
There was no significant difference between the RM and FM
for all the subjects. Under the walking condition, there was no
significant difference across SC, IC, SN, and IN subjects in
RM, FM, and walking speed (Table 2). However, there were
significant differences between the RM and PM in each group.

The pedometer produced values that were more than
90% of RM in four subjects (well-counted subjects) and
that differed by 100% in 10 subjects (uncounted subjects
(SC), N=1;IC, N=3; SN, N = 3; IN, N = 3). The average
error of PM for all the subjects was —53.2 + 34.1% of the
RM (range: —5.4 to —100%) and significantly correlated
with the walking speed (r = 0.56, P < 0.01) and triaxial
physical activities (anteroposterior: r = 0.66; laeral: r =
0.58; vertical: r= 0.68, P < 0.01; Fig. 3). The average of the
error of PM in the four groups was more than —40% (Fig. 4).
There was no significant difference among the errors of PM
in the four groups, SC, IC, SN, and SN. The error of PM
showed a significant correlation (r= (.58, P < 0.05) with the
walking speed in the SN group but not in the other three
groups. In contrast, the errors of PM in the SC, IC, and SN
groups were significantly correlated with the physical
activity in the vertical direction (SC: r = 0.83; IC: r =
0.79; SN: r = 0.71; P < 0.01). When all the subjects were
divided into two groups based on an average walking speed
of 40 mmin~' (approximately 2.4 kmh™"), significant
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FIGURE 4—The errors of PM (% RM} (E) and the error of FM (F) for senile gait with cane (SC), impaired gait with cane (1C), senile gait without
cane (SN), and impaired gait without cane (IN). ** P < 0.01 vs the errors of PM within the same group.
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FIGURE 5—EfTect of speed on the error of PM (% RM) (G) and the
error of FM (H). > 40, greater than 40 mmin~' average walking
speed group, N = 26 < 40, less than 40 mmin ' average walking
speed group, N = 23. ** P < 0.01; NS: not significant.

differences in the errors of PM between the fast
(> 40 m'min~", N = 26) and slow (< 40 m'min~', N = 23)
groups were observed (Fig. 5).

The average physical activities for all the subjects were
767 + 314 ¢*min ' in x, 87.3 + 484 ¢“min~' in y, and
139.0 + 769 g*min~' in z directions. There was no
significant difference among the four groups in the average
value of physical activity, The average value of FM in this
study was 74.0 = 19.3 steps and did not differ from the RM,
but did significantly differ from PM (P < 0.01). Addition-
ally, there was no significant difference between the FM and
RM in any group (Table 2). The FM was significantly
correlated with the RM (r = 0.95, P < (L01, Fig. 2B). The
average error of FM was —0.7 £ 7.9% of RM (the average
absolute value of the error of FM was 5.8 + 5.3%); this was
significantly negative when correlated with the physical
activity in the anteroposterior (r = =030, P < 0.05) and
vertical (r = —0.35, P < 0.05) directions, but was nol
correlated with the walking speed (Fig. 6). The errors of FM
for the four groups were significantly different from the
errors of PM (P < 0.01; Fig. 4). The errors of FM between
the fast and slow groups did not differ significantly (Fig. 5).

Error of FM, %

"'50 )
0 10

20 30 40 50 60
Walking speed, m.min™'

Error of FM, %

DISCUSSION

Le Masurier and Tudor-Locke et al. (15) examined two
different types of pedometers at five different treadmill
speeds and found that the magnitude of the error might not
be an important hindrance to the assessment of healthy
adults. However, they noted that the magnitude of the error
would be a problem when monitoring elderly people with
slow walking speeds. In a recent study, several pedometers
were tested in self-selected speed experiments in healthy
adults, and the average walking speed was approximately
96 mmin~' (24). Most of the pedometers showed poor
accuracies under low walking speeds in previous studies
(7.15). In this study, the walking speed was extremely slow
compared with previous studies; the average walking speed
was 39.5 m'min ' and ranged from 16.6 to 59.5 m'min~".
Our results supported the results of previous studies
because the pedometer underestimated the number of
steps; the error of PM was highly correlated with the
walking speed, which means that the error of PM increases
with decreases in the walking speed. Several reports only
examined the pedomelers on straight walking courses or
treadmills (8); however, in this study, our walking course
included out-and-back segments and a turning arc. Thus,
there was a time period before a steady walking rate was
reached. Moreover, our subjects included patients with gait
disorders and/or those who required the use of a cane
during walking. Therefore, the experimental design in this
study is considered to represent a very severe situation for
the evaluation of pedometer.

Under the conditions of this study, the acceleration-type
pedometer could not count the number of steps accurately.
There were 10 uncounted subjects who were distributed
over the four groups. Significant difference was not
observed among the four groups with regard to the error
of PM; thus, using a cane and having an impaired gait did
not effect the accuracy of the pedometer in this study.
Figure 7 shows typical examples of the raw acceleration
signals in the three directions. The black line represents a

y=-008x+500;r=009

T T

0 100 200 300 400

Physical activity, g*min™’

FIGURE 6—Relationship between the error of FM and (1) walking speed and (J) physical activity in the vertical direction. The error of FM was

significantly correlated with the physical activity (P < 0.05).
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well-counted subject, and the gray line represents an
uncounted subject. When the amplitude of the acceleration
was small, as with the gray line, the pedometer could not
count the steps, which suggests that a counting method that
relies on a threshold of acceleration in the vertical direction
is not suitable for this population. The relationship between
the counting error and the physical activity in the vertical
direction also suggests the difficulty in counting based on
movement in the vertical direction.

To improve the accuracy of the pedometer, we at-
templed to estimate the number of steps using the cadence
obtained from the acceleration signals in the three
directions. The estimation results of our FFT method were
accurate in the elderly who walked slowly, with or without
gait disorders, and with or without using a cane: the
average error of FM was —0.7 £ 7.9% of the RM. By using
FFT, we were able to obtain the cadence from the small
amplitude of the acceleration as shown in Figure 7; thus,
our FFT method was able to estimate the number of steps
in the subjects whose sleps were not counted by the
pedometer, Moreover, our FFT method estimated the number
of steps regardless of the presence of a gait disorder.
Generally, these populations are not conducive to a counting
method based on the threshold of vertical movement.
Furthermore, our method is amenable to the attachment of
the device. A previous study reported that the accuracy of
pedometers, especially mechanical ones, is affected by
pedometer tilt (7). Our FFT method will not limit the
placement of the device or device position on the waist belt
because it is based on composite acceleration signals in the
three directions. Thus, our FFT method might be effective in
estimating, with high accuracy, the number of steps in
overweight and obese adults or elderly patients with kyphosis.

Nevertheless, the number of steps was under-and over-
estimated by our FFT method. Only one subject’s error of
FM was poorer than that of PM. The number of steps of
this subject was underestimated by 14.3% of RM by our
FFT method, whereas it was undercounted by 12.5% of
RM by the pedometer. The ermor of FM in this subject
occurred during the turning arc; the cadences of the 4-s

10

Accy, g
&
o

windows in the three directions were not in synchrony, and
the physical activities in the three directions were large
compared with other subjects. However, nine subjects
showed errors of FM that were larger than 10% of RM.
The amplitudes of the errors of FM were smaller than those
of the pedometers individually except in one subject,
whose error of FM exceeded 20% of the RM; however, it
was better than the resulis of the pedometer. The subject’s
number of steps was undercounted by 60% of RM by the
pedometer. Therefore, we suggest that our FFT method
will be able to provide the number of steps accurately even
in elderly subjects with slow walking velocities, gait
disorders, and cane use during walking,

A 4-s window length was used for calculation of cadence
in this study because none of the subjects took more than
4-s for a single step. Using a 4-s window length meant that
there was a 4-s delay at each measurement period. In the
present study, the time period at the end of the measure-
ment, which was not a complete 4-s length, was cut off.
Consequently, there is a possibility that this cutoff time
period caused some estimation error. The 4-s window
length was considered suitable for our subjects, but the
window length must be chosen carefully based on the
characleristics of the subjects. Another point that should
be considered is the handling of the tuming arc. The
amplitudes of the acceleration signals during the turning
arc differed from those of walking segment; thus, there was
4 tendency for the determined cadence at each window to
be low when the 4-s window included both the walking and
turming periods. However, a high-frequency acceleration
signal that did not originate from the walking movement
sometimes appeared at the turning period. These problems
must be resolved for a more accurate estimation.

In this study, we attempted to estimat¢ the number of
steps during the walking and turning segments, As men-
tioned above, the results of this study showed that our FFT
method is suitable for people who must undergo gait
training. Maintaining patient motivation is important for
reaching rehabilitation goals and regaining QOL. Our
method will assist with efforts 10 maintain patient motivation

05
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FIGURE 7—Typical examples of the acceleration
signals Accx, Accy, and Accy in well-counted subjects
(PM was more than 90% of RM: black line) and
uncounted subjects (PM was 0% of RM; gray line).
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because the use of the pedometer will increase the mo-
tivation of the patient (4). Consequently, our FFT method
1s useful for promoting the continuation of gait training,
which can help patients improve their muscle strength,
avoid falls, and regain the ability to perform ADL. In
addition, our method will reduce the workload of the
therapist. For the application to clinical situations or daily
life, price and ease of use are important factors. A digital
signal processor (DSP) or simple low-power CPU is
needed to calculate a FFT; however, a pedometer with a
DSP could be made that would not be prohibitively
expensive (approximately $200) and that would be as easy
to use as current pedometers. In the future, improved device
and time-frequency analysis may be available for applica-
tion under free-living conditions (3,11,25); this is required
for increasing and promoting daily physical activity.
although we must point out the changes in speed inside
the house.

In summary, we assessed the accuracy of a pedometer in
elderly subjects with regard to walking speed, the presence
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Development of an insole stimulation device for improving
the balance function in the elderly
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Abstract  Many elderly people face the risk of falling down because their balance function decline. We made
vibrating insoles for the purpose of improving the balance function. The acceleration signals were measured while
the healthy subjects were walking with and without stimulation. Autocorrelation, root mean square value and
trajectory area were calculated from the acceleration signals. We noted that root mean square value, trajectory area
and the force of heel lift were decreased during stimulation. Vibrating insoles could reduce the sway of the body,
and the probability of improving balance function was suggested.
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Development of a novel pedometer for elderly
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Abstract

In this study, we attempted to develop a step-estimation algorithms to improve the accuracy of the

accelerometer-type pedometer for elderly people. The waist acceleration signal during walking was recorded from
116 eldery subjects. After three bandpass filters (0.5-10.Hz, 1.0-1.5Hz, 1.5-2.0Hz) were applied to the acceleration,
a step-cycle related signal was selected from the outputs of those filters. To estimate the number of steps by the
step-cycle signal, optimal threshold level of the signal was determined by using 42 elderly data set. As a result of
algorithm verification by 74 elderly data set, 62 subjects (83.7%) could be estimated with less than 10% error.
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Abstract

The aim of this study is to develop the airbag for the prevention of injuries by the falls. In this study,

we measured the acceleration waveform in fall and daily action to analyze the incorrect detection of fall. The
accelerometer was attached to the 16 younger healthy subjects. The mimicking fall and simple daily activities like
bow, sit down and rise from the chair, and jumping etc were performed. The free fall acceleration could be
observed around 100 to 300 [ms] before falling down completely. When using the way of detecting free fall, the
detection rate of the fall was 100 %. The incorrect detection was occurred in case of the jump and the activity
which falls backward from the sitting position. We reviewed the way of improving these incorrect detection. As a
result of the examination, it is possible to decrease of the incorrect detection,
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Measurement of Postural Responses in Horizontal Perturbation
Using Angular Velocity

Ken-ichi IijiMA,” Jun-ichi Yanacma,*™ Masaki SEkINe,” Toshiyo TAMURA®

Abstract The decline of the balance function induces the elderly people to fall and it causes the decrease of
daily activity to become bedridden or fear of falling. The fall occurs when sudden external forces such as trips or
slips take place. Therefore, it is important to consider a simple evaluation of the posture balance in human to
perturbation. In this study, we proposed the measurement system using gyro sensor. and measured the body
sway of the pitch direction by the perturbation. The subjects are ten healthy adults and kept upright position on
the table. They attached the sensor to an ankle joint, a knee joint and a back near the center of gravity. Then hori-
zontal translation of table to the backward was given as the perturbation. The experiments were performed with
20 patterns of different acceleration from 0.6 m/s’ to 44 m/s” by 02 m/s® randomly. As the result, the feature of
three postural control strategies such as ankle strategy. hip strategy and stepping strategy can be confirmed by
the angular velocity in the pitch direction. Additionally, the variation of the angular velocity of back for perturba-
tion was larger than those of ankle and knee. Thus, we concluded that the sway in the back greatly influenced to

the postural control for horizontal translation to the backward.

Keywords : Horizontal perturbation, Fall, Angular velocity, Balance.
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Fig. 5 Peak value of angular velocity to acceleration value of
table.
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Table 2 Exterior characteristic and measurement result of subject
The items of each parts show (mean = SI) of the start time of sway.

xo | sex | Awe | Height | Weight [ Ankle Knee Hip Minimum stepping
[ years) lem] kgl [ms) [ms] [ms] Acceleration[m/s?]
1 M| 2 | 55 204+ 74 | 539= B9 | 1726170 241
f ————— e T
2 | L‘[ 24 | 172 60 253 78 | 448 62 | 1159 186 3;70_
3 | M| q”+_@:T'm 287+ 61 | 488% 76 | L077+146 355
4 IM| x5 | e 5 260% 55 | 562% 69 | 1570140 313
5[ M| = 163 38 205100 | 591%146 | 1611+167 345
6 | M| 21 180 62 270+ 66 | 566+ 87 | 1263184 324
7 | F 19 162 56 269+ 85 | 597113 | 15462338 272
8 | F [ 19 162 50 | 220+ 65 | 376 80 | 1252:233 183
9 | F 21 165 67 | 245= 55 | 549% 99 | 1274=252 233
10 M 2 | 1 67 250+ 61 511 53 | 1107116 279
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Fig. 6 Start time of sway to acceleration value of table,
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