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A telemonitoring system of water supplier for health care

Noriko ICHINOSEKI-SEKINE*, Masayuki NAMBU*,
Takatoshi SUENAGA™ and Toshiyo TAMURA**™*

Abstract .

In this study, we developed a telemonitoring system of water supplier to estimation of water intake for health
care. This system consists of a automatic water supply measurement system and a remote monitoring system.
The automatic water supply measurement system has a thermos bottle, a electric balance and a computer. Sub-
ject can drink water from the thermos bottle using his/her cup/glass that subject is used to in daily life. The
remote monitoring system consists of a computer and WWW browser. Neither new device nor special procedure
is not required for monitoring. We estimated water intake of an elderly diabetic inpatient for three days by using
this system. The automatic water supply measurement system set up at a position where the subject could reach
it from the bed, because the subject needed assistance for walking. Data was monitored from nurse’s station. We
obtained the tendency that the volume of water supply increase after awaking and meals. Our results suggested
that this system easily provide information of water intake pattern. Moreover, this system was easy to use for
both of subject and observers. There is a possibility that this system will not only save nursing time, but also

improve clinical care.

Key Words
water supplier, water intake controll, telemonitoring, web-based application
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Fig.2 Flow-chart of suppiied water volume detection.

BREEINCIVE2—F ECWWW 750 ¥F Y7 hoxT %
FEITL, RECRBINHBA= a2 —4 02 URL
TI7/ERTBHZELLD, BFRFOFEHEEZ Y T/5 A1 A
AT HZENARTHD (Figd B8). ®HAkET=FDRD
D HIML F¥a 2y M JAVA 227 V7 b 2RV T—EDORH
MTHEBMIEEFRINLD. £, Bk, il KkoAhEzl
EOA Ry MBRBELEES, TORABTE A E—VELTE
T A, AbBELEFENCRT 3HEECELE ST 7
ELTRRIEAHI L HTRETH S (Figds 288).

2.3 HENE
BEIEHED: b DA BN ERICHIE STV A M E S vk T
Lie. BEREBD DT v & SICHEIR R L, KB ORE
ﬁaﬁmik%mﬁbt.%m&m,%ﬁ%%%ﬂmrﬂﬁb
. FORER, BEBER $1g BNTHY, TIULEEZKL
tﬁ DRIEOBUTERATIENTES. £, BHREL
RohGdol., S0 Ehb, REESEKEEERICAE
F52 L BHERTE (Figs B3R).

2.4 BEEREHME

E SRR T R R — AR IS RN T, m/XTAmim%
Fofe. HEER, 84 BROEERRERFARBE 14 TH5.
ESESTP ARG EERLOEGEERLOL, HHREICH
LAHROBER L UGFHICET 28 EITY, HE~0BM
{IZOWTERIC TREE/-.

B 3 BRfT o7 EBRENBEOBICECN TSt E
FERLTWAZEDD, Ny FbFORE < BENICBEIEKE
BIEBARE L. ﬁmkm,eﬁm%mmﬁgvﬁbm%%
BHEEALTWHABRAEHE AV, —A—Eo#KEko

o g 3 *&&_‘Mﬂl
rrD BMY tmw RV TADARTY
wrw - OBS AUBDI A D
| PRAD vl o] “—313’
D @totmed CRIY~E2 E)Morocatt E)Wedoms Losets @lWindorm 3747 ElWndows E)1A-20hOIE  E1SvURn BIE EAE Wb
=] |
Latest § 3999 8¢ 10:14:36 2002/01/23 Latese 100157 2002/01/23 { pousred
3552 96 101432 K0G2/01 /D) yoobdceraves
301 o/ iﬁ?’ 2002/ Tomed you 65 oo
i ————
35”.::: : ¥ :%g;l :g‘g o'l OI 2LI/L1 2 1pavind you 158
353;:: : :%/ 17 a:‘n:.%i 2002/61/2) Upewrad you Y24 v
e R s e~
$Ea3s 101333 toobran s TR0 252701 /21 hsemed e 100
s dota ot 53 Btk acormn twetmustee
69996 11307 2002/01/23 . oy
s a s N
292,94 101245 200270123
s Wi e
g;:;::;; 4 mg ':‘ww 22/ /7 L prirsd you 15T ee
. 319996101212 2002401 /23 ZI| 19:19:33 2002781722 L zawred you 168 k¢ B
R ATRREE CITme—des 4

Fig.3 Screen of the remote monitoring system (snapshot). Total
weight of the thermos was shown at the left frame, and
the list of time and volume of supplied water were shown
at the right frame.
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Fig.4 Volume of supplied water was also shown in bar-graph on
the screen of the remote monitoring system (snapshot).
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Fig.5 Accuracy of the system.
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Fig.6 Time-series of total weight and water supply detection
points (second day).
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Fig.7 Amount of water supply (second day).

Table 2 Comments on measurement system of water supply.
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Fig.8 Connection diagram of the remote monitoring system.
(a)Peer to peer, (b)Single monitor and multi subjects,
(c)Multi monitor and the single subject, (d)Multi moni-
tors and multi subjects
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Real-time Transfer of Medical Image using Mobile Phone
—Motion Image Transter using Animated GIF —
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Abstract ECG or another biomedical information should be browsed in anytime and anywhere, We developed the
semi-real-time data wansfer sysiem using mobile phone. Proposal system acquires the ECG signal, and the system reconstructs
motion image of ECG from acquired data by GIF format. The client can browse the real-time ECG signal if the motion image
is downloaded frequently, because this animation will be changed in every five or ten seconds. The multi task function is not
supported though almost popular mobile phone has ability to show the animation GIE. However, the time fag will be less than
five seconds, because the size of motion image is lower than 10kbytes.

Keyword Home Care. Mobile Phone, LCG. Animated GIF
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Improving the Accuracy of Pedometer Used
by the Elderly with the FFT Algorithm
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ABSTRACT

ICHINOSEKI-SEKINE, N., Y. KUWAE, Y. HIGASHI, T. FUIIMOTO, 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 to investigate and improve the accuracy of accelerometer-type pedometers 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;
age, 80.9 + 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 a
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
approximately 20 m (10 m in each direction and a turning arc) at their own speed. We determined the number of steps by pedometer
(PM), by visually counting the actual number of steps (RM), and by the triaxial acceleration signals, The power spectrum of the
accelerometer in each direction calculated by fast Fourier transform (FFT) for a 4-s temporal window was normalized with the maximum
power of each window. It was composited, and the frequency at maximum 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 estimating the number of steps during
walking in this population. Key Words: ACCELERATION, CADENCE, FAST FOURIER TRANSFORM (FFT), NUMBER OF

WALK STEPS

romoting increased physical activity among elderly

patients 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, hypertension, 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 £ SD).

SC Ic SN N
N=9(male 2, N=9(male 3, N=16 (male 3, N=15(male 4,
female 7} female 6) female 13) female 11)
Age {yr) 80.7 9.7 78164 81595 82.0+48
Height (cm)  149.2+10.1  1492+59 147264 147.8 + 8.8
Weight (kg) 482 + 9.0 53.0+71 51788 53.3+9.8
BMI (kgm™3) 21528 23.7+18 238+34 24.3+3.4

SC, senile gait with cane; IC, impaired gait with cane; SN, senile gait without cane; IN,
impaired gait without cane.

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 pedometer 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 mmin~" (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 kmh™'). At a slow walking speed of 1.0 mph
(approximately 27 m'min~*, or 1.6 kmh™'), 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 m'min ', 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 to 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
a slow 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 to
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 step frequency (cadence) obtained from
acceleration signals during walking was used to estimate
the number of walking steps because vertical movement
was considered to 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 (P < 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 cm; 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 JC), 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 clderly, 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 committee
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., Ltd., 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
meter (Akebono Brake Industry Co., Ltd., Tokyo, Japan),
amplifiers, and low-pass filters (size, 30 x 40 x 20 mm;
weight, 20 g; range, = 2 g; frequency response, 0—~100 Hz,
cutoff frequency, 50 Hz; 1 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. Subjects
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 belt, the accelerometer device was attached to
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 stopwatch.

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
at 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 £ 14.5 78.3 £ 19.1 742+175 69.0+213
PM 33.0+18.6** 26.7+281** 36.9x27.5%* 304+235*
M 814135 78.6 + 21.1 721187 687216
Walking speed  35.0 % 11.5 33.0x12.8 41 +112 412£72
(mmin~

SC, senite gait with cane; IC, impaired gait with cane; SN, senile gait without cane; IN,
impaired gait without cane; RM, number of steps counted visually by a physical therapist;
PM, number of steps counted by pedometer; FIM, number of steps estimated using the FFT
algorithm. ** P< 0.01 vs RM.
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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:

P=||lx(n)— |3

where x(n) is the raw acceleration signal and X 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 to 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 #-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 39.5 £ 11.1 m-min~ (approximately 2.4 kmh ™Y
range: 16.6-59.5 m'min~!, approximately 1.3-3.6 km'h™")

SC Ic

SN

Error of PM, %

~100

~120-

and 74.5 £ 18.5 steps (range: 46—113 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
(8C), 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; lateral: 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 = 0.58, 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: 1 = 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 (IC), 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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error of FM (H). > 40, greater than 40 m'min ' average walking
speed group, N = 26; < 40, less than 40 m-min~! average walking
speed group, N = 23. ** P < 0.01; NS: not significant.

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

The average physical activities for all the subjects were
76.7 + 31.4 g*min"* in x, 87.3 = 48.4 ¢®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 < 0.01, 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 = —0.30, P < 0.05) and
vertical (r = —0.35, P < 0.05) directions, but was not
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, %

0 10 20 30 40 50 60 70

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 m'min~" (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 pedometers 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
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