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Fig. 2 A typical example of angular velocities and the detecting points of changing phase in a young subject
during the TUG-Test (a: standing up, b: walking forward, c: turn around, d: walking backward, e: turn

to the chair, {: sitting down).
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Fig. 3 A typical example of angular velocities and the detecting points of changing phase in a hemiplegic pa-

tient during the TUG-Test (a: rising up, b: walking forward, c: turn around, d: walking backward, e:

turn to the chair, f:sitting down).
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Fig. 4 A Comparison between the measured time by therapists and the estimated time of the method presented.
(a)Total time, (b )standing up,( c ) walking forward,(d )turn around,( e ) walking backward, ( f ) turn to
the chair, ( g ) sitting down (The error bar shows the minimum and maximum values. The solid and broken
lines show the regression and identity lines, respectively).
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Development of the Accuracy of Pedometer
Used by the Elderly During Walking with a Cane

by

Noriko Ichinoseki-Sekine, Hisashi Naito, Shizuo Katamotd
Juntendo University
Masaki Sekine, Toshiyo Tamura

Chiba University

ABSTRACT

The aim of this study was to develop the accuracy of accelerometer-type peddmeter used
by the elderly during walking with a cane. The attendees of the gait training at the
commuting rehabilitation services center participated in this study. Eighteen subjects
walked with a cane (male; 5, female; 13, age; 80.9 & 7.7 yrs, height; 148.1 + 7.7 cm,
weight; 51.8 + 88 kg [mean & SD), 9 had an impaired gait), and 31 subjects walked
without a cane (male; 7, female; 24, age; 80.9 + 7.7 yrs, height; 148.1 £ 7.7 cm, weight;
51.8 + 8.8 kg, 15 had an impaired gait). Subjects walked about 20 m there and back at
their own speed. We estimated the number of steps based on the cadence obtained from the

FH v M AR—-IRFE Vol.28



composite power spectrums of triaxial acceleration signals using FFT algorithm (FM).

FM was compared with the number of steps visually counted by a physical therapist (RM)

and by pedometer (PM). As results, PM measured by the pedometer was inaccurate. But

this FFT.method was reasonably accurate when estimating the number of steps. PM was
signiﬁcantly less than the RM (p < 0.05), and the error of PM was 53.2 + 34.1% of RM.
In contrast, 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%). We suggest that our method is adequate and

smtable for estlmatlng the number of steps in elderly people during walking not only with

a cane but also with slow walking speeds or gait disorders.
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1 Physical characteristics of subjects

sC . IC SN N

(n=9) (n=9) (n=16) (n=15)
Age, yrs 80.7 £ 9.7 781+ 64 815+ 95 S20x 4.8
Height, cm 1492 + 10.1 149.2 + 59 1472+ 64 1478+ 88
Weight, kg 482+ 90 53.0 % 7.1 517+ 88 533+ 9.8

SC: senile gait with cane; IC: impaired gait with cane; SN: senile gait without cane; IN: impaired gait without cane.
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01 Typical examples of the acceleration signals, AccX, AccY, AccZ, and their normalized power specn'uni, PowerX, PowerY, and
PowerZ. The frequency at the maximum power of the composite power spectrum, PowerC, was considered as the cadence of each window.
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2 Relationship between number of steps counted visually by a physical therapist, RM and mumber of steps counted by pédbmeter,
PM (a) and number of steps estimated using our method, FM (b) . FM significantly correlated with RM {(p <0.0001) .

2 RM,PM, and FM and walking speed

SC 1C SN IN
(n=9) - (n=9) . (n=16) (n=15)
Number of steps, steps
RM 803+ 145 783+ 19.1 742% 175 69.0+ 21.3
PM 330+ 18.6% 26.7 + 28.1% 369+ 27.5% ] 304+ 235+
FM 814+ 135 786+ 21.1 721+ 187 68.7 + 21.6
Walking speed, m'min-! 350+ 11.5 330+ 128 4.1+ 112 412+ 72

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

% gc IC SN N %  sc IC SN N
0 . 607
201k 401
E _40_ E 201 *-[* * % ** **
'g 601 S o L - T
- utJ 80 + E 201 2.08+11.26 -3.03x6.19
0.471+9.0 0421637
-1001 -401
a0 € i d

X3 Theerrorsof PM (% of RM,c) and the FM (d) for senile gait with cane, SC, impaired gait with cane, IC, senile gait
without cane, SN, impaired gait without cane, IN. **; p < 0.01 vs. the errors of PM within the same group.
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A preliminary study to demonstrate the use of an air bag device to

prevent fall-related injuries

Toshiyo Tamura, Senior Member, IEEE, Takumi Yoshimura, Masaki Sekine, Member, IEEE

Abstract— We sought to develop a fall-related injury
prevention system using a telemetry acceleration monitor
and an air bag. In a preliminary study, we developed a
fall detection system using an acceleration signal and
triggering the inflation of an air bag. Sixteen subjects
mimicked falls and their acceleration waveforms were
monitored. Then, we developed a fall detection algorithm
that could detect signals 300 ms before the fall. This
signal was used as a trigger to inflate the air bag to a
capacity of 2.4 L. While the proposed system can aid in
preventing fall-related injuries, further development is
needed to miniaturize the inflation system

I. INTRODUCTION

Falls are a serious problem for the elderly and others prone
to falls. One-third to one-half of the population aged 65
and over have experienced falls. Half of the elderly people
who fall do so repeatedly. Falls are a complex phenomena,
suggesting present disease and predicting future disability.
They are caused by interactions between the environment and
dynamic balance, which is determined by the quality of
sensory input, central processing, and motor responses. Falls
are the leading cause of injury in older adults and the leading
cause of accidental death in those over age 85.

Even falls that do not result in injury can have serious
consequences. Psychological trauma and fear of falling can
produce a downward spiral of self-imposed reduced activity,
leading to loss of strength, flexibility, and mobility, thereby
increasing the risk of future falls and injuries.

We sought to develop a means to reduce or prevent injuries
associated with falls. We proposed the measurement of
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acceleration before and during falls, and then inflating an
air bag system. In this research, we developed a fall detection
algorithm and tested a prototype air bag system.

II. OBJECTS AND METHOD

A. Apparatus e

The system consists of the telemetry acceleration monitoring
and air bag-inflating parts.

For the acceleration-monitoring parts, we designed a system
with low power consumption and then evaluated its battery
life. The system must be small, light, and able to be worn
without discomfort.

To evaluate the movement of the subject, the telemetry
system uses an accelerometer. The monitor consists of an
accelerometer, CPU, and transmitter that sends the
acceleration waveform to a receiver. The monitor is
7x4x1.5 cm in size and 50 g in weight. The system was
designed to operate without any complex setting. The triaxial
acceleration sensor was used to measure the movement of the
subject. The acceleration waveforms were converted to
digital data with 10-bit resolution. The received data were
transferred to the CPU and then analyzed with the fall
detection algorithm.

The air bag-inflating system consists of an inflatable air bag,
a battery, a gas cartridge, sensors to determine acceleration, a
triggering mechanism to release the gas, and a relief valve.
When the user falls, the sensors detect this and causes the
triggering signal to automatically release gas from the
cartridge to inflate the air bag assembly and protect the user.
After use, the relief valve is opened to release air from the
air bag assembly; the invention is ready for reuse after the
spent cartridge is replaced. The invention is superior to
presently available devices because of its automatic
deployment, compact size, light weight, ease of use, and
reusability.

B. Fall Detection Algorithm

The main assumption in the algorithm is that of free fall.
The acceleration signal toward the fall is like that of the free
fall condition Thus, the acceleration value will be zero in free
fall. We determined the zero acceleration condition as a sign
of a fall.
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C. Fall Detection Algorithm s

1) Verification of the Algorithm
This trial was approved by the ethics committee of Chiba
University, School of Engineering. Written informed consent
was obtained from each subject.
The prototype system was tested by 16 young, healthy
subjects (22.1 years old) who mimicked falls while wearing
the device.
2) Inflation of the Air Bag

Without a fall, we simulated the acceleration triggering
signal and observed the operation of the air bag.

III. RESULTS

A. Verification of the Algorithm

Figure 1 show typical examples of acceleration signals
during falls. Figures 1(a), (b), and (c) show forward, lateral,
and backward falling, respectively. In Fig. 1(a), the vertical
acceleration of subject at standing was 9.8 m/s” (i.e., gravity).
After 1.3 s, the large amplitude was the impact acceleration,
corresponding to a fall. At 0.5s after the start, the
acceleration was decreased and was about zero. Falls laterally
and backward showed the same tendencies. We determined
that accelerations between +3 m/s® were free fall conditions.
From this, free fall conditions were found at an average of
203+51 ms before large impact acceleration.

B. Inflation of the Air Bag s

Figure 2 shows the inflation of the air bag. When the
acceleration changed to zero, the pressure in the air bag was
gradually increased before the large impact acceleration
occurred.

IV. DiscussioN

We determined that triaxial accelerations between £3 m/s
were free fall conditions. From this, the shortest and longest
times were 111 ms and 378 ms, respectively, before large
impact acceleration occurred. Thus, the air bag was inflated
above this time interval. In Fig. 2, the air bag inflated before
the large impact acceleration. Further work is needed to
miniaturize the generator and valve.

High reliability of such a fall detection system will be
needed. This will require discriminating a real fall from
similar acceleration signals resulting from events in everyday
life. We analyzed the activity signal between +3 m/s’, and
jumping and running were determined to be “falls.”
Although elderly people do not often jump and run, we will
need to further refine the algorithm to differentiate jumping
and running from genuine falls.
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Figure 1. A typical example of acceleration signals. a) lateral b) vertical,
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Figure 2. Relationship between acceleration signal and air bag inflation
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V. CONCLUSION

We developed a hip-protecting jacket to absorb the shock
of a fall and reduce the impact on the human body by
automatically inflating an air bag when a person falls. The
heart of this life jacket is a sensor that detects falling. The key
characteristics of this fall sensor are its application of a newly
developed fall-sensing algorithm, using a triaxial, single-unit
accelerometer and its compact design and battery powered
operation that make it readily portable. The use of this fall
sensor and an air bag-equipped life jacket may also save lives
and reduce injuries from falls at construction sites and other
locations
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The development of the motion recorder
that used acceleration and angular velocity

Takumi YOSHIMURA ',

Masaki SEKINE ?,

Toshiyo TAMURA 2

! Tokyo Metropolitan College of Industrial Technology, 2 Chiba University

Abstract

We have developed the fall air bag in order to prevent injury, when elderly fall. It is necessary to

reduce false detection other than a fall to put a fall air bag in practical use. It is necessary to analyze the motion of
the subjects in daily life. In this research, the small motion recorder that used acceleration sensor and angular
velocity sensor was developed. The developed recorder monitored a subject's behavior continuously for about two
days. The monitor is50x56x18mm in size and 62 g in weight. The recorder consists of an accelerometer, an angular
velocity sensor, an amplifier, a CPU, and a memory-card connector. By using this unit, the prolonged behavioral

analysis which was difficult until now became possible.

1. EFEXME

bhbhiiZhZT, Eﬁ%omnontkﬁﬁiﬁ%
fTHERT, BRI 7 Xy JORB%{T->TER[1]. &HEx
7 Ay S REHEFC KBBOCRBERET ST v S E
S HEH, MEREEMDLRVWEIICTHI L THES
BEHTEATALATHD. ThFET, MEEEVYERV,
HOETERHTAZ L C, GEOMERRET S 0.1~02
P ECcIiGEZRHFETHAZ LAEAMNE 2. L
LIhETOBHEICLY, ARAETOLOER T, &HELL
 HAOBETHTLT ANy I RBEET S IEERHD
», ERAETBICIIMEER T TR AKEOHERE AV
EEELERTEITAIY XL EBNTILENHE L
BhEOLIERoT[1]. Zhicik, TTREMELXEZTTH
ERETILENDIN, ERECAFOTEZBMEL T
BT AERRYTIE, REESN-BXCRAD, +972TF

— 4 BLHLNERETHS. ThH-OREXHRRT SR,

WRERIEBRFOMEELHAEE ¥ RRSMTRI L, REME
THIRERELE ), TEBEEEF Y EATIICRED
E5RTNAIY XA TEONRBNONELBRNTHONE
BThD. AHIZ—BOS bTRe REEER T2, HEAl
BE L LTI 24 BELL L HRIFEETH D T EHEEND.

. IRET, ABOMEER Y OTE AT ARSIV
SHTHRTVWARS]. £, AiIRGLEESATEYITE
DEFR VCHEAEATVA]. L LI b0WBIE—&
ICEESRARE ORI LA kS, T8E 24 RELIEHRT
B EREECHON. Ebhbhizih T TERLER
LETFLA—SRNEEE=F Y VAT ATEREL
o8, BROBEMSROLND:-D, BRBICHATHZ &IX
BETH2. &b, EROBBIINEEOHIOKT, A

HE S RTTEHELRERERMER I THARV. RPE TR,

24 B¢ LL E OB RER, INEEEE & AR AR R 1TRE
EBORBEIT-T=.

2. ITEHHAEROME

Figl KEBO Yo v 7HE5RT. RRIIMEE LY,
ABHERE Y, BER, CPU, ATYI—FaRxIFLvig
RENATVWS., MEE® S 3 BMEEFMMAT260Q,

VAT b ERERPIF R RIS 2007 (20074 11 A 26 B~ 28 B + HKD)

Fig.1 A block diagram of recorder.

Freescale Semiconductor, Inc.) %2/ L 7=. &2 H-PICB6EE
BEABLTWAAD, 7Ha VEIEE2 L2 F5 L BT
EThs. AFEE VR | BBIREDHC Yyt Y
(VX-3500CB, =7 Y 3 aL(@E)) BEL | HETERGH S v
A B(ENC-03R, ($))- 7 # REFT)2 B AV, 3 BFRoOa

HEZHBTREL L7z, CPU iX 16bit =4 =2 »/(H8-3048,

Renesas Technology Corp.)% AV /2. CPU {Zik A/D L3,
ROM, RAM, U Z7/AH— K(SI0), 73T LA~ h(PIO)
SERABRENTEY, MEERE L AFEEER S 10biT
AD T+ 5. TREFEIT 05 LI LY B&& 256[Hz]
CHRENTETHD. T E2REFETHATY I— FiZidh
BERL~NVF AT 47— FMMC)Z v iz, MMC i3
FE—BEICAWLNTINESDI—FERIVAXT, 75
T2 2 Y THLHELHBTICBESDNTLT —F 2R
EHETHILVIAY y M EH S, iz 5S12MB OBFRFE
TRETEX I, RENOT— I RENFETHS. BE
WIS Y F 9544 BH(TSOKAB, ZHEI—TRAY 7 b
=4 C—ER))E AV, ERIEEAICARL, USB R~ b
PEFEETEEL Uk, 1 EOFRETRAWN 2 BEOEEHRN
NEEETHS. Fig2 CERDOHBERT. BREFICEHT
358, IMHUEECEERAR EFXCRUREEAZVR
BErLHAENEBETHS. ORDI—RT I MXEHE
T Ny — A(MX2-6-5, (BR)F HFR/ETI)Z AV, 4

SY0010/07/0000-0407 © 2007 SICE

—407—



Fo+iEiL 50X 56X 18mm, BERIZITH, A€V V- FE2ED
628 THB.
L BERELBIET DAL v Fi3ERET, AU H—
FEEHTEZ L CHENICHBZBEKRTIBREL-T
W35,

3. MERROKFE

FEBFEOCERL, LSBT LREDO LY Tho¥E:
HELE., ERIIERO~SL F2AV, KOBELIDEVES
IEE L. Yo7y o AR 32Hz IKBE L.

4. BREBR

Fig3 IZBTH DO, figd ITFEEROLY T OEBETR
3. ZEO@ICHEE, O)ICAEEEXTT. MEZEOLT
FEE T HRICMEENE LB TS ARRRENS.
B S RIIRIH I L BE 2L T X, HICEHLE
PAETTALLE. ELICEESFRIREICES LSS
2 A F R, EICESLE-BEE ST RE L.
MEEY Y IENMEELHBTETHD. 0o
+98[m/S)DEHHRELTWS. £, HITHICEIMEEDOE
iz L O MEERETTWS., —HARERXEORIRERO
BENC X OBRERELCTEY, #50[deg/sS]BETHD. £
BEOLEY TY OIMEERLIIEET Y OREAKREL A
S2TW3. IAEELTYORKELR->TEY, kv X
DTOORBEDITIN, BEOENANRKEVW L2 3S.

ThETMEE L AEEZRFHRTEL/INMF -5 o
H—RBHEE Loz, MEERT TR AEEXREFICH
B35 = & CHEORBE(NBFMICRBAETHS. GE
DM EIT 5B, MEEOZOEBIT TR, AEE
ZAWVWAR I L CHEKOEFMOEIZMA LR TEDED
REELBLETEDLEEIONS. L 2T, ERENDY
YIRS, MEEORBOLTCIIHaE TEH/RIHLTL
¥R, AFEEORBRITSEOEEER VY, B L ITX
HEETHBZEEZONRS. LAL, HMoREL¥DL>
IZFhiE v, RBRCEEAHBETILERSS. K
BIVNBERTHAH, EREFCABEINMNTZIIEALE
FRAOMEE & AFERT L HETETHS. SRITAELRE
AV, BRTHARFAHET S LT, BEELEDT
) XAERETALERSLS.

5. &8

AR T, A€ Y I— FERVIEEE & ARE L BB
TR TE R RIEE A PR T L. BMEDOREB 21TV i E

ICIEEEE & AEE L HBITRETH -T2, SHRITAEZR LA,

’i’%’*i;?] LEBR» BB Ty S ORBELIETEZT L

& -t
S oo o

Acocleration{mvs |

oo
w N
[=— -1

mgular velotity[deg/n)

(b
Fig.3 The acceleration and angular velocity waveform
of walking.

IDY, EROABETBRMTETHS. M-

HBCHWE -

Fig.2 Externals of recorder.
TY XLEREFTS.

6. W

AFRO—BIELERNEFEREFHERATR

(18-53%-30), ¥Ak 18 £ NEDO #E4LA RRA{LBARRE

BEELWCER 16 FEE 2 ARSHBERMEOBHIC

P LY
#3530

{1] SHEE, BIREH, BEHEH . NEEr 2RV E

BRSERA=T /3y JORR, 645 BRREKETES
85, 706, 2006

[2] BINHEB, RR{% : EHBEFOEBARHAEOLOF
4 PH N, BME, 9, 16127, 1995

{3] M. Makikawa, H. lizumi: Development of an ambulatory

physical activity memory device and its application for the

categori-zation of actions in daily life, MEDINFO 95 Proc.,
7477750, 1995

[4] J. Fahrenberg, F. Foerster, M. Smeja, W. Muller: Assessment
of posture and motion by multichannel piezoresistive *
34, 607/612,

accelerometer recordings, Psychophysiology,
1997

. [5] /J‘Wﬂ) k%;, fﬂﬂ:ﬁ cNBRIF—S ﬂ_oﬁg, % ’;

40 [B1 A & ME F28RE, § 39, 337, 2001
6] A4 272X b—Yv (R) E—Yasvybva—¥

http://www.microstone.co.jp/product/sensor-motionrecorderh

tml

[n*ﬁﬁa ERIER, RAEH.T LA s BMEET=

BY S URTFAOBRLEFOEA, %19@£¢ 4,
BY 2 /RO T AR, 233/236, 2004

o

&
w &

Acceleration{m/s )
5 o (7]

2

= 150 ¢
R
z %
75 0
w 50
'%-mo
-1%0

0 2 4 6 3 10 12 14 16 18 2

Time]s]

Fig.4 The acceleration and angular velocity waveform
of upstream and going down of stairs.
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