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Detection of Task Phase for the Timed Up-and-Go Test in Hemiplegic Patients

Yuji Higasui,*** Kenichi Yamakosu1,® Toshiro FujiMoTo,** Masaki SEkiNg,”* Toshiyo Tamura**”

Abstract

In clinical rehabilitation, the Timed Up-and-Go Test (TUG-T)is known as a simple technique for

evaluating basic activities, especially the risk of falling. Usually, the time of TUG-T is counted, and the correlation
between falling phenomenon and time of TUG is relatively high. We have been examining a quantitative evalua-
tion method of the activity using the signal of an accelerometer attached to the lumbar position. However, it is dif-
ficult to specify the activities phase clearly from the signal obtained by the accelerometer. Thus, in this study, we
propose a combination of accelerometer and rate gyro-sensor to specify the activity phase of TUG-T. For the com-
parison, trained therapists measured the time for each activity phase using VTR images. As a result, proposed
classifications of activity phase well correlated (o the observations made by the therapists. In the use of both accel-
erometer and the gvro-sensor signals, it was possible for the activity phase to make detections similar to those of

therapists’ observations.

Keywords : Rehabilitation Timed Up-and-Go Test, activity phase, gyro-sensor, accelerometer.,
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Table 1 subject's profile.

énse SEX age _Pa.-r;yzed side i L/E I-SrS-Tage gait level
1. female o 51 Right I} o _E;rvis;on
2. female 63 Left N Independence
3. female 82 Right I\ Supervision
4. male 74 Left v Supervision
5. male 83 Left I\ Supervision
6. female 7 Left I\ Independence
7. male 75 Right v Independence
8. female 78 Right N Independence
9. male 65 Right v Supervisioﬂ
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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, ¢: 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. ¢: turn around, d: walking backward. e:

turn to the chair, f: sitting down).

3.2 FRERE~QERALFEZT CL3EABHNED
R

KB E7 = — THHETHRAZOME7 = — X2 #EE
L2-RBWMERS ISR T. MMNEES LT LERL
BEASE S h 5 b OOHaERAHMIZT I hho 1.
T, WREHIE, o— L HEAEEEE C o F )R MR IE
MREL, S—HMAREE TROY » FHMHREI]
BnZENRRTH-

Rz, AFETHEE L EHERMLRELOTRICE
LZLOOEER4 IR, MEOMIZEBVWHEBEITRS
hi:, ME7=—ZATLICHETA L, HERMARL
LHHEURC & - 7-BhfEIZ, Mz 1, J U BT D A1 R
W, Thot, —%4, HERMIEL L20MAICH7H
iz, B -WABFETCHo 1, B0 —2(—

i, Mot cREDLOLRELOERL, £
DIELD&IIRK261s Thol

4. = 3

4-1 MEE, ARXEANEOFRAMLBETR
IHhETICMEERNEALEBIMT LWMMET L VWA
M EBBADHENREINTE. LoL, 740%
(2 & AMEMBEM R4 L ETHT L O MEOR LT
BhTwivy, AREL 2L Lz HE],
HLVIE2HWPT I LICLEZ0T, ThgFEraRT 2
Skl LAL, FOIEMEMELELTABAIC
2, HEROE  FEERLEEL L. —HobL—
FF7oBECHE. TUGTOL ) ICEETH#ETH
WENAET A FIMETHS - LAREREEIE, LA



(744) EE T 44845 (2006%12 A)
a b c
o @ o (®) 0. (©)
100 r=0.982
'SE % 15
EE 80 10
il §
20 |
ol =1.05x - 0.18 a 0/ =081x+0.53
0 50 100 0 10 20 0 20 40 0 20 40
(g) Measured
40 10 g Time [s]
8
iz .
E 20
= 4
IO ",‘ ‘ . s 2
OL-* £4.11x - 6.24 ol,§=1.z4:+z.nz| 5
0 20 40 0 10 20 0 10
Measured Measured Measured
Time [s] Time [s] Time [s]

B4 EFEICLDMEEHMNEMEL I L SAMEROLE (a) TUG BTN, (b) UH LAY, (c) GHEE

7, (d) Kk, (e) MEOEAT, (f) HEER2 (g): X

EAE R, W&t identity line 257)

(xF—ri— itk & B/, R

Fig. 4 A Comparison between the measured time by therapists and the estimated time of the method presented.
{a ) Total time,( b)standing up,( ¢ ) walking forward,(d ) turn around, ( e ) walking backward.( { )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 Katamoto
Juntendo University
Masaki Sekine, Toshiyo Tamura
Chiba University

ABSTRACT

The aim of this study was to develop the accuracy of accelerometer-type pedometer 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 + 8.8 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
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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
suitable for estimating 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

5C IC SN N

(n=8) (n=9) (n=16) n=15 o
Age. yrs 807+ 97 781+ 64 Bl5+ 95 R0L 48
Height, cm 1492 % 10.1 1492+ 59 147.2 % 64 U784+ 88
Weight, kg 482+ 90 530+ 7.1 517+ 88 533+ 08

SC: senile gait with cane; 1C: impaired pait with cane: SN: senile gait without cane; IN: impaired gait without cane.
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E1  Typical examples of the acceleration signals, AccX, AccY, AccZ, and their normalized power spectrum, PowerX, PowerY, and
PowerZ The frequency al the maximum power of the composite power spectrum, PowerC, was considered as the cadence of each window.
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[E2 Relationshipt ber of sieps counted visually by a physical therapist, RM and numiber of sieps counted by pedometer,
PM (a) and ber of steps esti 1 using our method, FM (b) . FM significantly comrelated with RM (p<0.0001) .

#£2 RM, PM, and FM and walking speed

sC IC SN IN
(n=9) (n=9) (n=16) (n=15)
Number of sieps, steps
RM 803x 45 783+ 191 742+ 175 69,0+ 21.3
PM 3Box 186" 267+ B1» 39+ 275 04+ 85"
M 814+ 135 786+ 211 721+ 187 687 = 216
Walking speed, mmin ' 350 = 11.5 3.0+ 128 H“1= 112 412 72

RM: number of steps counted visually by a physical therapist: PM: numberdsmpscuunwdbymwnﬂr!_:nmuhadmesﬁmmdnﬁn;ﬂtm
algorithm. SC: senile gait with cane: 1C: impaired gait with cane; SN: senile gait without cane; IN: impaired gait without cane. **: p <0.01 vs. RM

el sc  1Ic SN N ™ sc 1€ SN N
0 60
20
z 40 o
2 .0 s
- +
S 80 E ppl208 21126 3034619
DA7 %80 Da2E637
100 .
az20i € &' d

3 Theerrors of PM (% of RM, ¢) and the FM (d) for senile gait with cane, SC, impaired gait with cane, IC, senile gait
without cane, SN, impaired gait without cane, TN. **; p < (.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

F alls 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 meonitor is
7x4x1.5cm 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 = z
University, School of Engineering. Written informed consent in i
was obtained from each subject. a
The prototype system was tested by 16 young, healthy i ': b =
subjects (22.1 years old) who mimicked falls while wearing -10
the device. :g -
2) Inflation of the Air Bag 0 1 _:m 3 ‘
Without a fall, we simulated the acceleration triggering @
signal and observed the operation of the air bag. 2
p |
%
. ResuLTs -0
A, Verification of the Algorithm i l:
Figure 1 show typical examples of acceleration signals g '
during falls. Figures 1(a), (b), and (c) show forward, lateral, 2 : : : z :

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 z 4l |
acceleration was decreased and was about zero. Falls laterally = 0 1
and backward showed the same tendencies. We determined i :; - S|
th i : itions. - -
at accn*tlerattons betweep '13 m/s” were free fall conditions Ji; :
From this, free fall conditions were found at an average of P VA
203+51 ms before large impact acceleration. o0 E !
A0
1] 1 2 3 4
B.  Inflation of the Air Bag s smy bl [ e
Figure 2 shows the inflation of the air bag. When the wasial
[t fall

acceleration changed to zero, the pressure in the air bag was
gradually increased before the large impact acceleration

Figure 1. A typical example of acceleration signals. a) lateral b) verncal,

occurred. and ¢) anteroposterior direction
IV. DISCUSSION
5 e ) 30 13

We determined that triaxial accelerations between +3 m/s’? [~ Amscpomsr
were free fall conditions. From this, the shortest and longest W R 1.0
!imes were 111 ms and 378 ms, respectiv_ely. before‘large "E | e &
impact acceleration occurred. Thus, the air bag was inflated U i o 0s =
above this time interval, In Fig, 2, the air bag inflated before -E g
the large impact acceleration. Further work is needed to 4 0 o g
miniaturize the generator and valve. g .

High reliability of such a fall detection system will be 10 ! "
needed. This will require discriminating a real fall from o 1.0

similar acceleration signals resulting from events in everyday o s 1 L5 2 25 3
life. We analyzed the activity signal between +3 m/s’, and time [s]

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,

Figure 2. Relationship berween leration 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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