TABLE 5. TYPES OF RM. AND PERFOMANCE

[l ||]||| v v

% % % % %

Security for patients 100.0 | 219 (1000 | 37.0 | 100.0
Avoldance of suicide 100.0 63 321 | 185 | 1000
Sound insulation 1000 | 156 | 750 | 11.1 | 1000
Isolation (from outside) | 100.0 | 438 | 964 | 296 7.7

Resist. prfrm. violence 97.7 | 63 | 76| 259 | 77

Isolation (from inside) 326 | 125 36 0.0 | 100.0
Medical gas piping 837 | 218 107 | 22| 00
Observation camera 1000 | 188 | 383 | 259 1.7
Observation 977 | 63| 679 | 741000
microphone. 100.0 | 375 | 1000 | 407 | 1000
Observation window 1000 [ 1000 | 929 | 148 | 00
Toilet 674 | 1000 | 893 | 00| 00
Toilet door 69.8 | 1000 | 1000 | 22| 00
Wash basin 698 | 969 | 321 | 556 | 923
Storage fumiture ‘ 767 | 938 37| 258| 00
Desk | | ;

No.ofpatients | 43 | 32 | 28 | 27 | 13

TABLE 6. TYPES OF RMS. AND DISEASE

¥

[ [ n Tw[w][Vv o

[ % [ % | % | % | %
Main disease | [ I
Organic psychosis 18.0 180 j a5 476 ‘ 48 21
Drug intoxication 18.2 a1 a1 636 0.0 1
Schizophrenia aro 218 18 9.6 9.6 73
psychopath 400 | 300 200 50| 50| 20
GAF leve! |
7180 00| 500 00| 00| 500| 4
61-70 00| 00| o0 126| 375 8
51-60 6.7 26.7 6.7 333 %7 15
41-50 11 22 222 4.4 0.0 9
3140 304 ‘ 286 273 91 3.0 3
21-30 357 | 00| 180 18| 48| 42
11-20 78| 00| 21| 207 43| 2
1-10 400! 00 200/| 400 00| 5

D. Discussion

1. Necessary ratio of single rooms

Most of psychiatric hospitals ran short of single
rooms, A shortage of single rooms occurs
troublesome to other patients, lack of privacy and
adequate rest. 30% from the patients who stays
hospitals less than 3 months needs single rooms.
In acute hospital, there requests more number of
single rooms. '

2. Performance and equipments of ideal single
room

Present single room is designed to isolation and , .

observation. For instance, it has a toilet, but
without door. It focuses to the most serious
patients. But ideal room requests the equipment to
improve the daily living such as shower, toilet,
desk and so on, to make sure safety such as the
function preventing suicide, observation camera,
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and so on, to provide rest such as sound insulation
performance.

Consideration of needed image by types, we get
some distinctive feature as follows,

Type I requests the performance against
violence behavior and suicide such as locking from
outside and isolation.

Type II is comfortable patient’s room with
adequate rest with loilet, wash basin, furniture,
desk and so on.

Type 111 request the equipments that can lock
and be observed from outside, but basic daily
living is done in the room. Then it has toilet with
door and basin:

Type IV is focuses to Organic Psychosis and
Drug Intoxication patients. But they reveal so
multi feature that the definition of the room can not
be decided. '

Type V is the room where the patient locks the
door by himself and stays alone with arranging the
relationship to other patients. But consideration
for suicide and observation is needed.

IV. A STUDY ON ENVIRONMENTAL
REMINISCENCE THERAPY FOR
MODERATING PERPHERAL SYMPTOMS
OF THE DEMENTIA PEOPLE

"A. A study of purpose and the proposal of
environmental reminiscence therapy

At present, a reminiscence therapy is watched
as one of non-drug treatments. When providing
this psychological treatment, pictures and small
goods are used for this therapy among the patients.
Instead of conventional therapy, the authors
proposed an ancient tools and architectural space
as which or where the dementia people can use and
can their own experience directly. The daily living
and behavior of dementia people are affected from
memorial scene and  fondly-remembered
architectural space. The authors attention that the
concept of “Life Review” will be useful for the
therapy.

In present clinical psychological therapy, the
evaluation of reminiscence therapy is estimated by
the quality and quantity of conversation, and the
record and observation of emotion. Our study will
propose the therapy, which can promote another
efficient from former therapy, and which reminds
past days by each other as a one's pace, in the
architectural reminiscence space that is introduced
into the day care dept. for dementia people. The
authors call this therapy as Environmental
Reminiscence Therapy.
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FIGURE 1. THE MEMORIAL STREET IN SATHAKU HOSPITAL IN TOTTORI PREF.

FIGURE 2. ENVIRONMETAL REMINISCENCE
THRAPY IN THE MEMORIAL STREET

B. Interview Investigation for the Peaple in
Nambucho-Tottori Pref.

In order to get some evidences to create design
concept of the memorial street, we investigated 48
aged people in that village as interview. Average
age of the people is 75 years old. Old houses with
a straw-thatched roof and old fire place were

talked by everybody as a memorial tools and scene.

It depends on each region. *
C. Design of the Memorial Street

Referring the results of interview, we decided
the design of the memorial street. Whole hospital
was designed for warm environment with wood
and paper which occurs Japanese taste. A lattice
door of patients’ room, Tatami-mat bench, lamps

with traditional paper, a ceiling with bamboo was
introduced into the hospital interior. We aimed to
make a neighbor become intimate, and the
memorial street melt into the hospital design.

Relational rooms for the demented day care are
located on the memorial street. A resting room,
cooking room, bath and staff rooms except day
care room as the reminiscence room are located,
and each room are designed what occur the interior.
The wall of the street was made with wood wall.
We installed the equipments, which stimulate five
senses. One of them is the equipment lighting
gystem which direct morning and evening sky by
the changing the color of light.

We provided many elements into the many
poinis of the memorial street, and aimed to
introduce their own scene that appear their
distance childhood memory. At present, red tile
roofs, a sign of Hossho-ji station, a poster of
kabuki-play at Hossho-ji district and the pictures
of Hossho-ji train were installed; in near future we
will install some other elements, for instance fire-
place into the therapy room, immediately.

D. Evaluation of Environmental Reminiscence
Therapy

Dementia disease is consisted with core disease
occurred by disorder of brain directly and
peripheral disease with psychological, situational
and physical factors. This study watches that
peripheral discase is affected with environment
strongly, tries to verify environment reminiscence
therapy through architectural space and
circumstances.

As one of therapies of day care program, it was
observed that a certain demented patient revealed
following change through a tea party with other
patients and staffs in the memorial street for one
hour. 1) Stability of emotion (conversation with
staffs and complete conversation), 2) Easing of
mental stress (reducing the stress with long time
injection), 3) Lasting concentration (long time
conversation), 4) Becoming five senses actively.
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TABLE 7. SCORE BY MOSES SCALE

Female, Female Male
89 year old 74 years old B4 years old
period hafnrei'aﬁer before | after | before [ after
15 8 5 | 9 1] 9
m@m Recogniion for | Recogniion for
s 2 items | Jitems
5 | 9 | 1 | 12
Imitation " No disease Recognition for |
| 1item

L 17 [ 14 21 | 20| 19 19

| |
I

In order to get objective evaluation of the
change for the demented in reminiscence
environment, psychological test was held with
dementia scale in the field of clinical psychology.
MOSES Scale was adopted to this study. It is the
one of the best scale for the demented and used in
general field in clinical psychology and evaluated
its reliance. This scale is multilateral, and can
measure ADL, emotion and the change of
peripheral disease of dementia.  Observation
subjects person are three dementia people. Before
test, the occupational therapist measured the
degree of dementia by MOSES based on the
medical chart. Concrete  environmental
reminiscence therapy was a kind of tea party with
talking about old memories of this district in the
memorial street, After one hour therapy, the
Occupational Therapist and the nurses evaluated
the people by MOSES scale during tea party.
Reducing the point from before observation to
after one, the items recognized as improvement.

We could get the same result that the past
clinical psychological study mentioned that
reminiscence therapy is effective for stability of
emotion, especially improvement for stress of the
demented.

E. Conclusion

A reminiscence therapy is recognized to
improve the peripheral disease of the dementia,
and environment reminiscence therapy is cleared
to verify for many demented people through
installing the memorial street into the hospital. It
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is confirmed by not only observation but also
clinical psychological scale.

It is easy to conclude that installing memorial
scene like these studies is fake or theme park.
However for demented who forgot everything in a
few minutes, what is the real? What is the
environment the demented recognize? We have to
reconsider them.
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any hemiplegic patients who have suffered strokes

need rehabilitation. The expected outcome of reha-

bilitation is the patient’s independence and freedom

from the aid of a nurse and a consequent improve-
ment in the quality of life. Thus, occupational and physical ther-
apy should be carried out efficiently, and the development of
support technology for therapy is important. Developing inde-
pendence in basic activities is essential in the early stage of reha-
bilitation as it influences the subsequent recovery of the
patient’s normal way of life. The timed up-and-go test (TUG-T)
is a simple technique for evaluating competence in the following
basic activities: standing up from a chair, walking forward, tum-
ing around, walking back to the chair, tuming one’s back to the
chair, and sitting down. The total time taken to complete the
TUG-T is used to predict the risk of falling [ 1}-[4]. However, no
objective criteria exist for demarcating each activity phase of
the TUG-T. At present, these are evaluated subjectively based
on the experience of the therapist, and thus it is difficult to obtain
objective data for clinical rehabilitation. Conventionally, the
therapist evaluates how well the patient performs the TUG-T, at
a detailed motion level, and confirms the patient’s problems
with particular activitics. The therapist then determines ways to
resolve the problems. Although the TUG-T measurements are
casy 1o perform and accurately predict the risk of falling, it is
necessary 1o perform an evaluation applying appropriate objec-
tive data, Acquiring quantitative data would be of great benefit
in a rehabilitation program.

Measurements during clinical rchabilitation have been at-
tempted using a triaxial accelerometer 1o measure the activity
objectively, which allows a quantitative evaluation. The triaxial
accelerometer enables motion evaluation in the frontal, sagittal,
and horizontal planes by measuring the motion in the antero-
posterior, vertical, and lateral directions, respectively. The
acceleration signals can also be used to evaluate muscle power,
joint function, and postural reflexes. Consequently, this assess-
ment provides key information for evaluating the walking activ-
ity phase and the other basic activity phases of the TUG-T.

Previously, the activity was examined 1o evaluate quantita-
tively using only the signal from an accelerometer attached at
the waist because it was believed that it would facilitate
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Quantitative Evaluation of
Movement Using the Timed
| Up-and-Go Test

Detection of Task Phase and Clinical Application
fo the Rehabilitation of Hemiplegic Patients

measurement during clinical rehabilitation [5]. The literature
on evaluating posture using commercial, low-priced, accurate
accelerometers is extensive [6], [7].

During clinical rehabilitation, the measurement method
should not restrain the subject with too many sensors. Angular
measurements can be derived using Kalman filtering of the
direct current (dc) element of the acceleration signal. How-
ever, this method has a reported error margin of £2° [6],
During clinical rehabilitation, it was difficult to identify hemi-
plegic walking from the angular displacement signal. It was
also difficult to identify the activity phase clearly, which was
our objective, using the acceleration signal alone.

A waist gyrosensor is useful for measuring the postural dis-
placement with high accuracy. The posture can be determined
by measuring the acceleration and angular velocities, although
this method has never been used to evaluate and verify contin-
uous activity from static sitting to walking [8]-[ 10]. Therefore,
an accelerometer and rate gyrosensor was attached to the sub-
ject's waist and lower limbs to evaluate postural displacement.
A further objective was to identify the activity phases of the
TUG-T. Trained therapists measured the time for cach activity
phase from a videotape recording (VTR) of the TUG-T for
reference [11]. This combined accelerometer or gyro method
was used during clinical rehabilitation sessions during which
the subject performed the TUG-T independently or while
being supervised. Under both conditions, the walking phase
activities extracted from the TUG-T data were compared
qualitatively.

Method

The Measurement System

The measurement system used for the TUG-T consisted of
two sensor units (Gyrocube), a multitelemeter system (WEB-
5000), and a personal computer with a built-in analog-to-
digital converter.

Each sensor unit can measure the three axes of acceleration
(the waist accelerometer measures +3 g with a sensitivity of
1.33 V/g, whereas the lower limb sensor measures =5 g and
0.80 V/g. respectively, with a frequency response dc of 60 Hz)
and the three axes of angular velocities (angular velocily rat-
ings +400°/s, sensitivity 10.0 mV/%/s, and frequency response
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dc of 40 Hz). The sensor measured 30 X 40 % 20 mm® and
weighed 7 g.

The signal from the sensor unit was recorded on a personal
computer at a sampling frequency of 128 Hz via the multitele-
meter system (the high cutoff frequency was 30 Hz).

The transmitter of the multitelemeter system measured
128 x 80 % 28 mm’” and weighed about 300 g.

Measurement Method

The measurement task was based on the TUG-T introduced by

Podsiadlo and Richardson [11], and the procedure is as

follows:

1) The subject sits with his or her back in contact with the
back of the chair (the seat is 460 mm high and lacks
armrests)

2) The TUG-T begins with the therapist’s go sign and the
subject stands up (standing up)

3) The subject begins walking (walk 1)

4) The subject tums around a post placed 3 m away from
the chair (turn 1)

5) The subject walks back toward the chair (walk 2)

6) The subject tums away from the chair to sit down (tumn 2)

7) The subject sits on the chair (sitting down).

The acceleration measurement points are at the waist dor-
sally (near the second lumbar vertebra) and at the lower limb
on the side that takes the first step. Figure | indicates the posi-
tions of the accelerometer and gyroscope. The aclivity was
captured with a CCD camera (EVI-D30) and recorded with a
VTR (GV-D90ONTSC). The therapist recorded the duration
of each activity phase using a stopwatch while watching the
video. Ten young, healthy subjects and 20 hemiplegic patients
from Fujimoto Hayasuzu Hospital, Japan, were studied
(Table 1). Twelve experienced therapists from the clinical
rehabilitation center measured the durations of the activity

most important task leading to the activity, Therefore, these

two phases must be identified.

1) Standing-up phase: During the sitting phase, the waist
pitch angular velocity, which is integrated in the angular
velocity per unit time, is determined uniquely. In fact.
the angular velocily in the sitting phase should be zero.
In the healthy volunteers, the waist pitch angular velocity
is almost zero, although a maximum waist pitch angular
velocity of 10°/s was observed in a healthy subject.
Therefore, the standing-up phase occurs when the output
of the waist gyrosensor in the pitch direction exceeds a
threshold of 10°s.

Vertical

Acceleration
r 3

Anteroposterior
Acceleration

= +
).~ YawAngle 2 il

Roll Angle
b

] +
Lateral
[’ . Acceleration
Pitch Angle

/ Anteroposterior
. | Acceleration
e —

Fig. 1. Sensor unit positions.

phases, For safety, a therapist
stood beside the hemiplegic
patients during the activity.

Table 1. Subject profiles,

Age  Paralyzed  L/EBr.

The Method of Detecting Case Sex (years) Side Stage Gait Level
and Evaluating the Activify 1. Female 66 Right ] Supervised
Phase of the TUG-T 2. Female 51 Right n Supervised
The data gathered from the 3, Fermnale 82 Right v Supervised
healthy subjects were used to 4. Male 74 Left \Y] Supervised
identify the data from the sen- 5. Male 83 Left v Supervised
sor signals corresponding to é. Male &5 Right v Supervised
cach activity phase. The fea- 7 Male a9 Right n Supervised
tures of these corresponding 8. Female 66 Left v Supervised
points were examined, and a Q. Female 65 Left 1\ Supervised
method of detecting each activ- 10. Female 62 Right v Supervised
ity phase was proposed. Fig- (Mean age. 65.3 + 13)
ure 2 shows a typical example of 1k Female 63 Left v Independent
the TUG-T in a normal young 2. Female 75 Left v Independent
healthy subject (mean age. 3. Male 75 Right v Independent
21.0 £ 2), and Figure 3 shows 4. Female 78 Right v Indepeandent
the flowchart used to detect the 5. Male 74 Right 1] Independent
phase changes. First, each ac- b, Female 70 Left v Independent
tivity phase was identified 7 Male 57 Right vV Independent
from the video images using a B. Male 70 Right v Independent
stopwatch. 9. Male 74 Left v Independent

From the perspective of 10 Female 76 Left v Independent
rchabilitation training, the abil- (Mean oge. 71.2 + 6)
ity to stand up and walk is the -
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Developing independence in basic

activities

is essential in the early stage of rehabilitation.

Similarly. the stant of the sit-down phase is when the
pitch angle is below 10%/s.

2) Walking phase: This phase is defined as the first instance
when the output of the lower limb gyrosensor in the pitch
direction exceeds the threshold Th,, which equals 10%s,
In fact, the zero-crossing time (the time when the readout
is no longer zero) is sufficient 1o indicate the stant of
walking. However, to climinate the effects of the subject
swaying and swinging, the value of 10°s instead of the
zero-crossing time was used.
Turning phases: For turning, the tums while walking (turn
1. 1y) and for sitting down (tumn 2, 1;) were identified by a

3

large angular velocity signal in the yaw direction from
the waist sensor. To obtain #; and £, the yaw direction
angular velocity signal was processed by applying low-
pass filtering using second-order Buuterworth filters with
a cutoff frequency equal to the walking cadence.

To obtain Ty, the time when the yaw direction at the
waist 15 the maximum, and @, the maximum value of
the yaw direction, fi as 35% of @y, was first determined
empirically. When the angular velocity exceeded @y, X ff,
this gave the duration of f; (the blue line in Figure 2). Fur-
thermore, the value of iy X ff, which is one step before
and after the time of @y (Thg), was considered. When
the angular velocity exceeded
Opay X f within Ty, + 2, these

periods (the green line in Fig-
ure 2) was added to the duration
of 1 (red line),

[°/s]

Waist Roll

The duration of tum 2 (f;) was
obtained in a similar manner. Both
made use of the necessary assump-
tions that tumn 1 occurs not long af-
ter the stant of the walking phase,
and m 2 takes place before the

-200

Th, (Start of Standifg Up)!

[/s)

Waist Pitch

Th

sitting-down phase.

4) Sitting-down phase: The sitting-
down phase begins at the end of
turn 2 and ends when the output
of the waist gyrosensor in the
pitch direction falls below the

« (End of Sitting Dawn) threshold Th,.

Dmaxs

When the proposed method was
applied to hemiplegic patients, it

["/s]

Waist Yaw

was taken into account that the
movement of both legs during
walking is not symmetrical. There-
fore, the value of x was set 1o
double the period of one step by

a healthy volunteer.
These parameters were uniquely

[*s]

Thigh Pitch

determined from the healthy subjects.
The maximum error was included in
the proposed assumptions.

Clinical Application
of the Proposed Method

10

15
Time [s]

The subjects were 20 hemiplegic
patients. Ten subjects were able to

walk independently, whereas the other

Z.D 25

Fig. 2. Typical angular velocities and the poinfs of which the phase changed In a

young subject during the TUG-T: (section a) standing up, (sec

c) tum 1, (section d) walking 2, (section &) tum 2, and (section f) sitting down.
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ten could only walk under supervision.
Table 1 shows the details of the sub-
Jects, The various activity phases were

tion b) walking 1. (section
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identified, and their durations were obtained from the angular
velocities signals during the TUG-T. The data were examined
for qualitative differences in walking among subjects. and the
independent and supervised walking subjects were compared.
The cadence was calculated from the signals for walk |, tum 1,
and walk 2. The root mean square (RMS) value of the accelera-
tion signal, and hence the coefficient of variation (CV), was
calculated from the walking cycle. The acceleration signals
were compared using these values and the direction of move-
ment. The r-test was used for statistical comparisons, and
Bland-Altman plots were used to evaluate the accuracy of our

method. Using this method, the data were compared to the
measurements made with a stopwatch while the therapist was
watching the VTR.

Results

Correlation Between the Proposed Method

and Therapists' Measurements

Figure 4 shows that the activity phases of a typical hemiplegic
patient identified using the proposed method was similar to
the results with a healthy volunteer. The results using the

Gyrosensor on the Waist
and the Thigh

Detection of the Pitch
Angular Velacity at Waist A,
Start Time

Nom as (Standing Up)

(eter] [(7=s ]

T=B(=t2)

Detection of the Pitch
Angular Velocity at Thigh A,

Detection of the Yaw Angular
Velocity at Waist W, (1)2

Detection of the Yaw Angular
Velocity at Waist W,(1)

r=‘r,,__+a+1][ T=1" ]

S—

Tum 2

Fig. 3. Flowchart used to datect the changes In phase.

[EEE ENGINEERING IN MEDICINE AND BIOLOGY MAGAZINE

JULY/ALGUST 2008

41



proposed method were strongly correlated with those based on values were included in the Bland-Altman plot within £1.96
the therapists’ observations (Figure 5). Furthermore. most SD (Figure 6).

One feature of the signal for a hemiple-
a b c d e f gic patient was that the angular velocities

200 in the roll and pitch directions were large,
I i i whereas those in the yaw and lower limb

! ; i L pitch directions were small. The results

o

g g suggested a good correspondence between

g P | ! i the times measured by the therapists and
=00 == = — the times estimated using our method.

§ %[, el stancingUp) | B Clinical Appiication of the

i;g o e T S R T Ny T e Proposed Method

/= T =i N & ] e 1) Comparing the total TUG-T time, the

= i | . Th supervised group took longer than the
=200 : : “—{End of Sifting Down) independent group (P < 0.05; Figure 7).

2) Comparing the duration of each activ-

z ity phase, the supervised group took

s longer than the independent group for

BE walks | and 2 (walk 1: P < 0.05, walk

2 2: P < 0.01), while no significant dif-

ferences were observed for the other
activity phases (Figure 8).

3) Comparing the RMS values of acceler-
ation, the supervised group had lower
values than the independent group. Spe-
cifically, the RMS value in the lateral
and vertical directions was smaller
(P < 0.01; Figure 9).

4) Comparing the CVs, the supervised

Fig. 4. Typical angular velocities and the points at which the phase changed In group had a higher value than the in-

a hemiplegic patient during the TUG-T. (o) Standing up. (b) Walking forward. dependent group in the lateral direc-

Thigh Pitch
[*/s]

Time [s]

(c) Tum 1. (d) Walking backward. (e) Turn 2. (f) Sitting down. tion (P < 0.01; Figure 10).
200 - 50 60
r=0.998
40 50
B 150 Bw Bw 4o}
iy 5 % N
Eg 100 E £ E g 30}
E - B 201 E b 20}
50¢ 10+ ; 10b
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Fig. 5. Comparison of the time measured fo hemiplegics by the therapists and that estimated using our method. (Q) Total
time. (b) Standing up. (c) Walking forward. (d) Turn 1. (e) Walking backward. (f) Turn 2. (g) Sitting down, (The error bar indi-
cates the minimum and maximum values. The solid and broken lines show the regression and identity lines, respectively.)
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5) Looking at typical data for supervised and independent
subjects, the RMS value for the supervised subjects
varied widely at the beginning of walking after stand-
ing up (Figures 11 and 12). Similarly, the RMS value
varied widely just before sitting.

Discussion

Activity Identification and the Use of Acceleration
and Angular Velocity Measurements

The TUG-T is a convenient first test used in teaching fall pre-
vention. The general practice in current research is o measure
the activity time in the TUG-T with a stopwaich. However,
the TUG-T consists of several activity phases (1.c., standing
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g
g 20|
@
w 15 F
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5 fo
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Fig. 8. Comparison of the time for each activity between the independent and supervised
groups.
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Fig. 9. Comparison of the RMS value for each direction between the independent and
supervised groups.
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Fig. 10. Comparison of the CV for each direction between the Independent and supervised

groups
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up, walking 3 m, turning, and
sitting down). To better un-
derstand the complete per-
formance, it is necessary to
evaluate the consecutive se-
quence of activities. How-
ever, because it is difficult 1o
isolate individual problems
within each activity phase in
the clinical environment, it
becomes necessary to identify
each activity phase and evalu-
ate each individually.

The Method Used
to Detect the Activity
Phases in the TUG-T
The start of the standing-up
phase could be detected using
the waist gyrosensor signal in
the pitch direction. Generally,
at the time of standing up, a
hemiplegic patient shifts his
or her trunk by inclining for-
ward markedly, shifting the
center of gravity forward to
counter the weakness of the
lower limbs. The measure-
ment of the pitch angular
velocity of the waist was ex-
cellemt for detecting this for-
ward inclination. The activity
of sitting down is similar to, but
opposite, that of standing up.
The start of the walking
phase immediately after the
standing-up phase could be
detected from the pitch direc-
tion signal of the lower limb
angular velocity sensor. Sev-
eral methods for evaluating
walking quantitatively have
been used; e.g., electric goni-
ometers, force plates, and im-
pact acceleration [12]-[14].
However, to identify walking
as onc of a consecutive series
ol aclivities, we obtained
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excellent results from the pitch angu-
lar velocity signal of the lower limb.
The identification of the turning
phase from the waist yaw direction
angular velocity using the proposed
method was correlated with the judg-
ment of the therapist. Some features of
walking were then considered when
hemiplegic patients made tums, For
example, hemiplegic patients turn
slowly because the radius of gyration
is widened to prevent falls. Another
feature of walking in hemiplegic pa-
tients is the reduced step length to
confer stability. This is evident from
the small signal of the lower limb

0.14
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—=— Lateral Direction
—a+— Vertical Direction

NS T I (IS VRN SR VN S VO N DR AT YN THY TN ST RN M WL WA VAN U WY T WA VO LA YRS W WY YT TOLE W T N1 Y

1
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Fig. 11. Typical RMS value in a supervised case.
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pitch direction angular velocities. A 0.14 -
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angular velocity showed rotation of j

01 F

the waist, and the signal for the waist

roll direction angular velocity had a
large amplitude, reflecting the com-

(; 0.08 +
pensational reaction of the waist in yos

the lateral direction while drawing in 0.04 -
the lower extremity. 0.02 -

In addition, the signal of the waist 0 ) ;
pitch direction angular velocity had a T2

large amplitude. This reflects the lefi-

4 5 6 T 8 9 10 1 i2 13
Gait Cycle —»

right asymmetry in walking because
of the paralysis. Our results showed
that the signal information from the gyrosensors womn during
the TUG-T can be used to identify the individual activity
phases. Our results from the accelerometer can also be used to
analyze the activity effectively. In the near future, we should
be able to analyze the consecutive activity phases.

Correlation Between the Proposed Method

and Therapists' Measurements

In this study, the length of each activity phase identified using
the proposed method was compared with the times measured by
the therapist. A high positive correlation was observed between
the two, but the error margin for the turn was large among the
therapists. Usually, it is easy to identify the activity from a video
recording of the fromal and saginal planes, but to identify the
beginning and end of a turn, a video recording of the horizontal
plane is necessary, However, it was difficult to cover all angles
in the video recording. This explained the comparatively large
error margin in the durations of walks 1 and 2. which occur
immediately before and after the tum, respectively. The dura-
tions of walks 1 and 2 determined using our method tended 1o be
shorter than those determined by the therapists, whereas the
duration of the turn between walks 1 and 2 tended to be longer.
Therefore, the error margin of both the sensor-derived results
and human perception should be considered.

Clinical Application of the Proposed Method

1) Comparing the total TUG-T time, the supervised group
took longer than the independent group in walks 1 and 2.
but not for the other phases.

2) Comparing the RMS values, the supervised group had lower
values than the independent group because the walking
velocities of the independent group were greater.
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Fig. 12. Typical RMS value In an independent case.

3) The RMS of the acceleration for the supervised group in
the lateral direction was smaller because during steady
walking, their step length decreases, reducing the vertical
movement. Their siride width also decreases, reducing
lateral movement. The combination of these two factors
prolongs the walking phase.

4) Comparing the CV. the supervised group had a higher
value than the independent group in the lateral direction
because of less constancy in the stride width.

5) Comparing the data from different subjects, the RMS value
varied widely at the beginning of walking after standing
up. Similarly, the RMS value varied widely just before sit-
ting because the subject is not steady while walking.

Conclusions

In this study, the combined use of an accelerometer and rate
gyrosensor to identify the activity phases of the TUG-T was
proposed. For the comparison, trained therapists measured the
duration of each activity phase from a video recording. As a
result, the proposed identification of the activity phases was
well correlated with the therapists” observations. By using
both the accelerometer and gyrosensor signals, it was possible
to detect the activity phases, which were similar to those
observed by the therapists. In addition, the walking activity
was extracted from the TUG-T, and the RMS value and CV
from the acceleration were calculated in every walking cycle,
A qualitative difference between the subjects who could walk
independently and those requiring supervision was revealed.

It is currently believed that the TUG-T performance is
correlated with the risk of falling. By identifying cach activity
phase in detail, it is possible 10 evaluate both the activity from
beginning to end (standing up — sitting) and the switches
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between activity phases (walking — tum —  walking).
Detailed information was obtained for each activity phase so
that the evaluation of the consecutive sequence of activity
phases could be realized.
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Development of a Step Count Algorithm for the Elderly

Yousuke HoriTa,” Masaki SExINE," Toshiyo Tamura,” Yutaka Kuwak,** Yuji Hicasm**
Toshiro FujiMoTo,** Yoshitake OsuiMa,*** Toshikazu Suica***

Abstract Step counters are popular for quantifying walking. llowever, they may not measure the number of
steps taken by elderly persons. In this study, we proposed a step count algorithm based on a filter bank and
threshold processing to improve the accuracy of an accelerometer-type step counter for elderly persons. The ac-
curacy of the proposed algorithm was compared with the observed steps taken during walking. The waist accel-
eration signals during self-paced walking were recorded for 74 attendees (age 827 +86 yr, height 1481%7.6 cm,
weight 523+78 kg) participating in gait training at a rehabilitation services center using a triaxial
accelerometer. The participants walked approximately 20 m (10 m in each direction and a turning arc). After
seven different band-pass filters were applied to the magnitude of the acceleration vector, a signal related to the
step cycle was selected from the outputs of those filters, Then, the number of steps was estimated from this sig-
nal using a predetermined threshold. The percent error was calculated as (estimated steps -~ observed steps) /ob-
served steps x 100. On verifying the algorithm using the data for the 74 elderly subjects, the steps taken by 57
(77.0%) were estimated with less than 10% error. We suggest that our step count algorithm is suitable for esti-
mating the number of steps taken by elderly persons.

Keywords : step counter, acceleration, step count algorithm.
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Examination of the fall detection method for a fall air bag

SHHEL(ERR), IWALERGES R Y, BREYN(ERR) Y™, EAfi(ERR)*™
Takumi YOSHIMURA, Hiroki YAMAMOTO*, Masaki SEKINE**, and Toshiyo TAMURA**

Abstract

In order to prevent from an external injury in case of the fall for the aged people, a hip protector is
commonly used. However, it is difficult to attach it to the body for a long time, because of difficulty to wear.
In order to solve these problems, we are developing the system which prevents externally caused injury by
expanding an air bag at the time of a fall. It is necessary to operate an air bag by detecting a fall before the
impulse of a fall occurs, in order to develop this system. In this study, we reviewed the algorithm of the fall
process, and determined the inflating trigger signals from the algorithm. To determine the triggering signal
for the air bag, the mimicking fall, walking and jogging has been performed. The accelerometer was attached
to the 16 younger healthy subjects, and the 48 mimicking falls were carried out. This experiment was
approved by the ethic committee of Faculty of Engineering, Chiba University and written informed consent
was obtained by each subject. The free fall acceleration could be observed around 100 to 300 [ms] before
falling down completely. However, misdetection occurred while using the detection algorithm in jogging,

which used the accelerometer.

Key Words
fall, airbag, accelerometer, elderly

200747 A 3 AEM

2008 4 4 A 2 A RIS R
WORCHE S FE R EE T O W P R T — 2, W
HARRN K 8-17-1
*TRRKEXFEREARZHAER, TERTENREER
PRAHT 1-33
o TRERERERLEFHRAR, ALATLARERY, A
FAAN AT La—A, TERRTEHREXIREET 1-33
Medical and Welfare Engineering Course, Tokyo
Metropolitan College of Industrial Technology , 8-17-1
Minamisenjyu, Arakawa-ku, Tokyo, 116-8523 japan
*Chiba University Association of Graduate School of Sience

and Technology, 1-33, Yayoi-cho, Inage-ku, Chiba-shi, Chiba,

263-8522 Japan

** Medical System Engincering, Faculty of Engineering,
Chiba University, 1-33, Yayoi-cho, Inage-ku, Chiba-shi,
Chiba, 263-8522 Japan

1. [ZL®I=

TEOREFDEFRMOE L, EREHFOEEIZLY
HAAOEHFEMTMML, 2025 FicRAEOAQD
30%BAMME ISR FRENATHE, "ooLHbikiRo
§, SH®ITWHE SR EETIET R, RECEGLS
ST HHELEHETIADIC, WMED QOL M EX#5z
LERELBETHS. WMED QOL M EEEs5—2n
LWLLT, Mar-an | obikEidhiFohs. (ks o
BELTRESCERICIOA BRI LY B EERRE
D—oThEEOBENIA TV, b, BEXER
THILIZLD, EEICBREEERE, SEED S HEN
RRBZLT, [Rf-&0 | Ioo0 05 T i 6 & 588 o MEy
BRShTWS, Y90z bln, REFFZRETIHITH
Akt 5z bkl a0 254, MkED QOL &
i FERAf S FRTHALEZLNS,

Bk, ERCLOFEREFVILETORBELT, B0
AGRYERCT, GROBEBRESHV~yFhoORED
TERHZFAICEHL, RSB EFICER T B
EEPETALONRTREATVWS. "ChenBBELT,
vyhROELAHERVELTES, YWERECHERWSE



(102)

i Ml Rhs, v O ity FOR L kD T
ICREL, HEENEELAZ L —R2— L TRLEDY
DTHS., INLOEA Y IREROMALLCET, TOM
OEREBPCERTICRFH TRV, B4 %
AWVWalikit, CCD HATFOEZWBOIHE AVEEEH
WiTa2L0, 774 —DMBERL--, LER®
fTBHEBRHEMETHS. LisL, Lo dERERORKIICH
B4R S, AHEORHIIEARTHS.

ELXSi, BEHRESN TWSEHEEH LRRITESe
EEEHETILREETHS. oD —, &E
PBRELEHS CETHICHHLTTREZEBRELETHS.

B RBAERFICABE LT 300U TR, ey 77T
IHRHIREN TS, ZhonERERAWTITo R W12
TiE, BN T2 ERIC LA B2 L4520
REBHDIENRBEINTWVWS. LaL, ZhenERIZ, Th
RWISILEO{ENTILERDY, BipEBER Tz
HbLEADS. T, XBHESANLH LTS8 TH
RENTWEED, ZOROMEONEEEIETHZLIZE
ETHD choofBAREE TN, ERVES T,
B R I R AT B LB THS, Ba
RRERFIC T Ry e WREEBILT, RN ES T,
B S LT ORI A E R TR = 7 /3y | OB A B
2TWE, NGE =71y | KB THICE, EHEEZWATIC
BHL, BEROWNRSBETIHIETIE, =750 7EBES
HHLENRHD.

EREEERHTIHRLLTIZ, MEE 68
Y HoTEEEZR N TR TR THS. D
bhbhiBinzxT, BREORBRAEFEEZI O CL, &EEE
BRI TEENT, BRT=20MRBEToTVE. 'V
BLEER =423l MEE i@ @R
S b, BEICLAIWMREARE LSS OB A #om
HEREBERGTOMAER>TWS, WAL,
EtrvEiAVThHEFRoELERHTAITREEE
BRHL, AR ~E#RTE2745 TERELTVWS. LAL,
ZNEOHRIL, BEEOWREBLETShICEROTkE
BHTDZEITER.

EEOoFkERETAFELLTH, REOME
ERVWA R 9%, kEXoE RS Fik VEHS.
MEEAYERAVAIHER, ERICMEE 2 MBER
L, MEOB® ¥— oo FEETFHlT500ThH
5. LOFEX, EOEBNENRVED, ERILE BT
MoOFJRERTHLLVIMBENHSD. £, KEXELY
FRWAEER, FEROBERLWFOIFICKFROE
B ERERL, KREOBEEOELHMTHL TS
OFREBHTE2HFETHS. COFERMNE, EH04F

FicEr 2R ETHLERBHI W, HREFOAAICRD.

¥z, BN TREPLENHFET S0, HiIZKmILOHRE
FZRETHOIREBTHS. AHETIE, FEOEHOM
Wy DAR A B T e 22 s B R AV TIRE O T ko
B AR AT, ARG SCC I3 M o0 B L e ) A T AT e 1
TOHECVWTRELAEETS.

ZA Z7FHR—bF Vol.20 No.3,

2008

2. MEEEZAVEEEOHBAETILIVXLORE

21 BET7/vITOBRE

MREZT>TVABET7 Sy OBREIZOWVWTR~S.
AR TIL, GSERITHITFOMREA L RKBRE-D, &
BEBET LT Ao V2R 5L BB REL TV,
ET, ROBSEEZAV-BERIERZ{T-~. Fig.l Io=7
Ay OBRERERT. EREVGREEMGLEBRON Y
EEPb=T A ORREITHMEE LY. Fig2 [ChEfx
TRy DT ayrEE, Figd RIELET AoV OARE
FT. MELEERITE S, VAKX, LE¥aL—F,
WEEF, =7 Ao/ E0MREN TV, EHAEIZT 16 E
vk CPU(H8 3048 Renesas Technology)® fiV iz, M+
O H% CPU D 10 bit A/D BB TT oI NT—
FIERL, RIIRAHEBMEHT ATV LER, W
FICMIHEH AT oMREL T, AR~z Az LED
K BB LT B0, COy HA(FV—HA, HrToyEH
Wit, HAR-DOENT6 MPaTHY, TOEETIE M
W EERED, v ¥alL—H(FAELV¥al—4, o7
1)Ly | MPa KMFEZNS. MESREY AT MBS,
(VZ312-9HS-M35, SMO)ICXDNIAE B BB ELEE AT
TR FICH AR TS, =7 A ik di RO H 8
EREMOAZ(YP-914P, B A )200 X 500mm % AV -,
EWOMBITH AR ~OERES S 650g ThHH. SHE
FETRIHion, NRERT 1 MR AR TS
EAHDH, BNREHO CPU ZHAVELERHS. Z0
T NEEEPATIORBISHS. —HT, EERHENT
HRJYTNEFA AT SR AL, EEIELERE ISR
HEHLHIH A TELERSS. Zod), KERHOT
NAYX BERDSMEICL, oMEICRH ATEET 540
BEiBS. InLORBAREL, BERIHOT LTI AR
B

22 E@EBRHUTILTIXL

AFETR, BEORHIcE/IERTO 3 #NEE
HHERWE Ex/EBRNOMEEE il oY NOE
¥HZBBROOTHENEERERLLTHRHTSED,
Y Y h R TR N B AR T SRR S
AFETHS. iz, MR LR BRIC B A EICRE
STHER BT B0, 3 MM 24 Sy (ki3
FLEBICREROEICLIVAMRE S BELTS. 3D
T e D H 5 A B RS ST LRI TR m o LT
T MEATE SR, RRTICTFLTRERSnEELRF
w, KEmicEEASFHELTRmMELE. B0 ME
FEPEEECEO - BAERICERL TWAEYD, Sikioi
SEFMICEAMBEENNbD>TWS, #-T, #BEIC
Wi, EF, 260 3 W A 454 8w fEA2 00 B &
EFHLBE, IEE T ETHEICEANEEL R

fall detection and

s

the beginning ofa fall ~ fall

Fig.1 Schematic diagram of inflating the air bag



