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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, *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.
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Fig.1 A block diagram of recorder.
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Fig.3 The acceleration and angular velocity waveform
of walking.

Fig.2 Externals of recorder.
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Fig.4 The acceleration and angular velocity waveform
of upstream and going down of stairs.
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A Discussion on the Direction for
the Study of Architectural Planning and Design

Towards Establishing the Healing Power of the Environment on a Scientific Basis
Shigeki Nakayama, Prof., Dr. ENG.
Chiba University, Dept. of Architecture, Inageku Chiba, nakayama.s@faculty.chiba-u.jp, JAPAN

Abstract — A Study on architectural planning
and design was a new science system. It has been
used for designing many public facilities, and has
made their quality improve. In case of hospital
architecture, many pioneer professors have
accumulated important data, and they are the
standard to des However wider and deeper
design qualification are required today. A hospital
architecture seems to be not only the container but
also the equipment in order to treat the patients by
using environmental healing power. The study on
architectural planning and design should focus this
new academic province, and should start to research
and investigate new purpose. This paper shows two
researches based on new point of view, and discusses
new direction of the study

Key Words — A study on architectural planning
and design, Healing Environment, Healing power of
the Environment

L. INTRODUCTION

A study on architectural planning and design
was born as a new academic field just after 1950.
It aimed to establish basic information concerning
creating facilities by objective evaluation through
scientific and statistical analysis and basis, and by
imagination for wuser requirements, although
facilities were build by empirical way until then.
Among the academic system, studies on hospital
architecture were developed precisely. A lot of
prototypes were proposed through many
approaches and solving problems required from
society and the time. For examples, the subjects
on nurses’ traffic in the wards and on clean
circulation and area in the operating theaters, from
the special province in evaluation for separating
clean from dirty area and/or rational and efficiently
circulation planning.

Recently the role of studies on architectural
planning and design seems to extend. That is
introducing the concept of “Facility Design”.
Probably it is understood that is the planning and
design which is used in longer phase from
planning to design, wider territory as “Design
Planning”. As ever architectural planning and
design has regarded the users’ requirements as

important, and located it as the same value as
architectural design as a priori and conditions from
building technology. However our daily living and
consciousness has been changing after about 1900
when modem architecture started from the
situation on which architectural space consists
were not established. Public facilities must have
been re-examined its existing with relationship
with social system which involves much subjects.
And not only architectural side but also common
based group including architectural and civic sides
have tried to change the public facilities. In
cooperation with people and establishment of
facilities by civil leading, the software, which
operates public facilities, is planned. The design
planning involves facility operating management.
In the future, cooperation like this will be a useful
method of design planning.

And not only from the response to people’s
requirement, in case of increasing interest in cost
and performance in general architecture, an
importance of facility management will be
increasing, and at the same time, these movement
will be a great subjects when we create the
architecture, and innovates exiting building-types.

This paper introduces two theses which are
investigated from new academic point of study on
hospital architecture. They are focused to healing
environment and tried to prove environmental
healing power through scientific and statistical
procedures. i

II. CURRENT TYPES OF STUDY

Before discussing new type of study, the author
would like to inyestigate developing of past studies
and positioning of current studies. A study of
space utilization, a discussion on plan-type of
operating theatre and an analysis on nurses’ traffic
in the wards are taken up here. These researches
can be separated to; 1) former meanings of the
study are changed, its mission has finished, and the
different discussion is requested to establish
updated purpose. 2) the point and the view of
study object have been changed, and the
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signification and the purpose of the study have
been changed. 3) being valuable as an
architectural study, and the results contribute to the
subjects of facility operating, beyond architectural
province.

A. Study on the Space Ultilization of Hospital

From 1960, investigation of the space
utilization has begun in order to establish the data
and information when the starting phase of the
design of hospitals, the architects have decided the
space proportion as zoning decision. The data of
appropriate area ratio of each departments has been
made by Prof. Yoshitake, Prof. Itoh and so on, and
been made by every one decade.

This research investigated and discussed the
area ratio by separating whole hospital into some
departments from the view point of architectural
planning and design, not operating view. Through
50years’ research, departments were divided into
five large classifications, “Wards”, “Outpatient
Dept.”, “Diagnostic and Treatment Dept.”,
“Supply Dept.” and “Administration” basically.

These data is aimed to use for zoning and area
size decision in early design phase. But at present,
each hospitals are required its own identity, and its
own function, the meaning of appropriate
proportion of area size and of standard department
structures are not valuable. Not whole area
proportion, absolute area size of each departments
for the unit of patients, so to say number of beds or
number of new admitting patients, are needed to
discussed.

B. A Study on Plan Type of Operating Theatres

The most important purpose of designing of
operating theatres is to achieve cleanness of
operating room and the operating field. Especially
the circulation of clean and dirty settle the
environment.  Informer days, the concept of
circulation separation did not exist. Being affected
by American administration sense, “Clean Hall
Type”, “Clean Supply Type”, and “Withdraw
Type” and so on have appeared. Dividing three
traffics such as materials, staffs and patients into
two circulation so to say before and after operation,
after all six kinds of traffics was watched, then the
combination of those six traffics was proceeded
mathematically (6Cn), then they are regarded to
concrete architectural planning or space.

The guidelines for operating theatres have
published by CDC in US. It referred that traffic
separation in operating theatres did not prove the
decreasing of infection of operation. The purpose
of traffic separation disappeared. At present, staffs
and patients enter the operating rooms with general
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shoos and wards beds go into there directly.
Design subject for operating theaters is getting
efficiency and rational work place.

Another subject is to create amenity
environments in operating theatres for staffs and
patients. For the patients, the number of day
surgery is increasing. Then they can commit the
environment in operating rooms. For the staffs, it
is mentioned that the guarantee of comfortable,
errorless and efficient work under the severe
circumstance depend on the quality of space.

C. Nurses’ Traffic in the Ward

Some examples of splitting the nurses’ station
has been appeared 20 years ago. Its purpose was
to increase the time of direct nursing, and to
decrease the time of traffic. At the same time, it
was discussed thaf the balance of direct and
indirect nursing depends on ward planning and
design. From the beginning, the number of beds of
one nursing unit is rather much comparative with
Western countries. It has seemed to disturbed
efficient nursing operation.

The example has been appeared that not only
two nurses’ station but some more bases are
located in the ward. On the other hand, the
standards, which provides the number of nurses for
one unit nursing, has been changed slightly, High
density nursing system, seven patients for one
nurse including night time such as 1.4 patients for
one nurse in day time, appeared, and it aims to
shorten the length of stay. The results of the study
on architectural planning and design affect the
nursing operation.

ITI. PLANNING CONDTION OF PATIENTS®
ROOMS IN AN ACUTE PSYCH.[ATRIC
HOSPITAL

A. A Purpose of the Study

This study was held as a premise that
recuperation environment relates to treatment in an
acute mental hospitals. There exists a treatment
and recovery model from seclusion room to multi-
bed room, via single room, and then returning to
society. But most of the facility in present
situation, a ward is consisted with quite few
seclusion room and many multi-bed rooms. The
ratio of single bed rooms which can contribute to
treat the patients is very low, and the variation of
the rooms is very poor.

The purpose of this study is to discuss the type
of patients” room on the point of medical &
nursing, and its performance & equipments,



TABLE 1. PRESENT AND IDEAL ROOM

n %
Present room : all ward (n=599)
Single room 119 19.8
Seclusion room ¥ 6.2
Multi-beds room 480 80.1
Ideal room : all ward(n=597)
Single room 143 240
Multi-beds room 368 60.2
Either will do 86 14.4
Ideal room: less than 3month stay
{n=299)
single room 89 298
Multi-beds room 180 60.2
Either will do | 30 10.0
TABLE 2. RATIO OF CHOICE OF ROOMS
_ldeal room
le | Mulfi-bed | effher
n i % n % n %
a7 | I 1 25

present | single .
seclusion 37 6.2
| mult-beds | 46 | 7.7

0 0.0 0 0.0
‘351 605 | T1 | 119

TABLE 3. REASONS OF CHOICE OF ROOMS

n %
Reasons of choice for single rm. (n=136)
Stress of other patients' communication 93 68.4
Troublesome for other patients 57 419
Evaluation of situation 53 380
Adequate rest without relationship of patients 49 36.0
Necessity for physical treatment 28 206
Violence to other patients 21 154
Violence to articles 21 154
Possibility of hurting himself 17 125
Keeping privacy 13 98
Avoidance of suicide 11 8.1
Reasons of choice for multi-beds rm. (n=360)
Rehabilitation for social living 339 94,2
Evaluation of rehabilitation 281 78.1
Observation by mutual 259 719
Economical reason ‘ 62 | 172

TABELE 4. COMPARISON OF PERFOMANCE
- | present | ideal

% %

Resistance performance to violence 40.5 536
Security for patients 233 732
Avoidance of suicide ' 241 522
Sound insulation 207 | 616
Isclation (from outside) 718 | 674
Isofation (from inside) 216 232
Medical gas piping 18.1 37
Observation camera 241 493
Observation microphane - 405 56.5
Observation window 629 78.3
Toilet 655 | 46.1
Toilet door 48.3 62.3
Wash basin - 62.9 69.6
Shower 15.5 406
Storage fumiture 629 710
Desk 474 58.0
Common space 60.3 78.3

Number of patients 116 | 138

Then the variation and size of patients’ room,
which the modern hospital has to prepare, will be
discussed.

B. Method

Following items are investigated in 18 hospitals
for cach patient; 1)present room type ( seclusion,
single or multi bed room), 2) ideal room type 3) a
reason 4) architectural performance and
equipment of ideal room. And a property of each
patients like 1) gender, 2) age, 3) length of stay,
4)main disorder (ICD-10), 5) GAF (scale of
functional level). This study deals with 7 hospitals,
13 wards, 599 patients, who stayed less than one
year.

C. Conclusion

1. Using room and reason of choice

The patients in single bed rooms (including
seclusion room) is 19.8%. The ratio of patients
who admitted in multi-bed room but ideal room is
single is 7.7%  After all, single room is shortage.
The patients who prefer to be admitted in single
bed room is 24%, multi-beds room is 61.6%, either
will do is 14.4% (Table 1 & 2). The reason for
single room are “communication to others and
stimulus is mental stress”, “troublesome behavior
to others”, “evaluation of medical condition”, “rest
without consideration to others” and so on. The
reason for multi-bed room are ‘“rehabilitation
training in society”, “evaluation for social
adaptation”, “mutual observation”, and so on
(Table 3).

2. Performance and equipment of the single
room

Existing single room has equipments showed
Table 4. On the other hand, ideal single room
request more equipments showed on the same
Table. Many types of equipment, which are
requested into the ideal single room essentially,
can not be found at present. On the patients who
need single room originally, a cluster analysis were
done with “required performance and equipment in
single room™ as a variable. As a result, we can get
5 types.

Table 5. dnd Table 6 shows performance and
equipment for more than 80% of the patients.
Classifying single room type, Organic Psychosis
and Drug Intoxication belongs to type IV,
Schizophrenia belongs to type I or 111, Psychopath
belongs to type I, IT or ITI. And from the point of
GAF, low level such as GAF is less than 30 belong
to type [, IIl or IV, intermediate level like 31-60
belongs to type I, III or IV, and high level like 61-
80 is type Il or 11
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TABLE 5. TYPES OF RM. AND PERFOMANCE

I i | i [ v
% | % | % | % | %
Resist. prirm. viclence | 97.7 | 63 | 766 | 258 | 7.7
Security for patients 1000 | 219 | 100.0 | 37.0 | 1000
Avoldance of suicide | 1000 | 83! 321 | 185 | 1000
Sound insulation 1000 | 156 | 750 | 11.1 | 1000
Isolation (from outside) | 100.0 | 438 @ 964 | 206 | 77
Isolation (from inside) 326 | 125 36| 001000
Medical gas piping 837 218 107 | 22| 00
Observation camera 1000 | 188 | 393 | 258 7.7
Observation a7.7 63| 678 74 | 100.0
microphone. 100.0 | 37.5 | 100.0 | 407 | 100.0
Observation window 1000 | 1000 | 929 | 148 | 00
Toilet 674 | 1000 | 803 | 00| 00
Toilet door 698 | 1000 | 1000 | 222 | 00
Wash basin 698 | 969 | 321 | 558 | 923
Storage furniture 767 | 938 | 357 | 259| 00
Desk |
No.ofpatients | 43 | 32 | 28 | 27 | 13
TABLE 6. TYPES OF RMS. AND DISEASE
e [ w ] w ]V
. Total
%% | % | % | % |
Main disease
Organic psychosis | 190 | 190 g.s’ a76 | as | 2
Drugntoxication | 182 | 94| 91| 63| 00 11
Schizophrenia 70| 219 29 96 98 7
400 300| 200 50| 50| 20
GAF level
71-80 00| s00| o00| ool sco0| 4
81-70 0.0 500 0.0 125 375 8
5160 67| 267 €7 | 33| 27| 15
41-50 111 222 222 44.4 0.0 g
31-40 34| 26| 273 81| 30| 23
21-30 357 0.0 18.0 118 48 | 42
11-20 478 0.0 281 217 43 23
110 400! o0 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 1 requests the performance against
violence behavior and suicide such as locking from
outside and isolation.

Type 1I is comfortable patient’s room with
adequate rest with %oilet, wash basin, furniture,
desk and so on.

Type 1T 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.



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 People 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
system which direct moming and evening sky by
the changing the color of light.

We provided many elements into the many
points 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 disease 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.

{CARE ARCHITECTURE in A
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TABLE 7. SCORE BY MOSES SCALE

Female, Female Male
89 year old 74 years old 84 years old

period before | after | before | after | before [ after

c 15 | 8 15 g [ 1 8
mood Recognition for | Recognition for
2 items 3items

15 9 | 1 12

Imtation | "Nodisease | Recognition for
| | 1item
[ 7 | 4 | 21 | 20-] 18 [ 19

confination
_

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

42 | ASIAN PERSPECTIVE of HEALING NVIRONMENT

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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BY YUJI HIGASHI,
KENICHI YAMAKOSHI,
TOSHIRO FUJIMOTO,
MASAKI SEKINE,

AND TOSHIYO TAMURA

/1 any hemiplegic patienis who have suffered strokes
" ‘f" I need rehabilitation, The expected outcome of reha-
% (| bilitation is the patient’s independence and freedom
¥ I 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 carly 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, wming one's back to the
chair, and sitting down, The total time taken 1o complete the
TUG-T is used to predict the risk of falling [ 1}-[4]. However, no
objective critenia 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 10 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 to perform and accurately predict the risk of falling, it is
necessary Lo perform an evaluation applying appropriate objec-
tive data. Acquiring quantitative data would be of grear benefit
in a rehabilitation program.

Measurements during clinical rehabilitation have been at-
tempted using a triaxial accelerometer to measure the activity
objectively. which allows a quantitative evaluation. The trnaxial
accelerometer enables motion evaluation in the frontal, sagiual,
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 to 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
to 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 1o 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 1o 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 each 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 cextracted 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 de of 60 Hz)
and the three axes of angular velocities (angular velocity rat-
ings +400°/s, sensitivity 10.0 mV/®/s, and frequency response
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de of 40 Hz). The sensor measured 30 X 40 X 20 mm® and  most important task leading to the activity. Thercfore, these

weighed 7 g. two phases must be identified,

The signal from the sensor unit was recorded on a personal 1) Standing-up phase: During the sitting phase, the waisl
computer at a sampling frequency of 128 Hz via the multitele- pitch angular velocity, which is integrated in the angular
meter system (the high cutoff frequency was 30 Hz), velocity per unit time, is determined uniquely. In fact,

The transmitter of the multitelemeter system measured the angular velocity in the sining phase should be zero.
128 % 80 x 28 mm® and weighed about 300 g, In the healthy volunicers, the waist pitch angular velocity

is almost zero, although a maximum waist pitch angular
Measurement Method velocity of 10%s was observed in a healthy subject.
The measurement task was based on the TUG-T introduced by Therefore, the standing-up phase occurs when the output
Podsiadlo and Richardson [11]. and the procedure is as of the waist gyrosensor in the pitch direction exceeds a
follows: threshold of 10°/s.

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
armresis) - Vertical

2) The TUG-T begins with the therapist's go sign and the . ' Acceleration
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 (tum 1)

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

6) The subject turns away from the chair to sit down (turn 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 1 indicates the posi-
tions of the accelerometer and gyroscope. The activity was
captured with a CCD camera (EVI-D30) and recorded with a
VTR (GV-DY0ONTSC). 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 Fig. 1. Sensor unit positions.
phases, For safety, a therapist

stood beside the hemiplegic Table 1. Subject profiles
patients during the activity. )

Anteroposterior
4 Acceleration

Yaw Angle,.

# Roll Angle

Lateral
Acceleration
Pitch Angle

Anlteroposterior
Accaiaration

_ Age  Palyzed  UEBr
and Evaluating the Activity % Female 66 Right m Supervised
Phase of the TUG-T 2 Female 51 Right [ Supervised
The data gathered from the q, Famale 82 Right v Supenvised
healthy subjects were used 10 | g Male 74 Left v Supenvisad
identify the data from the sen- 5. Maie 83 Left v Supenvised
sor signals corresponding 1o b Male 65 Right \"3 Supervised
each activity phase. The fea- | 7 Male 39 Right i Supervised
lures of these cormresponding 8 Female &6 Left v Supsrvised
points were examined, and a 9 Famale 65 Left vV Supervised
method of detecting each activ- 10. Female _ 62 Right v Supervisad
ity phase was proposed. Fig- (Mean age, 5.3 < 13)
ure 2 shows a typical example of 1. Fernale 63 Left v Independent
the TUG-T in a nonmal young 2. Female 75 Left v Independcent
healthy subject (mean age. 3 Maile 75 Right v Independent
21.0 + 2), and Figure 3 shows | 4, Female 78 Right v Independent
the flowchart used to detect the 5. Male 74 Right 1] Independent
phase changes. First, cach ac- 6. Femnale 70 Left v Independeant
tivity phase was identified | 7. Male 57 Right v Independent
from the video images using a 8. Male 70 Right 1\ Independent
stopwatch. Q. Male 74 Left v Independeant
From the perspective of 10, Fermnale 76 Left v Independent
rchabilitation training, the abil- (Mean age. 71.2 £ 6)
ity to stand up and walk is the I e =
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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 Thy, which equals 10°/s.
In fact, the zero-crossing time (the time when the readout
is no longer zero) is sufficient to indicate the start of
walking. However, to eliminate the effects of the subject
swaying and swinging, the value of 10%s instead of the
2ero-crossing time was used.

3) Turning phases: For turning, the tums while walking (turn
1, ty) and for sitting down (turn 2, 12) were identified by a

large angular velocity signal in the yaw direction from
the waist sensor. To obtain 1; and /5, the yaw direction
angular velocity signal was processed by applying low-
pass filiering using second-order Buuerwonh filters with
4 cutoff frequency equal to the walking cadence.

To obtain Ty, the time when the yaw direction at the
waist is the maximum, and ., the maximum value of
the yaw direction, f} as 35% of y,, was first determined
empirically, When the angular velocity exceeded @y X ff,
this gave the duration of 7, (the blue line in Figure 2). Fur-
thermore, the value of . ¥ f, which is one step before
and after the time of @y (T ). was considered, When
the angular velocity exceeded
Wy X ff within Ty, £ 2, these

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

The duration of wrm 2 () was

Waist Rall
"ss)
%
P
%

obtained in a similar manner. Both
made use of the necessary assump-
tions that turn | occurs not long af-
ter the start of the walking phase,
and tum 2 takes place before the

~200

= sitting-down phase,

Th, (Start nréid]ndithp) =

Esasmsssssssns sssaw e

4) Sitting-down phase: The sitting-
down phase begins at the end of
tun 2 and ends when the output

wesssssmamnERRERE .

Waist Pitch
1°/s]
o

. f W""".;

{ Th, (End of Sitting Down)|

of the waist gyrosensor in the
pitch direction falls below the
threshold Th,,.

When the proposed method was
applied to hemiplegic patiems, it

Waist Yaw
["/s]
(=]

was taken into account that the
movement of both legs during
walking is not symmetrical. There-
fore, the value of « was set to
double the period of one step by
a healthy volunteer.

-200

These parameters were uniquely

Thy

["s]

Thigh Pitch

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

Clinical Application
of the Proposed Method

-200
Time [s]

20 25 The subjects were 20 hemiplegic

patients. Ten subjects were able to
walk independently, whereas the other

Fig. 2. Typical angular velocities and the points at which the phase changed In @ ten could only walk under supervision.
young subject during the TUG-T: (section o) standing up, (section b) walking 1, (section  Table | shows the details of the sub-

c) tumn 1, (section d) walking 2 (section &) turn 2. and (section f) siting down.

IEEE ENGINEERING IN MEDICINE AND BIOLOGY MAGAZINE

jects. The various activity phases were

JULY/AUGLST 2008



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 1, 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 1o 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 VIR.

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 1o
the results with a healthy volunteer. The results using the

Gyrosensor on the Waist
and the Thigh

———»|
Detection ol the Pitch
Angular Velocity at Waist A,

T=8B(=t2)

Detection of the Pitch [Deiocﬂon of the Yaw Angular
Angular Velocity at Thigh 4, ]

Velocity at Waist W, ()2

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

Fig. 3. Flowchart used fo detect the changes in phase.
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proposed method were strongly correlated with those based on
the therapists’ observations (Figure 5). Furthermore, most

values were included in the Bland-Altman plot within 1,96
SD (Figure 6).
One feature of the signal for a hemiple-

c

d

gic patient was that the angular velocities
in the roll and pitch directions were large,

[°/s]

Waist Roll

whereas those in the yaw and lower limb
pitch directions were small. The results
suggested a good correspondence between
the times measured by the therapists and

Waist Pitch
[*/s]

the times estimated using our method.

Clinical Application of the
Proposed Method

1) Comparing the total TUG-T time, the
supervised group took longer than the
independent group (P < 0.05; Figure 7).

2) Comparing the duration of each activ-

['/s]
o

Waist Yaw

=

ity phase, the supervised group took
longer than the independent group for

walks 1 and 2 (walk 1: P < 0.05, walk
2: P < 0.01), while no significant dif-

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

Thigh Pitch
[*/s]
(=]

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

Al
0 10

and vertical directions was smaller

20
Time [s]

%0 (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. (a) Standing up. (b) Walking forward. dependent group in the lateral direc-
(<) Tumn 1. (d) Walking backward. (8) Tumn 2. (f) Sitting down.

tion (P < 0.01: Figure 10),

r=0.998

Measured
Time [s]
(e)

10
Measured
Time [s]

(b)

20

Estimated
Time [s]

cs¥ssse

Measured
Time [s]

(d)

Time [s] Time [s]
0] (g)
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Fig. 5. Comparison of the fime measured to hemiplegics by the therapists and that estimated using our method, (@) Total
time. (b) Standing up. (c) Walking forward. (d) Turn 1. (e) Waking 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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Fig. 6. Comparison of the time measured to hemiplegics by the therapists and that estimated using our method with the
Bland-Altman plot. (o) Total time. (b) Standing up. (¢) Walking forward. (d) Tum 1. (&) Walking backward. (f) Tumn 2. (g) Sitting

down.
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120.00 - |
100,00
80.00 }
60.00 [
4000}

Seconds

20.00 ‘P <0.05

0.00

Independent Group Supervised Group

Fig. 7. Comparison of the total times between the inde-
pendent and supervised groups

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 Idenfification and the Use of Acceleration
and Angular Velocify Measurements

The TUG-T is a convenient first test used in teaching fall pre-
vention. The general practice in current research is 1o measure
the activity time in the TUG-T with a stopwatch. However,
the TUG-T consists of several activity phases (i.e., standing
up, walking 3 m, turning, and
sitting down). To better un-

Anteroposterior Direction Lateral Direction

40 - derstund the complete per-
35| & - W Independent Group formance, it is necessary to
|_| @ Supervised Group evaluate the conseculive se-
0 quence of activities. How-
w 25+ ever, because it is difficult 10
§ 20t isolate individual problems
3 - within each activity phase in
N 15 P<0.01 g ' :
the clinical environment, it
10 becomes necessary to identify
5 each activity phase and evalu-

ate each individually.

Standin Walk 1 Tum 1 Walk 2 Tum 2 Sitti
’ = . u.. The Method Used
Fig. 8. Comparison of the fime for each activity between the independent and supervised o Defect the Activity
groups. Phases in the TUG-T

The start of the standing-up
- x> phase could be detected using
8 Independent Group | | the waist gyrosensor signal in
0121 @ s the pitch direction, Generally
upervised Group pich direction, crally,
0.1 at the time of standing up, a
hemiplegic patient shifts his
% 0.08 f or her trunk by inclining for-
> .06 ward markedly, shifting the
2 center of gravity forward to
T 0041 counter the weakness of the
0.02F lower limbs. The measure-
ment of the pitch angular

Vertical Direction velocity of the waist was ex-

supervised groups.

Fig. 9. Comparison of the RMS value for each direction between the independent and

cellent for detecting this for-
ward inclination. The activity
of sitting down is similar to, but
opposite, that of standing up.

B Independent Group
B Supervised Group

0.25 r

]

Lateral Direction

0
Anteroposterior Direction

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-
omelters, force plates, and im-
pact acceleration [12]-[14],

Vertical Direction G . :
However, to identify walking

Fig. 10. Comparison of the CV for each direction between the Independent and supervised

groups.
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as one of a consecutive series
of activities, we obtained

JULYALGLIST 2008



excellent results from the pitch angu-
lar velocity signal of the lower limb.
The identification of the tuming
phase from the waist yaw dircction
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

014
012+

—*— Anteropostenior Direction
—=— Lateral Direction
—=— Vertical Direction

..... il T TN T TURE T T T T ST S0 TS T 0T T S T MY EY (0N W OO WY |

is widened 1o prevent falls. Another
feature of walking in hemiplegic pa-
tients is the reduced step length to

1 3 5 7 9 11 131517 18 21 23 25 27 29 31 33 35 37 39

Gait Cycle —»

confer stability. This is evident from
the small signal of the lower limb

Fig. 11. Typical RMS value in a supervised case.

—+— Anteroposterior Direction
—=— |ateral Direction
—+— Vertical Direction

pitch direction angular velocities. A 0.14 -
small signal for the yaw direction

angular velocity showed rotation of i
the waist, and the signal for the waist 01r
roll direction angular velocity had a 0.08 |
large amplitude, reflecting the com- (E 006
pensational reaction of the waist in '

the lateral direction while drawing in 0041
the lower extremity. 0.02+

In addition, the signal of the waist 0 . .

pitch direction angular velocity had a 12
large amplitude, This reflects the lefi-

3 4 5 6 7 B 9

10 11 12 13

Gait Cycle —»

right asymmetry in walking because
of the paralysis. Our results showed
that the signal information from the gyrosensors wom 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 futre, we should
be able to analyze the consecutive activity phases.

Correlation Between the Proposed Method

and Therapists' Measurements

In this study, the length of cach 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 wm was large among the
therapists. Usually, it is easy to identify the activity from a video
recording of the frontal and sagittal planes, but to identify the
beginning and end of a tum, 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 afier the tum. respectively. The dura-
tions of walks | and 2 determined using our method tended to be
shorter than those determined by the therapists, whereas the
duration of the wrn 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 | 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 stride 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 hecause 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 identilying each activity
phase in detail, it is possible to evaluate both the activity from
beginning 1o end (standing up — sitting) and the swilches
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between activity phases (walking — tumm — walking).
Detailed information was obtained for each activity phase so
that the cvaluation 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 SEKINE," Toshiyo Tamura,® Yutaka Kuwae,** Yuji Hicasa,**
Toshiro FunMoTo,** Yoshitake Osuima,*** Toshikazu Suica***

Abstract Step counters are popular for quantifying walking. However, 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 82.7 =86 yr, height 148.1 %76 cm,
weight 52.3+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 are). 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 * 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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Fig. 1 Filtering process: a dummy signal (a ), the band-pass
filtered signals (b), the low-pass filtered signals (¢ ),
the frequency band of selected filter (d ), the synthe-
sized signal from the filtering signals for step count
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Fig. 2 Block diagram of the step count algorithm.
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