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Abstract—Method and system for vital sign (Body
temperature, blood pressure, bless, Heart beat pulse rate, and
consciousness) and location/attitude monitoring with sensor
network for the proposed rescue system for disabled and elderly
persons who need a help in evacuation from disaster areas is
proposed. Experimental results show that all of vital signs as
well as location and attitude of the disabled and elderly persons
are monitored with the proposed sensor networks.
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. INTRODUCTION

Handicapped, disabled, diseased, elderly persons as well as
peoples who need help in their ordinary life are facing too
dangerous situation in event of evacuation when disaster
occurs. In order to mitigate victims, evacuation system has to
be created. Authors proposed such evacuation system as a
prototype system already [1]-[4]. The system needs
information of victims’ locations, physical and psychological
status as well as their attitudes. Authors proposed sensor
network system which consist GPS receiver, attitude sensor,
physical health monitoring sensors which allows wearable
body temperature, heart beat pulse rates; bless monitoring
together with blood pressure monitoring [5]-[7]. Also the
number of steps, calorie consumptions is available to monitor.
Because it is difficult to monitor the blood pressure with
wearable sensors, it is done by using the number of steps and
body temperature. In addition to these, psychological status is
highly required for vital sign monitoring (consciousness
monitoring). By using EEG sensors, it is possible to monitor
psychological status in the wearable sensor. These are
components of the proposed physical health and psychological
monitoring system.

Method and system for vital sign (Body temperature, blood
pressure, bless, Heart beat pulse rate, and consciousness) and
location/attitude monitoring with sensor network for the
proposed rescue system for disabled and elderly persons who
need a help in evacuation from disaster areas is proposed.
Experimental results show that all of vital signs as well as
location and attitude of the disabled and elderly persons are
monitored with the proposed sensor networks.

Section 2 describes the proposed acceleration sensor
system followed by experiment method and results. Then
conclusion is described together with some discussions..

Il.  PROPOSED SENSOR NETWORK SYSTEM

A. System Configuration

Figure 1 shows the entire system configuration of the
proposed physical and psychological health monitoring system.
Patients have physical and psychological health sensors and
send the acquired data through Bluetooth and Internet to the
Health Data Collection Center: HDCC server. On the other
hand, volunteers receive health data of the previously
designated several patients together with traffic flow
information and appropriate route information. When
something wrong occurs on the designated patients, HDCC
provides information which required for rescue to the
designated volunteers then the volunteers rescue patients in an
efficient and an effective manner.

e —S———

Body Temp.
Blood Press.

Internet

Pulse Rate N~ ——

Data Collection Center

000

psychological Location
physical health from GPS

Bless

Number of Steps Tabulet

Terminal

" ey
emergency Sy *

”,

Calorie Comsump.
GPS Receiver h
Attitude Sensor O'

information

Hospital Group Home

Fig. 1. Entire system configuration of the proposed wearable physical and
psychological health monitoring system

B. Sensor and Communication Ssystem

In order for evacuation and rescue, victims’ location and
attitude is important. Therefore, GPS receiver and
accelerometer are added to the aforementioned measuring
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sensors for body temperature pulse rate, blood pressure, bless,
and eeg, emg. All sensors should be wearable and can be
attached to ones’ tall forehead. Acquired data can be
transmitted to mobile devices in ones’ pockets. Through WiFi
network or wireless LAN connection, acquired data can be
collected in the designated information collection center. Then
acquired data can be refereed from the designated volunteers
who are responsible to help victims for evacuation and rescue.

I1l.  EXPERIMENTS

A. Experimental Method

Four patients are participated to the experiments. The
difference due to gender can be discussed through a
comparison between patients A and C while the difference due
to age can be discussed through a comparison between
patients B and C. Meanwhile, the difference due to the degree
of Alzheimer can be discussed through a comparison between
patients B and D as shown in Table 1.

TABLE I. FOUR PATIENTS
Patient | Male/Female | Age | Remarks
1 Male 37 | Good in Health
2 Female 47 | Good in Health
3 Female 39 | Good in Health
4 Female 91 | Weak Alzheimer
5 Male 36 | Good in Health
6 Male 39 | Good in Health
7 Male 49 | Good in Health
8 Female 29 | Good in Health
9 Female 53 | Good in Health
10 Female 56 | Good in Health
11 Female 58 | Good in Health

Experiments are conducted for eight hours a day for almost
every working day (Monday to Friday) for six months starting
from May 2012. Measuring time intervals are different by the
measuring items. GPS location can be measured every two
seconds while accelerometer data can be obtained every 10
seconds.

Meanwhile, body temperature, pulse rate can be measured
every one minutes while blood pressure is measured every one
hour together with EEG and EMG signals. The number of
steps is measured when the walking event happened. At the
end of day, four patients evaluate their physical and
psychological conditions which are listed in Table 2.

The 20 items listed in the Table 2 are questionnaires for
four patients. In the Table, Ai is questionnaire for physical
health while Bi is questionnaire for psychological health. The
patients respond to the questionnaire above with five levels
range from O to 4 grades. Total Score is defined as sum of the
aforementioned self evaluation of 20 items including physical
and psychological health items.
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TABLE II. SELF EVALUATION ITEMS

Al Feel fever
B1 Loosing thinking capability

A2 Feel tiredness

B2 Could not sleep well
A3 Get tired after exercise
B3 Feel bad

A4 Muscle hurt
B4 Unconfident about health

A5 Feel depression

B5 Do not want to work

A6 Limper hurt

B6 Cannot remember something
A7 Head ach

B7 Loosing balance

A8 Cannot recover after sleep

B8 Cannot think deeply
A9 Throat hurt

B9 Loosing concentration
A10 Joint hurt

B10 Sleep for too long time

B. Experimental Results

Figure 2 shows physical and psychological stress for the
patients. Physical and psychological stress is different each
other participants as shown in Figure 2.There are patients who
are sensitive to their stress such as Patient No.8. There are also
patients who are not so sensitive to their stress such as patient
No. 5.
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Fig. 2. Physical and psychological stress for the patients

Physical and psychological stress does not depend on male
/ female difference as shown in Figure 3. Also it is found that
physical and psychological stress does not depend on age as
shown in Figure 4 (a). Also Figure 4 (b) shows age
dependency on physical conditions of body temperature, blood
pressure, pulse rate, and the number of steps.
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An example of relation between total score of stress (sum
of physical and psychological stress) and measured physical
conditions of body temperature, blood pressure, pulse rate, and
the number of steps (for the patient with weak Alzheimer) is
shown in Figure 5.

As shown in Figure 5, there is no relation between total
score of stress (sum of physical and psychological stress) and
measured physical conditions of body temperature, blood
pressure, pulse rate, and the number of steps (for the patient
with weak Alzheimer). This is same thing for the other
patients. During the experiments, patients have to repeat the
following cycle of “walk for 10 minutes and then take a rest
for 10 minutes” for 10 times. Therefore, only the number of
steps is proportional to the total score.
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Fig. 4. Age independency on physical and psychological stress as well as age
dependency on physical conditions
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Fig. 5. An example of relation between total score of stress (sum of physical
and psychological stress) and measured physical conditions of body
temperature, blood pressure, pulse rate, and the number of steps (for the patient
with weak Alzheimer)

In accordance with increasing of time duration, the number
of steps is increased obviously. In accordance with increasing
of the number of steps, blood pressure (High) and blood
pressure (Low) is increased usually. It, however, is not always
that pulse rate is proportional to the number of steps as shown
in Figure 6.
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Fig. 6. Examples of relation between the number of steps (Time) and
measured physical conditions, blood pressure, pulse rate, body temperature

In more detail, relation between physical stress as well as
psychological stress and measured physical conditions of
blood pressure, pulse rate, body temperature and the number
of steps are shown in Figure 7 together with relation between
standard deviation of measured physical conditions of blood
pressure, pulse rate, body temperature and the number of steps
and physical and psychological stress. Figure 8-13 shows
relations between physical stress as well as psychological
stress and measured physical conditions of blood pressure,
pulse rate, body temperature and the number of steps together
with relation between standard deviation of measured physical
conditions of blood pressure, pulse rate, body temperature and
the number of steps and physical and psychological stress for
the male whose age is 49 years old, the female whose age is 58
years old, the female whose age is 56 years old, the male
whose age is 39 years old, the female whose age is 53 years
old, the female whose age is 29 years old, respectively.
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Fig. 7. Relation between physical stress as well as psychological stress and
measured physical conditions of blood pressure, pulse rate, body temperature
and the number of steps together with relation between standard deviation of
measured physical conditions of blood pressure, pulse rate, body temperature
and the number of steps and physical and psychological stress for the male
whose age is 36 years old
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Fig. 8. Relation between physical stress as well as psychological stress and
measured physical conditions of blood pressure, pulse rate, body temperature
and the number of steps together with relation between standard deviation of
measured physical conditions of blood pressure, pulse rate, body temperature
and the number of steps and physical and psychological stress for the male
whose age is 49 years old
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Fig. 9. Relation between physical stress as well as psychological stress and
measured physical conditions of blood pressure, pulse rate, body temperature
and the number of steps together with relation between standard deviation of
measured physical conditions of blood pressure, pulse rate, body temperature
and the number of steps and physical and psychological stress for the female
whose age is 58 years old
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Fig. 11. Relation between physical stress as well as psychological stress and
measured physical conditions of blood pressure, pulse rate, body temperature
and the number of steps together with relation between standard deviation of
measured physical conditions of blood pressure, pulse rate, body temperature
and the number of steps and physical and psychological stress for the male
whose age is 39 years old
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Fig. 12. Relation between physical stress as well as psychological stress and
measured physical conditions of blood pressure, pulse rate, body temperature
and the number of steps together with relation between standard deviation of
measured physical conditions of blood pressure, pulse rate, body temperature
and the number of steps and physical and psychological stress for the female
whose age is 53 years old
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Fig. 13. Relation between physical stress as well as psychological stress and
measured physical conditions of blood pressure, pulse rate, body temperature
and the number of steps together with relation between standard deviation of
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and the number of steps and physical and psychological stress for the female
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Through these experiments, it is found that the followings,

e There is no difference between male and female on
physical and psychological stress

e There is difference between the person in healthy
condition and the patient with weak Alzheimer

e There are age dependencies on physical and
psychological stress as well as blood pressure

e In accordance with increasing of the number of steps,
physical stress is increased while psychological stress is
decreased. This trend is observed from the relations
between standard deviation of physical conditions,
blood pressure, body temperature, pulse rate and
physical and psychological stress. Also this trend is
remarkable for young generation of patients.

Consciousness is measured with EEG sensor together with
eye movement observation. Quick eye movements (Succored
movements) are highly related to EEG sensor signals. This
fact is verified with the following experiments.

By using EEG analyzer tools, we analyze the fatigue effect
between the condition when user is looking at one point and
condition when user is looking at four points. In order to
analyze fatigue effect, we use Peak Alpha Frequency: PAF
[8]-[11]. It is possible to measure psychological status by
using PAF derived from EEG signal. Psychological health
condition is measured with Bio Switch MCTOS of Brain
Wave Measuring instrument (BM-Setl) manufactured by
Technos Japan Co. Ltd. every one hour.

Figure 14 shows alpha and beta frequency components of
EEG signals measured with the male patient whose age is 49.
At the begging of the experiment, he surprised so much that
beta signal raised remarkably. At that time, his eye moved as
quickly as shown in Figure 15. This situation is same for the
other patients. Therefore, it is said that there is high relation
between eye movement and psychological status.
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Fig. 14. alpha and beta frequency components of EEG signals measured with
the male patient whose age is 49
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IV. CONCLUSION

Method and system for vital sign (Body temperature, blood
pressure, bless, Heart beat pulse rate, and consciousness) and
location/attitude monitoring with sensor network for the
proposed rescue system for disabled and elderly persons who
need a help in evacuation from disaster areas is proposed.
Experimental results show that all of vital signs as well as
location and attitude of the disabled and elderly persons are
monitored with the proposed sensor networks.

Through the experiments with 11 patients, it is found the
followings,

e There is no relation between pulse rate and age

Body temperature is stable for time duration through
the experiments

e There is no age dependency on the number of steps
(calorie consumption)

e Psychological status can be estimated with eye
movements—There is relation between EEG signal and
eye movements (psychological status)

e There is no difference between male and female on
physical and psychological stress

e There is difference between the person in healthy
condition and the patient with weak Alzheimer

e There are age dependencies on physical and
psychological stress as well as blood pressure

Vol. 3, No.1, 2014

e In accordance with increasing of the number of steps,
physical stress is increased while psychological stress is
decreased. This trend is observed from the relations
between standard deviation of physical conditions,
blood pressure, body temperature, pulse rate and
physical and psychological stress. Also this trend is
remarkable for young generation of patients.
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