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Abstract—Rescue system with health condition monitoring
together with location and attitude monitoring as well as the
other data acquired with mobile devices is proposed. Backup
system for location estimation is also proposed. On behalf of GPS
receivers and WiFi beacon receivers, ZigBee is used as a backup
system. Attitude can be monitored with acceleration-meters
equipped in the commercially available smart phones and i-
phones. Also, the number of steps and calorie consumptions can
be monitored with the commercially available smart phones and
i-phones. By using these body attached sensors, health condition
of the persons who need a help for rescue when the emergency
situations can be monitored and used for rescue planning and
triage. Overall system configuration is proposed together with
the detailed system descriptions with some of the experimental
data.
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. INTRODUCTION

There are previously proposed methods and systems which
allow physical health monitoring [1]-[5]. Most of previous
methods and systems are not wearable and do not allow
psychological status monitoring. The proposed physical and
psychological health monitoring system is intended to monitor
these five major vital signs. Instead of direct blood pressure
measurement, indirect blood pressure measurement is proposed
by using a created regressive equation with the measured body
temperature, heart rate and the number of steps because it is
hard to measure the blood pressure directly. Also,
consciousness can be monitored by using acquired eye images
and its surroundings on behalf of using EEG sensors, because
EEG signals are used to be suffered from noises.

There are previously proposed evacuation and rescue
methods and systems [6]-[8]. It may be possible to find that
multi agent-based simulation makes it possible to simulate the
human activities in rescue and evacuation process [9],[10]. A
multi agent-based model is composed of individual units,
situated in an explicit space, and provided with their own
attributes and rules [11]. This model is particularly suitable for
modeling human behaviors, as human characteristics can be
presented as agent behaviors. Therefore, the multi agent-based
model is widely used for rescue and evacuation simulation [9]-
[13].
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In this study, GIS map is used to model objects such as
road, building, human, fire with various properties to describe
the objects condition. With the help of GIS data, it enables the
disaster space to be closer to a real situation [13]-[16].

A rescue model for people with disabilities in large scale
environment is proposed. The proposed rescue model provides
some specific functions to help disabled people effectively
when emergency situation occurs. Important components of an
evacuation plan are the ability to receive critical information
about an emergency, how to respond to an emergency, and
where to go to receive assistance. Triage is a key for rescue
procedure. Triage can be done with the gathered physical and
psychological data which are measured with a sensor network
for vital sign monitoring. Through a comparison between with
and without consideration of triage, it may be possible to find
that the time required for evacuation from disaster areas with
consideration triage is less than that without triage. The
following section describes the proposed rescue system with
triage followed by examples of the monitored data of health
conditions together with the location of attitude monitoring.
Then alternative location determination with ZigBee receiver
and transmitter is described with some experimental data.
Finally, conclusion is described together with some discussions.

Il.  PROPOSED RESCUE SYSTEM

A. Basic ldea

Fig.1 shows the concept of the proposed rescue system.
There are three major components, persons who need a help for
evacuation, Information Collection Center: ICC for health,
traffic, and the other conditions together with the location and
attitude information of the persons who need a help and the
rescue peoples. Body attached sensors allow measurements of
health conditions and the location and attitude of the persons
who need a help. The measured data can be transmitted to the
ICC through smart-phone, or i-phone, or tablet terminals of
which the persons who need a help are carrying. By using the
collected health condition and the location/attitude as well as
traffic condition information, most appropriate rescue peoples
are determined by the person by the person. It is better to
consider a triage in the emergency rescue stages. Therefore,
health condition monitor is necessary. Fig.2 shows the
proposed health condition monitoring system together with the
acquired data transmission system.
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Fig. 1. Concept of the proposed rescue system

\ I

Eye image acquisition

Heart

Rate
Loc'a‘ion
Attitude

These can be acquired with Mobile devices

Data Transmission to
Smart phone through Bluetooth

Smartphone

Through Internet

GPS, WiFi beacon
receivers

ZigBeeis used for location

estimationas a backup.

Fig. 2. Proposed health condition monitoring system together with the
acquired data transmission system

B. Sensors

There are four major items of the vital signs for triage.
Those are Body temperature, Blood pressure, Pulse rate,
Number of blesses. Therefore, these four items are mandatory
for triage. Other than these, Number of steps, calorie
consumptions would be better to monitor together with the
location and attitude as well as types of movement (walking,
standing, sitting, laying, running, jumping, etc.). These data
can be transmitted to the ICC through WiFi networks
(Bluetooth for transmission from sensors to smart-phone and
WiFi network for transmission from the smart-phone to ICC).
Location measurement can be done with GPS receiver in the
smart-phone and with WiFi beacon receiver is the same smart-
phone. The GPS receiver does not work indoor situation. Also,
both GPS receiver and WiFi receiver based location
determination accuracy is not good enough. Therefore, some of
alternative method would be better to add to the rescue system.
In this paper, ZigBee of transmitter and receiver is used for
location determination as a backup as shown in Fig.2.

Outlooks of body attached sensors are shown n Fig.3.
(a)Pulse Rate (b)Heart Rate  (c)Body Temperature
(d)Blood Pressure (e)Step, Calorie Consumption, Location and
Attitude can be measured with these sensors.
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(a)Pulse Rate

Blood Pressure

(b)Heart Rate (c)Body Temperature

Steps, Calory Consumption, Location Attitude

(d)Blood Pressure (e)Step, Calorie Consumption, Location and Attitude
Fig. 3. Used body attached sensors for health monitoring

C. Triage

In the triage stage, the types of disabilities which are shown
in Table 1 are taken into account. Through a consideration of
these types of disabilities, 10 grades of disabilities are taken
into account in the triage.

TABLE I. TYPES OF DISABILITY

Types of Disability

Cognitive Disorder

Neuropathy

Movement Disorder

Elderly Condition

Hearing Loss

Language, Visual Impairment

D. Examples of Measured Data

Other than smart-phone based step monitoring, there are
some body attached step monitoring sensors. Fig.4 shows an
example of the step monitoring sensor. The sensor allows
measurement not only the number of steps but also calorie
consumption can be measured. Also, these measured data are
archived and referred through Bluetooth communications. One
of example of the archived steps and calorie consumption is
shown in Fig.5.

Fig. 4. Alternative step monitoring sensor
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Fig. 5. Example of the acquired step data together with calorie consumption

Moreover, the number of steps can be measured with i-
phone application software tools. Fig.6 shows an example of
the measures steps in a month with iOS8 of i-phone.
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Fig. 6. Step monitoring with iOS8 of i-phone

There is health condition monitoring application software

tool so called HealthKit under the iOS8. The menu of the
HealthKit is shown in Fig.7.
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Fig. 7. Health condition monitoring with HealthKit with iOS8

Other than the vital records, Fitness, Food, Medical check
results, physical check results, sleep quality and personal 1D
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monitoring system together with the acquired data transmission
system is shown in Fig.8.

sensor Data ‘ Stor in HealthKit — send the Data

a

Fig. 8. Process flow of the proposed health monitoring system together with
the acquired data transmission system

On the other hand, Android OS of smart-phone which is
shown in Fig.9 provides APl which allows the step count and
step detector as shown in Fig.10. That is Android4.4kit-kat.
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Fig. 9. Example of Android OS of smart-phone

Android4.4 kitkat

Steps can be get with Acceleration meter

Accumulated steps can be get

Once step is acquired, send the data
Itis available to send the stepsin the time interval
Fig. 10. Additionally available APIs by using Android4.4kitkat
Using the API of Android4.4kit-kat together with
acceleration meter, types of movements can be determined as
shown in Fig.11. Also, identification of attitude type by using

the difference between actual and reference power spectrum
derived from acceleration meter is available as shown in Fig.12.
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Fig. 12. Identification of attitude type by using the difference between actual
and reference power spectrum derived from acceleration meter

Acquired acceleration meter data is compared to the
previously acquired reference data of the designated several
movement types in the frequency domain (Power spectrum).
The frequency components between a and b are compared
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followed by the summation of the different between both, a
and b calculation as shown in equation (1).

=|a2—b2+[a3—b3+---+[a9—h9| @

Thus movement types are discriminated. Also, movement
types can be discriminated with ZigBee. Fig.13 shows outlook
of the ZigBee used for the experiments. Movement types, in
this case, can be identified as “Stop”, “Begin to move” and
“Freely falling down” as shown in Fig.14. One of the examples
of the receiving signal for the movement type of the “Freely
falling down” is shown in Fig.15 while that of the “Stop” on
the floor is shown in Fig.16, respectively. Thus the movement
types can be identified with receiving signal strength of ZigBee.
Meanwhile, one of examples of the measured pulse rate with
the Pulse Coach which is shown in Fig.3 (a) is shown in Fig.17.
Pulse per minute can be measured every one second.

Fig. 13. Outlook of ZigBee
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Fig. 14. Movement type identification with ZigBee
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Fig. 15. Example of the receiving signal from the ZigBee when it is falling freely (DI3)
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Fig. 16. Example of the receiving signal from the ZigBee when it is on the floor (D14)
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Fig. 17. Example of Pulse Rate measured data (1/minute)

I1l.  DISTANCE MEASUREMENTS WITH ZIGBEE

A. Basic Idea

ZigBee coverage is limited up to around 100 m. Therefore,
the location of the ZigBee receiver can be identified from the
surrounding three ZigBee transmitters as shown in Fig.18. Also,
one pair of ZigBee transmitter and receiver makes distance
measurements with signal strength. Also, ZigBee coverage can
be expanded with through repeaters as shown in Fig.19.

Fig. 18. Location determination concept with three ZigBee stations
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Case 1: Without the Repeater Field intensity
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(b)With repeater
Fig. 19. Distance measurements

B. Measurement Data

Fig.20 shows example of the received signal of the repeater.

The data are aligned as shown n Fig.20 (b). The signal includes
not only signal strength but also the repeater ID. Therefore, it
can be identified that the data is received through which
repeaters.

:178;
{:179;
:179;00000000;185;006: 1002717 8340; 0742;7998;1339:0742:%;
;179;01002698;120; 00651002717 3340; 0742:7998;1333; 0742;5;

131
1
5183 Q0000000 138: 0071002717 3540, 0740;7986: 1331 ;074055
%%ﬁ 01002898 ;153007 ;1002717 3340, 07407988, 1351:0740;5;
;185

(a)Actual data

The order of the actual data from the top right to left
bottom

Time stamp
ID of the repeater
Signal Strength: LQI
Continuous No.

ID of the receiver
Supply voltage of the receiver
Al3(mV)
All(three times of voltage)
AlL(mV)
Al3(mV)

Packet ID

(b)Alignment of the data
Fig. 20. Example of the receiving signal

Fig.21 (a) shows example of the distance measurement
results for the case of without repeater (Outdoor) while Fig.21
(b) shows that of with repeater (Indoor), respectively. There is

Vol. 5, No.1, 2016
much electro-magnetic interference from the wall, pillar, etc.
for the case of “Indoor”. Therefore, location estimation
accuracy is not so good for the “Indoor” case.
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Fig. 21. Example of relation between receiving signal strength and the
distance

IV. CONCLUSION

Rescue system with health condition monitoring together
with location and attitude monitoring as well as the other data
acquired with mobile devices is proposed. Backup system for
location estimation is also proposed. On behalf of GPS
receivers and WIiFi beacon receivers, ZigBee is used as a
backup system. Attitude can be monitored with acceleration-
meters equipped in the commercially available smart phones
and i-phones. Also, the number of steps and calorie
consumptions can be monitored with the commercially
available smart phones and i-phones. By using these body
attached sensors, health condition of the persons who need a
help for rescue when the emergency situations can be
monitored and used for rescue planning and triage. Overall
system configuration is proposed together with the detailed
system descriptions with some of the experimental data.

Also, it is found that the distance measurements can be
done with ZigBee. Moreover, it is found that the coverage of
the ZigBee location identification can be expanded with
ZigBee transmitter and receiver (Repeater).
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