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Abstract—In this paper, we present an outline of the new
Information Delivery System During a Major Disaster for People
Who are Deaf (IDDD) designed using a web platform such as
nede.js and GCM (Google Cloud Message), and explain the
performance measurement results. Especially, a new
implementation method using web system for embedded system
and M2M system is explained. Also, we explained delay to
provide disaster information to a user and spreading that
information to multiple displays are sherter than previous IDDD.

Keywords- Disaster information, support people who are
disabled, web-based embedded system, ad-hoc network, mobile
phone

1. INTRODUCTION

Based on research of the status of people with handicaps
during the earthquakes in Kobe and Tottori [1,2], we designed
the Information Delivery System During a Major Disaster for
People Who are Deaf (IDDD) using mobile phone and ad-hoc
networking technology with an evaluation test conducted in
many different locations since 2007. We found many of the
people who are deaf without support during the disaster. Some
people were left alone in a house and could not go to a shelter.
In the event of a disaster, the electric power supply is usually
stopped, so that people cannot receive information from TV.
Half of the people who died in the earthquake in Kobe [1]
were people who required help to evacuate, such as people
who were elderly or disabled. Consequently, an information
delivery method is urgently needed for people with hearing
impairments.

In Japan, there are several Disaster Information systems for
people who are deaf as described in Table 1. However, these
Disaster Prevention Systems does not solve the problems of
people who are deaf. So that, we developed an information
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TABLEL DISASTER INFORMATION SYSTEM IN JAPAN
System name Problems
Eye Dragon I1 Does not work without TV

Only works in the living room

Information delivery to mobile
phone by email (Kobe Disaster
Prevention Net)

During dinner or taking a bath, it is
difficult to see the mobile phone

IT-based Disaster Prevention | Not focused on people who are

System (JEITA) disabled
Wireless IP Phone (Owase City) | Not focused on people who are
disabled

4]

delivery system based on a mobile phone network, and
performed several trials [3, 4, 5, 6]. We conducted 19 trials of
the IDDD from 2007-2011, asked attendants to answer
questions, and received answers from 312 people. For example,
we conducted a trial in the reception area of the department of
otorhinolaryngology in a hospital. In this case, the display
shows the number of the next person in line, and we tested the
display to show disaster information as part of the trial. The
overall impression of 87% of examinees was positive. The
details are described in [6]. Also, the IDDD is used in three
offices in Tokyo that employ people with hearing impairments.
We confirmed that the size and color of the characters were
legible and recognizable.

During these trials, we received many different
requirements from the different demonstration locations and
from the different attendants. However, the IDDD was
expensive and not sufficiently flexible and need to modify
complicated C code and adjust parameters to meet every
request. Also, the cost decreased for the LED display.
Therefore, we re-designed the new IDDD [7] based on
embedded web system and GCM (Google cloud message) to
start a new project supported by Ministry of Health, Labor and
Welfare for the long-term evaluation of new IDDD to check
usability at a school for the deaf in Miyagi.
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Figure 1. Outline of Information Delivery System

However, web based system is considered that the
execution speed is not so fast comparing to native application,
so that we measured delay to deliver information before we
install new IDDD at a school for deaf in Miyagi. In this paper,
we report a new implementation method using web system for
embedded system and M2M system, and the results of the
system performance test. As the performance test, we
measured information delivery time to display that information,
and delay between displays of IDDD. The delay to deliver
information is shorter than previous system (12 sec -> 6 sec).
This result is preferable at disaster situation.

We will first describe the outline of the Information
Delivery System During a Major Disaster for People Who is
Deaf (IDDD) in section II. We will then explain the details of
designing the new IDDD in section III. Then, we will explain
the performance measurement results in section IV. In
conclusion, the opinions of parents and further study are
presented in section V.

II.  OUTLINE OF THIS SYSTEM

Figure 1 is the outline of the design for the IDDD. IDD
consists of who send information (S1, S2, S3 and S4 in Figure
1, receiver (mobile phone: Android Smart Phone, R1 and R2
in Figure 1) and LED display (D1 and D2 in Figure 1). There
are four patterns to use this system:

(1) Send disaster information from a person who is aware
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of the disaster (S1 or S2). The information is received by a
mobile phone (R1 and R2) and transferred to the LED display
(D1 and D2) directly.

(2) Send disaster information from a disaster information
center of the government or an NPO (S2). The information is
received by a mobile phone (R1 and R2) and transferred to the
LED display (D1 and D2) directory.

(3) Send disaster information in an office or home locally
by using a personal PC or mobile phone (S3 or S4) to the
LED display (D1 and D2).

(4) Send support information by using mobile phone or
PC (S4), such as the time to provide lunch or information on
missing people in an evacuation area to people. The
information is directly sent to the LED display (D1 and D2)
directory.

This system was originally designed for SMS (short
message service), however, we now using GCM instead of
SMS. SMS was sometimes delayed or ignored when network
access was highly congested since SMS is a circuit switching
service.

Because of the network congestion in a large disaster, IP-
based services are better for accessing networks. GCM is one
of the most popular IP based push service. This is the reason
that we decided to use GCM.

From a smartphone to the LED display, we now use Wi-Fi.
When we designed the first generation IDDD, many feature
phones had Bluetooth but not Wi-Fi, but now, all smartphones
have Wi-Fi. In addition, this system can use ad-hoc
networking to connect multiple LED displays to deliver
information in a large space, such as an evacuation area or
office building.

III. DESIGNING NEW INFORMATION DELIVERY SYSTEM FOR

PEOPLE WHO ARE DEAF IN A MAJOR DISASTER

As described in section I, during these trials, we received
many different requirements, such as changing size and color
of LED display, the length of message and use flash/buzzer, at
the different demonstration locations and from different
attendants. For example, when a user would like to use
different size of LED display, we need not only to change HW,
but also to re-write API and to adjust the display speed. If a
display is used in a room where almost all people are deaf, the
display speed can be increased. Also, we should change the
number of repeats to meet the requirements of the location,
such as the message should be repeated many times at an
event; however, in an office, messages should not need to be
repeated so many times. Communication between an LED
display and a mobile phone is expected in an office space or
house; however, this function is not strongly required at an
event. In addition, if LED displays are used in large venues,
such as schools, we need to control them simultaneously using
ad-hoc networking. Depending on use cases, many requests
were raised, so that, we think we should re-design IDDD to
realize flexibility such as adding new functions and change
parameters easily.

First, we would like to change the application platform of



HTMLS App AnoldKpp functions and change parameters. We can develop a JS library
for a specific purpose and use the functions in WebKit as we
Native App Weblt Android need. Also, we can develop a client server system using a web
server to define communication among LED displays and

LNUX LINOX LINUX mobile phones very easily.
Type 1 Type 2 Type 3 For these reasons, we decided to use Type 2 for the new

Figure 2. Three candidates of system architecture of LED display
controller of IDDD

IDDD controller on the LED display from Linux to a higher
level to realize a uniform platform of the IDDD to add

IDDD system. In addition, we changed the LED from two
colors to three colors as described in Table II.

Figure 3 shows a detailed block diagram of our new IDDD
system. A disaster message is sent from the Information
Server via GCM and received by an Android phone. On the
Android phone, an Android application receives that message
and forwards it to the LED display. An LED display consists

TABLE 11 DIFFERENCES OF PREVIOUS ARCHITECTURE AND NEW R N o
ARCHITECTURE OF IDDD of the Wi-Fi access point (AP), Wi-Fi dongle, CPU, LED
—— NSy disp'lay, flashlight, l’)u.zzer, and battery (optiona'l). The Wi-Fi
AP is used for receiving messages from Android phones and
gs : Klouc Linux other LED displays when ad-hoc networking is working. We
APP Native Java Script used AODV to implement ad-hoc network function. The Wi-
Fi dongle is used for sending messages to other LED displays.
Deplaty LED 2 colors e O The flashlight is used to alert people when an emergency
WAN SMs IP (Google Cloud Messaging) message is received. The buzzer is used for the same purpose.
The battery can be connected to keep the system working in

Local communication Bluetooth Wi-Fi
the event of a blackout.

flexibility.

As described in Figure 2, there are three different
abstraction levels in the system and related programming
languages that are used for developing mobile phones. These
technologies provide a compact, reliable environment. Let’s
compare these three architectures. Type 1 is usually used for
different embedded systems. However, costs are required to
modify the functions of a system written in C code depending
on hardware. Type 3 is also widely used not only for mobile
phones but also for music players, TVs, digital cameras, etc.
However, on the IDDD, we do not need an application
execution environment like Dalvik VM. Type 2 is now widely
discussed as a Web OS. This architecture is flexible to add

We used nodejs [8] as an application execution
environment. Node.js is a compact web server, and we can run
applications written in JavaScript (JS) on it. Also, node.js is
widely implemented on embedded Linux platforms.

Figure 4 is the software architecture for the new IDDD.
Boxes with *, such as LED.js, adhoc.js and LED Device API
are newly added functions on this system. LED.js is a library
for controlling LED display and adhoc.js is a library for ad-
hoc networking among LED displays. For example, LED.js
consists of several JS functions as described in Figure 4. Also,
we need the device API for the LED display to drive the LED
controller.
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Figure 3. Block diagram of new IDDD
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