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Abstract
There is a sudden blackout on the big disaster. Under such circumstances,
people get information verbally by voice, megaphone, and radio instead of
looking at screen on PC smartphone, or TV by their eyes. After the big disasters, people have to find a safe place using voice announcements. However,
hearing-impaired people cannot get information from voice announcements.
Also, it is difficult to distinguish hearing-impaired people from others by their
appearances. Therefore, they have little chance to be supported by others.
We have researched and created a system for hearing-impaired people get
information on the disaster using an LED display. Also, we found such
a system is useful for elders and foreigners, too. People cannot use their
smartphones as usual because of a shortage of their battery under disinters.
Our system was designed to save battery using Bluetooth Low Energy (BLE)
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and small CPU. Besides, people will co-operate, looking at the same screen
under the disaster situation.
Keywords: BLE, advertisement, ad hoc network, LED display, disaster
information delivery system.

1 Introduction
Information Technology makes our daily lives convenient. The number of
mobile Internet subscribers in Sub-Saharan Africa has quadrupled since the
start of the decade. Around a third of mobile users, 250 million, have a
smartphone. By 2025 it’s anticipated that 634 million people in the region
will be mobile subscribers, up from 44 percent and 444 million people in
2017 [1]. Not only in Sub-Sahara Africa but also in many places in the world,
the smartphone is the best personal tool to get information. However, the
big disaster sudden breaks such circumstances in a moment. We have many
disasters in Japan. 15,893 persons were dead, and 2,553 persons were missing
by the big earthquake in 2011 [2]. A power outage is happened due to disaster.
In Africa, there are many disasters, too. Loss by earthquakes in Africa
was 12,218,000,000 (estimation) in 1980–2003, according to the research
by the World Bank [3]. African’s current urban population is increasing,
and it is said to become 1 billion in 2040. Also, African cities have a few
40% of neighbours to interact with compared to Asia and Latin America [4].
Cities will be crowded and can be disconnected from disasters. We usually
have information by television, smartphone, or Websites on PC. However,
Television and PC do not work at all under such a situation. People may use
a smartphone with a battery. However, too many people use smartphones,
and traffic will happen. Thus, people become to use microphones or radios
to inform something widely. Especially hearing-impaired people got little
information and were postponed to be rescued. They sometimes didn’t get
relief supplies.
Using a mobile – ad hoc network, we developed an information delivery
system for hearing impaired people based on such reports of disasters in
Japan. The system can operate without Internet access. People can use it with
a battery for about 2 or 3 days. The rest of this paper is structured as follows.
Section 2 discusses related works. Section 3 sets out our information delivery
system. In Section 4, we propose our experiments. Finally, in Section 5, we
summarize this research and discuss future studies.
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2 Related Works
There are several research papers about the situation of hearing-impaired
people under the blackout. “Giving and Receiving of Information by
Hearing-Impaired Persons after the Earthquake Disaster: From an Interpersonal Communication Point of View” (Kawauchi, 2011) told “the Symposium of Earthquake Communication clearly show the need to examine the
giving and receiving of information after a disaster. We need to reconsider the
use of “Mieru-radio/Teletext-broadcasting [5]”. However, the service named
“Mieru-radio” has already closed. Because visible contents on the web-sites
using smartphones are increasing day by day, and many people inclosing
hearing-impaired ones use them instead of special Teletext broadcasting [6].
Those smartphone applications are useful for normal lives. Communication
traffics apt to occur in a disaster, and it would be hard to get information by
smartphones. “Eye Dragon 4” [7] is a subtitles system of TV for hearingimpaired people. However, if electricity fails on the disaster, TV does not
work at all.
The daily lives of people including hearing-impaired people have been
more convenient. However, the situation for hearing-impaired people on
disasters has been worse. We have studied the information system for 12 years
[8–10] and have to continue our project under such circumstances.

3 Our Information Delivery System on Disaster
3.1 The Situation Under the Big Disaster
There are several phases under the disaster. When a disaster happens, people
have to refuge from buildings or some safe place as soon as possible. After
they get to the shelter, people stay there for a few hours, a few days or
sometimes for several weeks. The information for an emergency to refuse
is different from living at the shelter. However, there is a key person to
send messages to people: manager of the building or emergency preparedness
manager. The system we have developed based on such situations. The manager brings a smartphone with our application and sends messages to people
using LED displays widely. It is important to send information by a particular
person who has correct information not only in the emergency scene but
also after the disaster. Because people are in panic under disaster, and fake
news sometimes gets around among them. The information using a big LED
display with shining letters send them safety information. The display is an
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Block diagram of disaster information delivery system using BLE advertisement.

especially useful tool for hearing-impaired people, and it caused good effects
for hearing people, too.
3.2 Outline of Our System Using LED Display
The outline of our information delivery system is described in Figure 1.
The LED displays are connected by ad hoc networks using the BLE advertising message. An operator input information (text) from the application
on Android phone by BLE. The message is transferred to the next LED
display by the ad hoc network. There is a limitation of packet size so that
a long message is broken down into some advertisement messages. We also
implemented a simple routing protocol that meets the limitation of the packet
size of the BLE advertisement [11]. Table 1 shows the primary functions of
the application to control the information delivery system. Users can change
colours of texts, also can register some frequently used texts, and change
displaying speed. Also, there are buzzers. Hearing-impaired people cannot
hear sounds. However, someone near them who can listen to notices the
Table 1 Functions to control the LED display
Function
Outline
Input message
Compose message
Send message
Send a message to a LED display
Register message
Register frequently used message (10 massages)
Set colour
Red/Yellow/Green/Blue
Set display speed
Min. 0.5 sec for 8 characters
Set the number of repetition Min 1
Stop display message
Stop display message and
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information on an LED display. Such behaviours of other persons should be
some signs to look at the LED display for hearing-impaired people, too.
Figure 2 is a software structure of this system. The operating system
is Linux, and we use WebSocket to transmit/receive messages between the
operating system and the application. The IP address is v4. Node.js is used
as the basis to execute applications to realize the portability of application
since, on many operating systems, a web server is running. And functions of
the LED display is written by Java Script.
Figures 3 and 4 are screens of our application to control the LED display.
User (staff of the building or the chief of the floor) directly put in some

Figure 2 Software structure.
(Where the color is dark displays the newly developed function for this systems.)
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messages freely (Figure 3) or can choose a message from history data
(Figure 4). Users may use his/her message freely in daily life and can chick a
massage quickly in the case of an emergency.

4 Experiments and the Results
4.1 Outlines of the Experiments
After the tests of ad hoc connection, we had several experiments at different
use scenes in order to research effective use scenes (see Table 2, n = 238).
The main target was hearing-impaired people. Also, families and people
with hearing-impaired ones answered questionnaires since they are in the
same scene as hearing-impaired people when a disaster happened. People
help each other under the disaster. We asked them for the evaluation of our
system and also asked to choose colour, speed, contents that they would like

Phase
1
2
3
4

Table 2 Outline of our experiments using LED display
Year
Numbers Instrument
Function
Use Scene
2007∼2008
130
Feature phone Bluetooth
Events (Inside and outside)
2009
15
Feature phone Bluetooth/Internet Office/House
2010
46
Feature phone Bluetooth
Hospital (ENT)
2016
47
Smartphone Bluetooth
School of hearing impaired
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Figure 5

A sample of LED display (movable type).

to use their ordinary lives. How they use this display in their daily life is
essential for emergency use. People do not look at the LED display if they
are not accustomed to looking at the display in their daily lives. Figure 5 is a
photo of the LED display testing at the school of hearing-impaired children.
4.2 Results of the Experiments
Our system evaluated high not only by hearing-impaired people but also by
hearing ones. (See Figure 6). In addition, they chose as following.
• The colour of letters: [ordinary green/emergency red] has garnered high
acclaim.
• Scroll speed: The distance between the display and people was important how they felt the speed. The scroll speed adjustment function was
evaluated.
• Use scene: (Daily life) news, clock, information / (Emergency) Evacuation route
• Comments and requests: It will be useful at the shelter not only for
hearing impaired people but also for elders.
4.3 The Result of Usage on the Office at the Welfare Facility
for the Physically-handicapped in Tokyo
We had another experiment for daily life usage at the office. People must think
about the usefulness of the display in their daily life. If the display is only
used on the disaster, they cannot use it immediately in the panic situation –
staff of the Welfare facility for the physically-handicapped in Tokyo (n = 12)
co-operated us. There were hearing-impaired staff and 11 hearing staff. They
used our LED display for one month at their office in 2009. The chief had

8

Y. Hiramatsu et al.
With disability cerﬁcate
No disability cerﬁcate

Speed

Color

Readability

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Read all
Mostly read
Read lile
N/A
Green
Red
Others
N/A
Just right
Fast
Slow
N/A

Figure 6

Evaluation of the experiments in 2016.

a homing device and sometimes sent messages to the staff by the display.
The LED display usually showed time as a clock for one month at the office.
The results of the experiment were impressive. Staff evaluated the usage
of the LED display once a week. They evaluated the display as 2.66 points
(5 scales Likert Scale) in the first week. Then the evaluation of visibility
became 3.50 points in the last week. The contents were the same. However,
the staff got used to looking at the display and began to feel it easily. The staff
evaluated the LED display as useful (77%). The chief answered that he used
the homing device easily. The numbers of a user (n = 12) were not enough.
However, the experiment for a month at the real office had great significance
to consider the practical application of LED display.
4.4 A New Experiment in 2018 – For School of Hearing
Impaired Children
According to the request of teachers at the school of hearing-impaired children [12], we had another experiment on October 2018. They urged us to sent
messages speedy among 3 floors. After a test at Utsunomiya University, we
had an experiment of multi-hop communication using 6 nodes. Terminals 1,
2, 3, 4 were located on the second floor, and Terminal 5 and 6 were located
on the first floor to test the performance of reachability crossing floors. We
measured packet loss among LED displays (Refer to Figure 7).
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We designed 5 routes from 2 hops to 5 hops.
Route 1 (2 hops): Terminal 2 → Terminal 4 → Terminal 6
Route 2 (3 hops): Terminal 2 → Terminal 1 → Terminal 3 → Terminal 5
Route 3 (4 hops): Terminal 2 → Terminal 3 → Terminal 4 ⇒ Terminal 6 →
Terminal 5
Route 4 (5 hops): Terminal 2 → Terminal 1 → Terminal 3 → Terminal 4 ⇒
Terminal 6 → Terminal 5
Route 5 (6 hops): Terminal 2 → Terminal 1 → Terminal 3 ⇒ Terminal 5 →
Terminal 6 ⇒ Terminal 4
“⇒” means crossing floors
The results of the first experiment were as follows. The % shows
the percentage of the reached packet that was sent from the source node
(Terminal 2).
Route 1 (2 hops):
Route 2 (3 hops):
Route 3 (4 hops):
Route 4 (5 hops):
Route 5 (6 hops):

2 → 4(30%) → 6(28%)
2 → 1(37%) → 3(6%) → 5(6%)
2 → 3(0.09%) → 4(0.07%) ⇒ 6(0.07%) → 5(0.03%)
2 → 1(75%) → 3(3%) → 4(3%) ⇒ 6(3%) → 5(2%)
2 → 1(10%) → 3(1%) ⇒ 5(1%) → 6(0.8%) ⇒ 4(0.8%)

The results of this experiment told that communication performance from
Terminal 1 to Terminal 3 was very low. In addition, the reachability was very
unstable. This trial was performed at the school festival day so that there were
many people in the corridor. Because of the effect of human body shielding
and reflection by a lot of obstacles in the corridor, the measured value was
changed frequently.
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Figure 8

The result of the second test.

Thus we designed another experiment again. We had the next experiment
again at a weekday by using the same route setting and measured the performance of the communication. The result is described in Figure 8. The data
reception rate of each section was 50∼70%.
From these two results, we can think that the performance of the ad hoc
network using BLE advertisement is acceptable, however, to meet the very
crowded situation, we should consider the height and distance carefully.

5 Conclusion of Experiments and New Developments
for Practical Use
5.1 Extension for the Universal Use
According to the experiments, our system was recognized that it was useful
not only for hearing impaired people but also for hearing ones. For example,
this system should be helpful as a signboard for outdoor events such as
concerts and fireworks. For that purpose, we should consider the capacity of a
battery. A waterproof function is also crucial if we use it outside. In 2020, the
Olympic games will be held in Tokyo. Many foreigners will come to Japan,
who do not understand the Japanese language. Using this system and some
applications for translation, sponsors will show information easily by several
languages. If it does not spread on people’s daily lives, it will not be used
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at the emergency scene. Therefore, we consider how many usages and how
many people can use this system conveniently.
In addition, it is difficult to use a keyboard in urgent cases. Hence
voice input should be required. Because of the progress of voice recognition technology and machine translation technology, we can use voice
recognition now.
ICT provides people with convenience lives and diversity. Hearingimpaired people use the same device as hearing ones in daily life. However,
once the big disaster occurs, they would not have any information. We will
continue this project to bring words speedily and certainly.
It will be useful for elders, foreigners, and hearing people on disasters.
Just after the big disaster, people are at the panic station. An otolaryngologist
told us that elders who have hearing problems tend to hear less than usual
after the disasters. Also, it was reported that foreign residents in Japan could
not understand Japanese words for the emergency at the Great East Japan
earthquake by Kahoku Ninpo, a newspaper at Tohoku area in Japan [13]. The
words for emergency call are different from daily ones. If there were letters
at the display, it would be helpful for them, too. According to our research,
people hearing well also answered that this display would be useful for their
safety lives. Everyone needs reliable information about his or her living area
at a great disaster.
5.2 A New Role of Smartphone After the Disaster in Our System
At the end of this paper, we mention about smartphone use. According to the
following consideration, we would like to extend our model [10] to describe
the relation of disaster information and media, as illustrated in Figure 9.
We added this figure to the smartphone part; it is the third eye and ear in
ICT society. At the disaster in the acute stage, people do not have enough
time to see their smartphones. But if smartphones can receive information
that is transmitted between LED displays, the smartphones can store the
information, and the users can review it at the shelter. The message by voice
and display is gone immediately in the evacuation place. However, they can
check the information on their own smartphone screens. There are small
disasters or fires after the big one. Officers or some staff can send such
messages. Fortunately, the recent smartphone has a function of BLE, so that
it may be useful media to convey and store the disaster information. It is also
possible to send information to smartphones through BLE as another path. We
will continue researches to improve our system for information at disasters.
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