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The study focused on the research and development of
ICT for disaster preparedness and response with re-
spect to two categories, namely, the delivery of alert
messages to a wider group of residents and providing
quick relief communications in affected areas. In the
former category, the development focused on two tar-
gets, one involving the delivery of alert messages to in-
door residents with a V-Low broadcasting service and
the other involving the delivery of an alert message to
individuals with disabilities and difficulties in under-
standing Japanese. In the latter category, a portable
ICT unit was developed for rapid relief communica-
tions and mesh network technology enabling robust in-
formation sharing among base stations in the affected
area was developed. Furthermore, a related develop-
ment focused on a resilient information management
system to collect information in areas that do not have
access to the Internet. Furthermore, device relay tech-
nology was developed to expand access network cover
areas. After the development of individual technology,
activities for the societal implementation of the devel-
opment results were conducted through field experi-
ments and disaster drills in which the developed tech-
nologies were integrated and utilized.

Keywords: message distribution with V-Low broadcast-
ing, multilingual early warning mail, portable ICT unit,
NerveNet mesh network, expand access network areas

1. Introduction

Problems in communicating disaster information con-
stitute a big challenge. Thus, in the study, technology
development is conducted in two categories, namely an

alert message delivery problem “delivery technology” and
rapid relief of communication network “connection tech-
nology” in areas where the existing communications net-
work fails. In the “delivery technology,” it is difficult for
a particular delivery method to reach all residents in the
target areas depending on the disaster and recipient situ-
ation. The objective involves developing new methods to
fill the present gap areas wherein the message does not
reach sufficiently via existing methods. Two of the afore-
mentioned areas of our target with gaps include message
delivery to indoor residents and to individuals who do not
recognize Japanese messages. The first attempt is imple-
mented by using a new broadcasting medium termed as
the V(VHF)-Low multimedia service in which the broad-
cast signal reaches inside houses and alert messages are
delivered through fire alarm devices whose installment is
mandatory in every house. The other attempt involves
developing a function wherein the early warning mail is
conveyed via a multi-linguistic message and read-out in
Japanese.

In the field of “connection technology,” a challenge in-
volves developing rapid relief networks in affected areas.
Recently, various cloud services were introduced for use
in the event of disasters such as disaster response man-
agement for local governments, disaster medical services
for medical teams, and SIP4D (which is a cloud system
to share central governmental disaster data that was de-
veloped in the present program in SIP). It should be noted
that the cloud systems work when and where the Inter-
net connection is available. It is not true in most cases
in disaster affected areas immediately after a disaster oc-
curs [1]. This corresponds to the target area to utilize
rapid relief technologies in case of existing communica-
tions failure. In this context, the study examines several
technologies including a portable ICT unit that enables
temporal telephone service relief, a wireless mesh net-
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Fig. 1. Block diagram of V-Low alert system.

work technology to form a decentralized network, the Re-
silient Information Management System (RIM), and tech-
nologies to expand the access network area. In the study,
new technologies developed for information exchange in
disaster areas in the “Enhancement of Societal Resiliency
against Natural Disasters (SIP)” are described in conjunc-
tion with activities for their proof experiments and use in
disaster drills. Promotional activities for societal imple-
mentation are also discussed. Those for implementation
in foreign areas are described in the separate paper [2].

2. Achievement of Research and Development

2.1. Alert Delivery with a Broadcasting Medium
Based on the experience of the Great East Japan Earth-

quake, the study examines disaster information delivery
from national and local governments to local residents.
Improvements in the efficiency and reliability of the pro-
cess are expected by using multiple communication me-
dia and terminal devices. As a new information delivery
technique, we focused on a method using the V-low multi-
media broadcasting service (a new broadcasting medium)
in which the service objectives include its use for disaster
information delivery. Given the advantages of the system
wherein the message reaches indoor residents better and
areas covered are wider than existing methods, the system
is installed in fire alarm device as an indoor terminal that
every household is equipped with.

In the system development, a prototype of information
delivery system, adapting the V-Low broadcasting facility
was designed and attached. As an indoor terminal, a pro-
totype system of a V-Low receiver to extract alarm mes-
sages from broadcasting signals and then make a sound or

announce the messages were developed. A block diagram
of the V-Low alert system is shown in Fig. 1. By using
the prototype equipment, we performed a demonstration
experiment by taking an opportunity of a disaster drill in
an apartment in Arakawa City, Tokyo Prefecture. In the
demonstration experiment, sets of V-Low receivers and
fire alarm devices for residential use were placed inside
seven house rooms, and the disaster alarm message was
sent from V-Low broadcasting station to activate a fire
alarm device sound. The system worked well in the ex-
periment. We interviewed the residents of the houses af-
ter experiment on usability. In addition to the experiment
for individual houses, fire alarm sound demonstration was
performed for all the drill participants, and responses for
questionnaire sheets were collected from them.

The participants rated the system positively in terms of
its use when mobile phones are not available (i.e., when
individuals do not carry them, during battery depletion,
and power failure) and negatively in terms of concern
about false alarms, lack of necessity since everyone (even
children) carry smartphones, and insufficiency in deliv-
ering a more detailed message. In addition, a question-
naire on the effectiveness of message delivery for indoor
residents with fire alarm device was sent to 1741 local
governments throughout Japan, and 861 responses were
obtained. The answers to the questionnaire suggested
that the system is highly effective in terms of its use in
bedrooms and other rooms that are different from living
rooms in houses and also in houses for aged residents.
The results are shown in Fig. 2. Conversely, concerns
were raised that the message can cause confusion with
fire alarm and also that it can be misunderstood due to
the presence of only short and fixed messages. Based on
the demonstration experiments and answers to the ques-
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Fig. 2. Household situations where the indoor terminal of
the system is effective (answers from questionnaire to local
governments).

tionnaire, a report on the use of a model of disaster alarm
delivery system by using V-Low multimedia broadcast-
ing service was compiled. The report includes use cases
and explanations on integration and setting up the termi-
nal device. Another report toward product manufacturing
includes design considerations and draft specifications of
the product. The two reports were completed and are open
to the public in the website home page of the “Enhance-
ment of Societal Resiliency against Natural Disasters” of
SIP [3].

We applied the study results obtained to date and
started in building a Disaster Information System of
Kitakata-City and included multi-layered information de-
livery function linking with V-Low multimedia broadcast-
ing service since 2017. The system can simultaneously
deliver disaster information through various communica-
tion media, such as V-Low receiving radio terminal, out-
door loudspeaker stations, social network service (SNS),
registered e-mail, home page of Kitakata-City, and com-
munity FM broadcast, in a multiplexed manner. This
is the first disaster information delivery system in Japan
that utilizes the V-Low broadcasting service. It is ex-
pected that the disaster information system using the V-
Low broadcasting service can be used in wider areas of
local governments with the expansion of the V-Low ser-
vice areas and, improvements and lowering of the cost of
terminal devices of V-Low receivers. Based on the knowl-
edge and know-how obtained during the introduction of
the system to Kitakata-City, it is expected that the system
can be further extended to other local governments.

2.2. Early Warning Mail Service to Be Recognized
by Various Receivers

There are many natural disasters in Japan such as earth-
quakes, tsunamis, heavy rain, and floods. In any case,
an effective early warning system contributes to signifi-
cantly mitigating disaster damages. Mobile phone opera-
tors in Japan have services of early warning mail system
in which the national or local governments send messages

Fig. 3. Pictogram images in early warning mail for earth-
quake and tsunami.

to residents in designated areas. The system is perva-
sive and plays the important role of sending an advance
notice. However, the warning message in the service is
only written in Japanese, and thus it is generally difficult
for foreigners and individuals with disabilities to compre-
hend Japanese text. Hence, NTT DOCOMO is working
to solve the problem.

In this section, the following technology development
is explained:

• Multilingual and pictogram display of early warning
mails for earthquakes and tsunamis;

• Translation function and effort to improve the accu-
racy of the early warning mail sent from local gov-
ernments.

We first developed a system to convey early warning
messages for earthquakes and tsunamis that were sent
from Japan Meteorological Agency to a wider class of
residents. The warning messages are composed of fixed
Japanese sentences, and thus we developed an applica-
tion in the smartphone terminal that displays messages
in a foreign language or reading-out in Japanese. In the
application, the received message is displayed by the se-
lected language or the voice guidance is announced based
on the language selection of a user in the terminal. The
application is currently compatible with five foreign lan-
guages including English, Chinese, Korean, Spanish, and
Portuguese. The translated messages in the five languages
refer to a multilingual disaster glossary prepared by the
Japan Meteorological Agency. Further, we introduced a
pictogram display for earthquakes and tsunamis in con-
junction with text messages. The pictogram information
even aids users who exhibit difficulties in understanding
Japanese and the aforementioned five languages in recog-
nizing the meaning. The pictogram images are standard-
ized among mobile phone operators in Japan as shown in
Fig. 3. Currently, NTT DOCOMO and KDDI introduced
the multilingual operational service, and NTT DOCOMO
introduced the operational service with pictograms.

Messages of the early warning for earthquake and
tsunami delivered from the Japan Meteorological Agency
are composed of fixed sentences, and thus corresponding
multilingual messages are stored in the application in user
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terminals. However, a different approach is needed for the
early warning messages sent from local governments to
the local residents in the cases as evacuation advisories in
weather hazards. Possible candidate approaches include
the following:

1. Embedding a translation engine in the terminal appli-
cation,

2. Including generic translation sentences into the termi-
nal application,

3. Translating by using a translation server after receiving
Japanese messages.

After examination among the three proposed ap-
proaches, the third one is adopted because of size of ap-
plication development and flexibility. NTT DOCOMO in-
troduced the service with this approach since September
2016. Translation is available in three languages, namely
English, Chinese, and Korean via the DOCOMO transla-
tion server. Translation to other languages is available by
using other translation servers.

After the introduction of this function, it proved that
the translation accuracy was insufficient with respect to
Japanese place names and sentence compositions. The
total performance was not high. The following effort was
implemented to improve the translation performance.

Register place names, evacuation sites, and disaster ter-
minology (approximately 200 thousand corpuses),

Register all messages ever sent from local governments
such as evacuation advisories (approximately 1200 mes-
sages).

In order to evaluate the improvements after the en-
hancement efforts, the following study was applied. A
hundred sentences randomly selected from all the mes-
sages ever sent by local governments were translated from
Japanese to English, Chinese, and Korean via the transla-
tion server before and after improvement. Native speak-
ers of these languages evaluated the translation in terms of
grammar and meaning. Subsequently, cases wherein the
evaluation point equals or exceeds 3.0 in the 5-level rating
are counted. The numbers in Table 1 show the percent-
ages of cases that satisfy the aforementioned rating, and
the improvement obtained ranged from 15 to 28 % before
and after in the three categories. The results still indicate
that translation accuracy degrades for long sentences and
sentences with unregistered place names. The translation
accuracy could be improved by letting local governments
send messages in almost fixed sentences using templates
that include sufficient alert information corresponding to
disaster cases.

2.3. Communication Relief Technology in Affected
Areas

A lesson learned from the Great East Japan Earth-
quake and Tsunami in March 11, 2011, is that an in-
formation communication network should respond to
rapid increases in communication demand in wide areas.
The communication demand changes depending on time

Table 1. Ratio of higher ratings in translation before and
after corpus enhancement.

Translation Before After
Japanese ⇒ English 30% 47%
Japanese ⇒ Chinese 32% 60%
Japanese ⇒ Korean 53% 68%

elapse from the disaster event. Immediately after the dis-
aster, the demand for real-time communications, typically
as telephone services, increases explosively to verify per-
sonal safety. A few days after the disaster, when the
demand for real-time communication is settled, the de-
mand for data communication, collection, and processing
increases which is mainly originated from local govern-
ments and industries. After that, demand for communica-
tion approaches a normal state. Therefore, it is necessary
for communication networks to respond to the two peaks
of different demands after large-scale disasters.

The NTT Network Innovation Laboratory proposed a
“Mobile ICT Unit (or MDRU: Movable Deployable ICT
Resource Unit)” that enables the immediate provision of
minimum services in disaster affected area and has been
conducting the research and development of it [4]. The
mobile ICT unit is equipped with servers and storage that
operate as a small data center. The use of network virtu-
alization technology provides flexible capability both for
real-time communications and data system communica-
tions. A mobile ICT unit is a portable unit that contains
devices necessary for ICT services of which the opera-
tion image is shown in Fig. 4. The unit is quickly carried
and installed in affected areas. After the installation, a lo-
cal network is constructed in a short time, and necessary
minimum ICT services are provided to users in local area.
The unit can be connected to a wide area network via a
remaining optical fiber link or portable satellite earth sta-
tion in the affected area. Once the unit is connected to a
wide area network, it operates as an information hub in
the affected area connecting it to unaffected areas [5, 6].

The IP-PBX (Internet Protocol-based Private Branch
eXchange) is a main function of the mobile ICT unit, and
it provides temporary telephone-call service in an envi-
ronment wherein public communication services are un-
available.

A smartphone that is connected to a wireless access net-
work formed around the ICT unit can make a call with
regular mobile phone numbers. A smartphone owned by
an individual with a regular number is registered as an ex-
tension number by downloading an application from IP-
PBX. In this system, daily used regular telephone num-
bers can be used. Another advantage is that a telephone
call does not depend on carrier operator due to the connec-
tion to the access network via wireless LAN. By connect-
ing with a mobile satellite station or a remaining optical
line, the IP-PBX enables us to make an external telephone
call to the areas outside affected area. A portable IP-PBX
as shown in Fig. 5 is equipped with an IP-PBX for dis-
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Fig. 4. A use image of mobile ICT unit.

Fig. 5. Portable IP-PBX.

aster, wireless LAN (Wi-Fi) access point (AP), an ana-
log gateway (GW), and a battery in a waterproof case. It
immediately provides minimum communication tools in
the disaster affected areas. It is a compact system with a
registration capacity of 5000 terminals wherein 100 calls
can be simultaneously handled by an IP-PBX for disas-
ter. Its battery permits an operation time of approximately
8 hours.

An important application service equipped with IP-
PBX is the on-premises GIS. The system enables disaster
response staff to use geographical map information and,
collect and share local site information on the map even
in an environment wherein the internet connection is un-
available. Fig. 6 shows a use case image of the function
in disaster affected area. By using the function, pictures
taken by smartphone or all-sky camera in affected areas
are displayed on the map and shared with a response cen-
ter. Another use image to support rescue activity is that
the response center and staff in the site share information
related to staff location on the map and necessary mes-

sages by using the function. Demonstration experiments
by using the aforementioned ICT services are described
in the following section.

2.4. Mesh Network Technology and Testbed Func-
tion Development

We develop a mesh network technology termed as
“NerveNet” that is characterized by a self-sustained and
decentralized network [7, 8]. The network function has
two major characteristics. The first characteristic involves
mesh topology access networking to realize robust and re-
dundant network connectivity. If a route in the network
shuts down, the connection is quickly restored by finding
an alternative route in the network. The other characteris-
tic involves functions of distributed servers and database
platform that operate as servers for various applications
even inside the local network to provide user application
service without relying on clouds or an Internet connec-
tion. These characteristics are especially advantageous in
the case of rapid communication relief in disaster affected
areas where public networks are disrupted [9]. The us-
ability of the NerveNet system is characterized by the fact
that general purpose commodity devices can be used as
terminal devices. Personal smartphones can also be used
by downloading the application. An image of a NerveNet
node (base station) and a use image of temporal network
relief in disaster affected area are shown in Fig. 7.

The mesh network instruments by the NerveNet archi-
tecture are developed as a part of the testbed system devel-
oped in the research program. The main function involves
conducting field experiments to evaluate a new function
that can be used in disaster cases and to provide demon-
strations to users. The visualization of network configura-
tion and performance is an important task to fulfil research
targets. The visualization function is developed to observe
the network connection configuration and traffic situation
in the field experiments from a laboratory in real-time.
Also, the system can be used for post experiment analysis
to solve problems and improve the system.
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Fig. 6. A use case image of on-premise GIS for disaster affected area.

Fig. 7. Photo of a NerveNet node (base station) and a use
image of temporal network relief in disaster affected area.

2.5. Development of Resilient Information Manage-
ment (RIM) System

A Resilient Information Management (RIM) system
was developed to share different types of information re-
lated to disaster-hit areas. Fig. 8 shows an overview of the
RIM system. It consists of several mobile terminals, such
as smartphones and/or tablets, and a RIM server. By using
the RIM system, individuals can manage and share impor-
tant information including medical information for rescue
plans and actions, damage occurrence and its location as
well as goods supply/demand information. The RIM sys-
tem uses a locally established Wi-Fi network environment
which is generated by an MDRU. Thus, a RIM system can
be deployed even where the Internet and any other com-
munication network infrastructure cannot be used.

The RIM server has a relational database management
system (RDBMS) and a map information server to man-

Fig. 8. Overview of RIM system.

age the information collected from mobile terminals. An
application program termed as RIM client runs on each
mobile terminal. Users view information stored in the
RIM server on their mobile terminals and share it with
others. They also input information through their own
mobile terminals. To obtain location information using
maps is available with a map information server in the
RIM even in the disaster situations wherein the commu-
nication infrastructure and Internet-based map services,
such as Google Maps [10], are unavailable. Fig. 9 shows
typical views of the RIM client application. There are
two view modes, namely the normal mode and medical
mode. The normal mode is for normal users or victims
while the medical mode is for rescuers or doctors. The
view modes can be switched based on the user role or
situation. As shown in Figs. 9(a) and (b), they exhibit
the same icons from (1) to (6), and (8). Icon (7) in the
normal mode (i.e., the “Help” icon) is for reporting vic-
tims while icon (7) in the medical mode (i.e., “Triage”
icon) supports the rescuer/doctor to triage victims at the
disaster scene based on the standard triage method that is
termed as “START [11].” Icon (9) only exists in the med-
ical mode, and it is used to display demands and infor-
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Fig. 9. Screen snapshots of the RIM client application.

mation for the rescue team that the individual belongs to.
All the information is displayed by using pin marks on a
map as shown in Fig. 9. Detailed information is displayed
by tapping a pin. With respect to input of new informa-
tion, it can be input by following the menu displayed after
tapping a corresponding icon among icons (1) to (9) as
shown in Fig. 9. A few icons, such as dangerous place
information input icon, support photo taking and voice
recording by using smartphone’s camera and microphone
in addition to text input.

The Wi-Fi environment established by the MDRU is
not always stable, and it is occasionally difficult to trans-
fer data from RIM terminals to the RIM server, especially
when the geographical distance between them is large. In
order to resolve the situation, we developed a mobile relay
node that is termed as the RIM extender. The RIM exten-
der exhibits functions similar to the RIM server with the
exception of the map information server. Thus, the mo-
bile terminal connects to the RIM extender and uploads
some data to it with the same functions and protocols as
those of the RIM server. The RIM extender is deployed
by using several carriers including a human, bicycle, and
drone because it is a small mobile device. It should be
noted that we currently use a small laptop PC to realize
the RIM extender. In addition, the RIM extender can be
used as a message ferry [12] to carry data between two
isolated RIM servers to synchronize the data stored in the
servers without the Internet or any other communication
network services.

A prototype of the RIM system is developed and the
feasibility of all functions is confirmed. We demonstrated
the usability of the system to professional rescuers and
residents by using it in some events. We also started a
collaboration project with Aizu-Wakamatsu city office,
Fukushima, Japan to combine the RIM client with their
product named “Pe.com.in [13],” which is a map-based
SNS smartphone application that is used in daily life. The
user interface of “Pe.com.in” is similar to that of the RIM

Fig. 10. Procedure of sharing information.

client. Thus, the “Pe.com.in” user naturally uses the RIM
client in a disaster scene. We consider that this is a good
basis to encourage individuals to install the RIM client
application into their own smartphones to prepare for dis-
asters.

2.6. Technology for Expanding Access Network Ar-
eas

In this section, we introduce the relay by smart device
technology that expands access network areas. In disaster
areas, it is difficult for residents to utilize their communi-
cation devices, such as smartphones or tablet computers,
in the case of a public network failure. Thus, a means of
communication that does not require network infrastruc-
tures is useful.

To address this problem, we examined the relay by
smart device technology based on Wi-Fi Direct (WFD)
and delay-tolerant network (DTN) [14, 15]. The proce-
dure of sharing information using the relay by smart de-
vice technology is shown in Fig. 10. Initially, connection
groups are formed by using WFD. Next, mobile devices
share data within their own group by using the DTN func-
tion. Furthermore, once the group is disbanded, another
group is constructed with different members, and mobile
devices exchange data again. Thus, this technology en-
ables multi-hop D2D communication networks between
mobile devices only.

Figure 11 shows the overview of the scenario using re-
lay by smart devices in disaster areas. Outside the wire-
less local area network, the information is shared only
among smartphones by using the relay by smart device
technology. In the wireless local area network, smart-
phones are connected with the ICT unit and information
is spread in the nearby and remote areas through the ICT
unit. Therefore, the fusion of the relay by smart device
technology and the ICT unit enables individuals in disas-
ter areas to send and receive the information through the
Internet even if there is no infrastructure nearby.

In order to confirm the usefulness of our technology de-
velopment, we conducted demonstrations by using a net-
work as shown in Fig. 11 in San Remigio, Philippines,
and the results indicated that the data from the smartphone
outside the wireless local area network can certainly reach
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Fig. 11. Overview of scenario of using relay by smart device.

the ICT unit. In addition, we asked local residents to use
smartphones with the relay by smart device technology,
and found future study items of focusing on ease-of-use
of this technology for ordinary individuals.

3. Demonstration Experiments to Promote Im-
plementation

Research results from individual technology develop-
ment were described in the previous chapter. The devel-
oped technologies are not individually used to cope with
disaster. Conversely, they should be used together in a
coordinated manner. In the Program, a systematic study
is performed as “delivery technology” and “connecting
technology.” In order for the technologies to be used in
disasters, it is necessary to demonstrate them to users and
for users to experience their usefulness and effectiveness.
Specifically, with respect to “connecting technology,” an
integrated demonstration of network link with terminal
equipment is useful. These demonstration activities en-
able procuring user consent to the usefulness of the new
technologies and facilitate social implementation.

3.1. Portable ICT Unit Utilization to Relief Com-
munications Network in Local Area

The objective of development of the portable ICT unit
involves quickly relieving communication in local area.
In order to validate the development achievement, we con-
ducted several field experiments and demonstrations us-
ing the system. Specifically, we sent the unit to Takamori-
Town, Kumamoto Pref. of Kumamoto Earthquake af-
fected area in April 2016 [9]. Other activities mostly
involved participating in disaster drills in coordination
with local governments wherein emergency communica-
tion practice was performed by using temporal network
relief by response staff and residents.

A typical example is explained as follows: a field
demonstration in conjunction with disaster drill was con-
ducted in Onna-Town, Okinawa Pref. on July 13, 2017. It
was assumed that an earthquake with seismic coefficient
level 7 occurred in the area in one of the leading resort ar-
eas in Okinawa Prefecture. An exercise was conducted in
collaboration between local government and private sec-
tor (a resort hotel) to verify disaster measures for the evac-
uation of residents and tourists both domestic and over-

seas. The overall configuration of the drill is shown in
Fig. 12. In the drill, the relief network connected three
sites including the Onna-Town office, Okinawa Institute
of Science and Technology, and Rizzan Sea-Park-Hotel,
Tancha-Bay. Three base sites were connected with FWA
(fixed wireless access) private wireless links, and portable
ICT units were placed at these sites. In the drill, telephone
communication by smartphones, voice paging, and trans-
mission of video images among sites were performed. It
is verified that the situation of other base sites was moni-
tored from the response center located at the town office.
Additionally, the Internet connection through high-speed
satellite link with mobile earth station to WINDS satel-
lite was used for language translation of the messages for
foreign tourists with Voice-Tra.

A questionnaire survey was given to individuals who
joined and used the terminal devices in the drill to exam-
ine effectiveness of the system if it was used in a response
center or evacuation center in the event of a disaster. A
hundred percent of the responses indicated that the system
was “very useful” or “useful.” Furthermore, interviews of
local government staff resulted in positive comments re-
lated to the system including “useful for communication
among staff members,” “effective if introduced,” and “this
is the system actually needed.”

3.2. Utilization of the Integrated System of the
Mesh-Network and Portable ICT Unit Con-
necting Many Base Stations in Disaster Drills

The development of the NerveNet mesh network was
explained in Section 2.4. The assumed use scene of the
system corresponds to a first aid for communication relief
in disaster affected areas with the private wireless net-
work. Furthermore, it is probable to connect important
base sites with the private wireless network in a local area
ahead of a disaster. Actually, the introduction of a private
wireless network among government response centers or
disaster base hospitals is being considered separately from
public networks. An example of utilization of combined
mesh network and portable ICT unit in a disaster drill is
explained here. The setting up of alternative response cen-
ters in suburban areas is planned in preparedness for the
supposed Tokyo Inland Earthquake that can lead to dam-
age to government functions in the Metropolitan area. The
drill was conducted to practice the procedure by using
a private communication network composed of the Ner-
veNet technology developed in the program.

The mesh network connects 8 nodes (base stations)
with the mesh configuration providing robust network
connectivity. A portable ICT unit was placed at each base
station. A concept of network for the drill is shown in
Fig. 13. In order to provide communication capability to
all participating groups, plurality groups were accommo-
dated under each portable ICT unit. It was verified that
eight portable ICT units located at network nodes suc-
cessfully worked in coordination to create an extension
environment for all the terminal devices in the network. In
the arrangement, telephone call and teleconference among
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Fig. 12. Overall configuration of the disaster drill at Onna-Town.

Fig. 13. A concept of network among alternative response
centers in drill.

all participant groups were performed by using terminal
devices of desktop telephones and smartphones. Docu-
ment sharing with tablets were performed for all groups,
and facsimile and video exchange were also implemented
for a few groups. The overall network throughput corre-
sponded to approximately several 10 Mbps and all com-
munication items planned in the drill were successfully
achieved. Additionally, various practical drill practices
including the Internet connection via network gateway,
interconnection with MCA wireless system via a conver-
sion unit, and connection to mobile satellite terminal with
portable ICT unit were successfully conducted.

3.3. Progress in Societal Implementation
The cases of societal implementation of the portable

ICT units to various institutions increased through pro-

motion activities such as demonstration experiments and
drills. Implementation of the units is achieved in the gov-
ernment institutions under several ministries. With respect
to the institutions other than the government, the disaster
response departments of telecommunications carrier com-
panies and medical institutions introduced them. Interna-
tional standardization of the portable ICT unit (MDRU) is
completed in ITU-T in 2016 [16], and this contributed to
its introduction overseas. Promotion activities conducted
outside Japan are reported by a separate paper in the same
issue [2]. Currently, the number of cases wherein the tech-
nology was introduced overseas corresponded to 7. The
total number of cases of introduction correspond to 53 sets
for 19 institutions (as of August 2018).

4. Conclusion

The study describes the results and activities for their
societal implementation of the information and commu-
nications technologies in disasters in the “Enhancement
of Societal Resiliency against Natural Disasters” of SIP.
Information exchange capability is the basis of disaster re-
sponse and recovery, and thus it is extremely important to
ensure information delivery and to maintain secure com-
munications in the event of disaster.

With respect to the “delivery technology,” two themes
were examined, namely a message delivery technique to
indoor residents by using a new broadcasting medium and
a message delivery measure for individuals with disabili-
ties and difficulties in understanding Japanese in the early
warning mail system. A pictogram expression service was
added to the early warning mail after Japanese cellphone
operators agreed on the pictogram images for earthquake
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and tsunami alerts. The new functions enhanced disas-
ter measures of the early warning mail that were already
in operational service of cellphone operators. A signifi-
cant achievement in this study of SIP was that the research
results were promptly used in societal services with stan-
dardization. Although progress was achieved in alert mes-
sage delivery measures in disasters, a major issue still
involved the delivery of messages to residents to ensure
prompt action. Further studies should focus on the future
direction of disaster message delivery to ensure that all
residents receive massages and recognize their meaning
correctly.

With respect to the “connecting technology,” the
portable ICT unit as a communications terminal with
many practical functions in the event of disaster was al-
ready implemented in more than 50 units in Japan and
overseas. The mesh network technology is suitable for
connection among sites in disaster area in combination
with the portable ICT unit. Public communication net-
works are well convenient and reliable in normal life, and
thus people tend to consider that the public communica-
tion networks can be used in the event of disasters as well.
However, the lessons learned from the Great East Japan
Earthquake indicated that the public communications net-
works and the Internet connection suffered damage due
to tsunamis and longtime power outage. Furthermore, the
surge of communication requests immediately after dis-
asters caused traffic congestion leading to communica-
tion failure in areas wider than those that were directly
affected.

Although, the problem has been currently improved to
a certain extent by the efforts of carrier operators in Japan,
this does not sufficiently guarantee that the same issue
will not recur in the event of a significant disaster. In
planning disaster drills, it is necessary to consider that
the public communication networks can be disrupted, and
thus preparedness for alternative communication means
is required in this case. Actually, the mesh network tech-
nology and portable ICT unit developed in the study have
been utilized in various drill exercises described in Sec-
tion 3.2. The continuation of technology development and
effort for societal implementation will contribute to miti-
gating damages in coming disasters.
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