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Abstract—Broad band communication in international disaster
response actions is becoming more and more important. The
information exchange between field commanders and tactical
commanders lead to a better situational awareness on all layers of
disaster management. After large scale disasters the communica-
tion infrastructure is often destroyed. Setting up a communication
infrastructure is essential in todays disaster response actions. As
organizations in disaster response actions are not consisting of
IT experts, the setup and installation has to be easy. For example
[1] presents such a system. Furthermore the knowledge where to
deploy wireless communication gateways and wireless relay nodes
is essential. Consequently the positions of field commanders can
not only be based on tactical needs but also on communication
needs. In this paper we present a simulation based visualization
tool which helps to evaluate deployment locations for communi-
cation equipment to achieve adequate communication coverage
with respect to specific disaster related information. This allows
an optimal positioning of relay nodes and field commanders in the
field to ensure broad band communication in disaster response
actions and thus faster help for the people.

Index Terms—communication infrastructure, first responder
support,terrain analysis, simulation

I. INTRODUCTION

Both data and voice communication between first respon-
ders of the same emergency organization or across different
organizations, is crucial for an effective cooperation during
disaster management. Especially data communication offers
the possibility to exchange relevant information across orga-
nizational and national borders, making the help more targeted
and faster, thus saving more people. One of the major problems
right now is that after a large scale disaster the existing
broad band network is often partially destroyed or overloaded.
As the communication network is essential for a better and
more efficient collaboration between first responders there is
a critical need for setting up an alternative communication
infrastructure. In such a case, another issue arises: first respon-
der organizations are not experts in setting up communication
equipment, thus these systems have to be designed such that
they are easy to setup. The wireless communication system
proposed in this paper is part of the work done within the
IDIRA (Interoperability of data and procedures in large-scale

multinational disaster response actions) [2] European FP-7
research project. IDIRA’s main aim is to improve cooperation
across responding organizations by enabling interoperability
between different information systems that can mutually act
as data sources or data consumers, and with connected devices
used in the field. This leads to more efficient multi-national
and multi-organizational disaster response actions.

In large scale disasters often satellite communication is
used, which offers a good possibility to bring communication
on scene (used as uplink technology). Different technologies
and systems such as Broadband Global Area Network (BGAN)
[3], Global Very Small Aperture Terminal Forum [4] or
Emergency.lu [5] are used by the first responders. For on scene
communication between different commanders in the field
satellite communication is too expensive and in the case of
BGAN has only a very limited bandwidth. For on scene com-
munication a different system is needed which establishes local
links. Bringing independent communication equipment such as
WIMAX [6] or UMTS/LTE [7] equipment on scene has the
drawback that licenses to operate the system are needed. A sys-
tem specifically targeted towards broad band communication
for PPDR (public protection and disaster relief) organizations
is HiMoNN [8]. HiMoNN uses the frequency band 5150-5250
MHz with a transmission power of up to 8W according to
the ECC Recommendation [9]. It is capable of transmitting
28MBit/s over several kilometres. Unfortunately the systems
usage is only allowed in a few countries and thus is not
usable for an interoperable communication infrastructure in
international disaster relief. Within IDIRA we have decided
to use IEEE 802.11 [10] based systems which can be used all
over the world without needing specific licenses.

A promising approach for an easy-to-deploy 802.11 based
system is described in [1]. The system consists of so called
Wireless Gateways (WGW) which consist of three self-
aligning directional antennas which establish communication
links between each other. The Wireless Gateways provide
local communication for end-devices and building up a mesh-
network using the directional antennas. The self-alignment
process allows setting up a communication node by non IT
trained field staff. But even more important is the actual plan-c©2015 IEEE http://ieeexplore.ieee.org
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ning of the communication network itself. Here it is crucial to
answer the questions where to place the Wireless Gateways,
where to place relay nodes, and where communication for the
field commanders is possible.

As described in [11] each field commander will be equipped
with a Wireless Gateway and a Communication Field Relay
to ensure on-site communication. But in a disaster situation a
field commander needs to know where exactly in the disaster
area the WGW should be placed to ensure interaction with
other operational areas and with the tactical layer. To find
intuitively an appropriate place for the wireless gateway or
the communication relay node within an operational area for
the first responders team is not possible. Field commanders
need to be supported by a system which allows them to
position themselves together with the Wireless Gateway based
on tactical needs as well as based on communication needs.

In our work we propose the simulation of possible de-
ployment locations based on a radio wave propagation model
and terrain data. Here, we present an implementation of a
simulation about the radio propagation based on SPLAT! [12].
As mentioned above, in the case of desaster relief actions,
the communication infrastructure must be easy to deploy.
Thus, there is limit of weight and height of the poles for
an independent radio communication network. The system
described in [11] uses poles of 6m height. With such a height
forests and buildings getting essential obstacles. Consequently,
accurate data on the digital surface is needed to retrieve
appropriate simulation results for fast deployable networks
after disasters.

The radio propagation overview visualized together with the
actual disaster situation helps the first responders in a large
scale disaster to find adequate places and areas to establish a
broadband wireless communication infrastructure. Based on a
map and the radio propagation simulation the first responders
are able to install the wireless gateways and the communi-
cation relay nodes. The setup of the communication channels
within the wireless communication network is performed fully
automatically by the wireless gateways.

In the following sections we describe i) the wireless gateway
to establish a secure and reliable communication infrastructure
after a large scale disaster destroyed the public communication
infrastructure, ii) our approach to implement and extend the
RF propagation simulation based on SPLAT! in a resolution
of 1/10 of an arc second, iii) the IDIRA Common operational
Picture application supporting the first responders and iv)
we provide a validation scenario of the IDIRA system in a
real world field trial after a large scale disaster with support
for the first responders to setup a wireless communication
infrastructure. Finally, we show some further steps and ideas
to improve our proposed architecture.

II. WIRELESS GATEWAY

The motivation for the construction of the so called Wireless
Gateway (WGW) was the need that an independent communi-
cation network should be established right after a disaster by
field personnel not consisting of IT experts. The core concept

Fig. 1: WGW Building Blocks [1]

behind the WGWs is a fully automated interlinking of direc-
tional Wireless Local Area Network (WLAN) components.

A. Overview

Directional antennas are used as this allows increasing
the communication distance between two sites, compared to
omnidirectional antennas. Due to the usage of directional
antennas the signal strength will be higher and the noise
level will be lower. This increase in the signal to noise ratio
(SNR) allows higher throughput at similar distances or longer
distances with similar throughput.

The different components, described later on, of the WGW
are assembled into one case and can easily be installed on
a pole to get better radio propagation. This is a prerequisite
for an easy installation in the operational area by the first
responder teams. The WGW is able to align its antennas
fully automated to other WGWs and provide a wireless cloud
as well as a Local Area Network (LAN) connection to the
spanned network.

In a large scale disaster the first responders need an easy to
use and handy communication system where it is not necessary
to be an IT expert to deploy a communication system within
the operational area. To setup a communication system based
on the WGW must be possible for non-trained users. This has
been a main requirement in the design and implementation
phase of the wireless gateways. The WGW has two main
assets: easy setup/installation and extended coverage.

The main building blocks of the wireless gateway are shown
in Figure 1.

B. Structure

The system is mounted in a housing which consists of four
layers. The top three layers (also referred to as modules)
are built up identically. Each one consists of a wireless
access point (which can also be configured as wireless client)
connected to a directional antenna. Further a motor which
allows rotating each antenna individually by 360◦ is mounted
in each of the top three layers. In the bottom layer the core

c©2015 IEEE



IEEE PerCom 2015 Workshop for Pervasive Networks for Emergency Management March 27, 2015 St. Louis, Missouri,
USA

parts of the systems are installed. A small embedded PC
(router-board), with routing functionality, running OpenWRT
firmware together with a switch provides connectivity between
the WLAN stations and the rest of the system. The self-
alignment algorithm is controlled by the router-board. The
router-board is connected to a microcontroller which is respon-
sible for the control of the rotation of the modules. It operates
the motors and reads the sensor values controlling the rotation
from the top three layers. The router-board is equipped with
two WLAN modules one is configured to operate at 2.4 GHz
and used for connecting end user terminals. The second one
is configured to operate in the 5 GHz range and is used for
the self-alignment algorithm of remote WGWs.

Additionally the Communication Field Relay (COFR) is
connected to the WGW and positioned at the foot of the pole
on which the WGW is mounted. The COFR allows to connect
wired end devices to the communication infrastructure and
gives the possibility to provide internet uplink to the network
(e. g. via WiMAX, Ethernet, satellite, 3G, etc.).

More details on the WGW and the COFR can be found in
[1].

III. SIMULATION AND SUPPORT

The following section describes the possibilities of the
Reachability Optimized Positioning (ROP) subsystem of
IDIRA. By using a Web based interface the commanding
personnel is able to get a map and an overview where to deploy
and install the WGW. ROP supports the early responder team
to identify the best suited place to setup a broadband wireless
communication infrastructure. To provide this information it is
necessary within ROP to calculate the radio signal propagation
based on the available digital surface model of the operational
area. An IDIRA extension of the open source tool SPLAT!
[12] in the version 1.4 is used to calculate the radio signal
propagation for the operational area in a resolution 1/10 of an
arc second.

Fig. 2: IDIRA SPLAT! simulation result

A. Signal Propagation Calculation using SPLAT!

ROP supports the commanding personnel to deploy wireless
communication infrastructure. To find the appropriate places
and areas the commanding personnel setup and start a signal
propagation calculation for the operational area. The result of
the calculation is a picture of the signal propagation simulation
shown in Figure 2. The visualization of the ROP results can
be performed on a map of the operational area. Based on the
simulation and the map the commanding personnel will be
guided where to establish the WGWs.

The calculation of the signal propagation is executed by the
IDIRA extended SPLAT! tool. SPLAT!, as described, provides
radio signal propagation and loss and terrain analysis tools
for the electromagnetic spectrum between 20 MHz and 20
GHz. The SPLAT! calculation is based on the Longley-Rice
Irregular Terrain [13] as well as the new Irregular Terrain with
Obstructions (ITWOM v3.0) [14] model. Based on the antenna
height it is possible to establish line-of-sight communication
paths and Fresnel Zone clearances absent of obstructions due
to terrain.

B. IDIRA SPLAT! Extension

Originally SPLAT! provides site engineering data to know
obstructions based on the U.S. Geological Survey and Space
Shuttle Radar Topography Mission [15] elevation data. This
data is available with a resolution of 1 arc second (for parts
of the world) and with a resolution of 3 arc second for the
rest of the world. More detailed geographic data cannot be
handled by SPLAT!. The IDIRA SPLAT! extension is able
to handle digital surface model in a resolution of 1/10 of an
arc second which is in the middle of Europe approximately
3 m. Based to the digital surface model of 1/10 of an arc
second it gives the first responders an adequate simulation
result where to establish the WGW to have a guaranteed
communication channel. It also provides further information to
experts where to put the WGW if the communication network
should overstretch a bigger area.

C. Radio signal coverage

As described above Figure 2 shows the output of a radio
propagation simulation with the IDIRA extended SPLAT!
based on the digital surface model. The white section in the cir-
cle indicates an area where it is possible to deploy the WGWs
and to establish a communication channel automatically. The
red or dark grey area indicates that it is not possible to establish
a communication infrastructure due to obstacles between the
directional antennas. In the middle of the circle the green or
light grey area gives the commander the information that it is
possible to support mobile equipment for communication in
the incident area.

D. Validation of the radio propagation simulation

Based on a simulation of an area in the north of Salzburg,
shown in Figure 3, fourteen places were defined to validate
the possibility to establish a communication channel fully
automatically (Point 1 – Point 14). In a real world field test
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the WGWs were deployed at the fourteen locations. After
the WGWs were deployed the system tries automatically
to establish a communication channel. The results of the
automatic establishment were:

• WGWs placed on areas indicating a good signal noise
rate, green and yellow areas (light grey), the communi-
cation channel setup was successful: yellow points. (Point
2,4,5,9,12,13)

• WGWs placed in red or grey areas the automatic
communication channel setup fails: red points (Point
1,3,6,7,8,10,11,14).

One of the main goals of the IDIRA ROP was a 100%
support for the first responders to find the appropriate places
where they need no technical support to configure the com-
munication infrastructure. This example field trial with 14
locations shows that the simulation model provides correct
estimations. Besides that, the simulation model has proven
to be correct during different field trials (trainings, small
exercises, large scale exercises) of the IDIRA Project.

IV. IDIRA COMMON OPERATIONAL PICTURE

The standalone simulation and visualization of ROP results
has few benefits, as the decisions for the communication
network are isolated from tactical disaster needs. Thus here
we introduce the IDIRA Common Operational Picture (COP)
application integrated in the IDIRA Mobile Integrated Com-
mand and Control Structure (MICS). The COP is the main
visualization and human interaction interface of the MICS.
It visualizes disaster related information and provides the
possibility to add incidents, assign tasks or post observations.
The MICS is the main part of the IDIRA infrastructure in the
case of a large scale disaster. It supports the different early
responders with the exchange of related information about the
disaster. The MICS provides a whole range of interfaces to
exchange information and works as an information hub for all
disaster related information and can be brought on site.

To have access to the MICS services it becomes more
important to offer broadband communication access to the
relief forces in the operational area, allowing them to provide

Fig. 3: Simulation validation in the base area

information and access the COP to be better aware of the
actual situation.

To exchange information within the commanders and dif-
ferent relief forces in the operational area it is necessary to
expand the communication infrastructure to these areas. Beside
the disaster related information exchange, COP is able to
support the commanding personnel and the relief forces on-
scene to establish a secure, flexible and broadband wireless
communication infrastructure based on the WGWs by showing
the results of the ROP subsystem.

A vehement challenge to setup a broadband and secure
communication infrastructure is not only to design a technical
infrastructure and hardware for communication but also to
improve the acceptance of the system by the first responders.
Since the commanding personnel and relief forces are no IT
or communication experts, special attention is paid on the
usability aspects of the IDIRA systems design and the IDIRA
system requirements.

The Reachability Optimized Positioning subsystem of
IDIRA allows to visualize radio propagation results as de-
scribed in Section III. If the communication network coverage
is visualized together with disaster related information within
the COP this brings great benefits on the situational awareness
and the decision process for commanders in disaster manage-
ment. As this would allow that the field commanders choose
their optimal position based on operational needs as well as
based on communication needs as the common visualization
provides details on both information categories. This knowl-
edge mapped together allows an optimal positioning of field
commanders to be on the one hand able to provide information
to/from the MICS and being able to cope with the operational
needs on site.

The propagation simulation visualization in COP together
with the WGWs ensures that positioning and installation of
a communication infrastructure by first responders is an easy
task and does not block many resources of first responders.

V. IDIRA ROP VALIDATION

This section shows an on-scene (field trial) using the IDIRA
MICS and COP together with the Reachability Optimized
Positioning (ROP) subsystem. It should show that the IDIRA
framework supports the commanding personnel and the relief
forces to establish a communication infrastructure within the
operational area. The intention is to demonstrate that by visu-
alizing ROP results together with disaster relevant information
within the COP it is possible to choose the position of field
commanders such that on the one hand the communication
need can be fulfilled and on the other hand the operational
needs in the disaster are fulfilled.

A. Validation scenario

The starting point in this validation scenario is a large
scale disaster in a test area in the north of Salzburg. The
scenarios for the validation were debris flows and the danger
of landslides after extreme rain conditions. As a consequence
of the disaster the public communication infrastructure was
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destroyed and it was not able to receive or send information
about the impact of the disaster using the public communica-
tion infrastructure. Figure 4 shows the disaster area with four
different incident areas (A-D). The IDIRA framework supports
the first responders to establish a communication infrastructure
by using the WGWs without knowledge about the topology
and the particular surrounding of the incident areas.

B. Usage of the IDIRA framework

Using the IDIRA framework the commanding personnel
is able to gather the already available information about the
different incident areas. The information was added to the map
and the commander determines a location for the IDIRA MICS
which is deployed somewhere on-site. After fixing a position
of the MICS which is mainly driven by tactical needs and
based on the information of the incident areas the commanding
personnel start a first simulation of the radio propagation
coverage of the installed WGW at the MICS location. Figure
5 shows the result of the radio propagation together with the
incident areas. It shows that at specific parts of incident area
A it is possible to establish a direct communication channel.
Consequently the WGW for incident area A is located at a
specific position which is reachable from the MICS and fulfills
the tactical needs of the field commander on-site. A direct
communication channel from MICS to incident area B, C and
D is not possible. As a WGW will be installed at the defined
location within incident area A a simulation for this position
will be performed. The results of the simulation at incident
area A (Figure 6) shows that it is possible to establish a
connection to incident area B.

As areas C and D cannot be reached, the commander
decides to install a relay WGW (R1) at the border of the
automatic alignment coverage and start a simulation for this
location. The relay WGW R1 was able to span a wireless
communication channel to the incident area C as shown in
Figure 7.

As a WGW will be installed at the defined location within
incident area C a simulation is started for this position. The
result of the simulation at incident area C (Figure 8) shows

Fig. 4: Incident areas

that it is possible to establish a communication channel to
incident area D via C.

This scenario has been used in real world training and has
shown the benefit of using ROP for deciding where to place the
communication nodes for a disaster area. During the exercise
the simulation has been performed. The positions of the field
commanders have been chosen based on tactical needs and on
the simulation results. Further the network has been setup by
the first responders by installing the WGWs at the simulated
positions and the links where established automatically. The
communication needs of the first responders at incident areas
A,B,C and D could be fulfilled. The needed information
between the commanders at the incident areas and the tactical
commanders at the MICS has been exchanged by the WGW
network.

C. Improvements

During several IDIRA meetings and field trials interviews
with the first responders organizations were realized. The main
goal of the interviews was to know how we can extend and
enhance the simulation tool for a better support. Based on
the interviews we identify three main improvements: i) the
duration of the simulation (which right now lasts about 40
minutes), ii) support for different radio frequency range for
different radio technologies and iii) the system should propose
the areas where it is possible to setup a relay communication
node.

VI. CONCLUSION AND OUTLOOK

This paper presents an accurate simulation model for sup-
porting the setup of and independent communication network
for first responders. The network itself is based on so called
Wireless Gateways. The simulation model is based on a digital
elevation and a digital surface model with a resolution of
1/10 of an arc second. The results of the model are presented
together with tactical information in one GIS system called
Common Operational Picture. Showing the coverage of the
communication network together with tactical information
allows more appropriate decisions to be taken by the com-
manders.

An evaluation performed with a real installation showed
that the model is accurate. The real usage of the system
during training with first responder organizations showed the
real value of the system when there is the need for tactical
decisions taking into account communication needs.

For the future it is planned to speed up the simulation by
performing multiple simulations in parallel and matching the
results together. Further the framework should be extended
such that it is configurable to allow using different frequencies
and different communication technologies.
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Fig. 5: IDIRA MICS coverage

Fig. 6: Incident Area A Coverage

Fig. 7: Communication Relay R1 coverage

Fig. 8: Incident Area C Coverage
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