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Conecta2: An Android App for Communication
between Disaster Survivors through an ad hoc
Network

Conecta2: una aplicacion en Android para la comunicacion
entre sobrevivientes de desastres a través de una red ad hoc

Maria del Pilar Salamanca‘”'!, Elio H. Cables'”?, and Juan Camilo Ramirez >3

ABSTRACT

Natural and man-made disasters often render network infrastructure inoperative, severely hampering communication between
rescue workers and survivors. While smartphone-based ad hoc networks are frequently proposed as a solution, the implementation
of mobile applications optimized for disaster scenarios remains a challenge. This study aims to address this gap by developing
Conecta2, a prototype Android application for communication in post-disaster situations. The application establishes an ad hoc
network using Wi-Fi Direct or Bluetooth in order to enable communication between nearby smartphones without relying on regular
network infrastructure. Conecta2 allows users to transmit text, photos, and audio, as well as to estimate the location of nearby
devices running the same software. Experimental tests were conducted to evaluate the performance of the application in simulated
disaster scenarios. Results demonstrate that Conecta2 effectively facilitates communication between smartphones in situations
analogous to disaster aftermath. The ability of the application to locate survivors via their smartphones also aids search and rescue
efforts. In conclusion, Conecta2 offers a viable communication alternative for post-disaster scenarios, potentially improving the
effectiveness of disaster response and survivor location efforts.
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RESUMEN

Los desastres naturales y provocados por el hombre a menudo dejan inoperante la infraestructura de red, lo que dificulta gravemente
la comunicacion entre los trabajadores de rescate y los sobrevivientes. Si bien las redes ad hoc basadas en teléfonos inteligentes se
proponen con frecuencia como una solucion, la implementacion de aplicaciones moviles optimizadas para escenarios de desastre
sigue siendo un desaffo. Este estudio tiene como objetivo abordar esta brecha mediante el desarrollo de Conecta2, un prototipo
de aplicacién Android para la comunicacion en situaciones posteriores a un desastre. La aplicacion establece una red ad hoc
utilizando Wi-Fi Direct o Bluetooth, en aras de permitir la comunicacion entre teléfonos inteligentes cercanos sin depender de
la infraestructura de red regular. Conecta2 permite a los usuarios transmitir texto, fotos y audio, asf como estimar la ubicacion
de dispositivos cercanos que ejecutan el mismo software. Se realizaron pruebas experimentales para evaluar el rendimiento de
la aplicacion en escenarios de desastre simulados. Los resultados demuestran que Conecta? facilita eficazmente la comunicacion
entre teléfonos inteligentes en situaciones analogas a las posteriores a un desastre. La capacidad de la aplicacion para localizar
sobrevivientes a través de sus teléfonos inteligentes también ayuda en los esfuerzos de busqueda y rescate. En conclusion,
Conecta2 ofrece una alternativa de comunicacion viable para escenarios post-desastre, mejorando potencialmente la efectividad
de la respuesta al desastre y los esfuerzos de localizacion de sobrevivientes.

Palabras clave: comunicacion peer-to-peer, Wi-Fi Direct, Bluetooth, comunicacion de emergencia, gestion de desastres

Received: August 21st 2023
Accepted: December 5th 2024
Introduction the probability of finding survivors decreases considerably

. . thereafter [7, 8].
Reduced network connectivity due to infrastructure damage ereafter [7, 8]

caused by natural disasters hinders communication between ~ Smartphone-based ad hoc networks are commonly explored

victims and rescue crew members. The main driver of this
issue is the static nature of the cellular network, which
makes communication efforts vulnerable to this type of
emergency. Examples of this include the Turkey-Syria
earthquake in 2023, with many survivors found by rescue
services several days after the incident [1, 2]; the massive
destruction of infrastructure reported in the aftermath of
the 2011 earthquake in Japan [3, 4]; the cellular networks
rendered inoperative by massive floods during Hurricane
Sandy in 2012 [5]; and the network collapse observed after
the Haiti earthquake in 2010 [6]. Among the most crucial
issues faced by disaster response efforts, communication
constraints have been reported, a problem that is especially
critical during the first 72 hours following the catastrophe, as

as a solution to this problem [8, 9, 10, 11], given the ubiquity
and extended use of these mobile devices among the
general public [12]. Consequently various paradigms have
emerged for the configuration of such ad hoc networks, with
varying degrees of applicability depending on the scenario
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[13, 14]. Even though Bluetooth was initially used for this
purpose, the use of Wi-Fi Direct technology has gained
momentum in the implementation of ad hoc networks for
disaster scenarios, as this standard has become the de facto
technology for communication between modern devices
[13, 14]. Furthermore, when using this standard, power
consumption derived from data transfer is notoriously lower
than that of the cellular network [8], which makes Wi-Fi
Direct more desirable in emergency situations with seriously
limited power supply. This approach also has challenges,
however, given that both Wi-Fi Direct and Bluetooth only
enable communication between devices in close proximity
of each other, with the coverage of the latter being reportedly
shorter.

Regardless of the technology in use, interoperability, i.e.,
any software’s ability to operate correctly in devices from
different manufacturers, is a crucial ingredient for any
integral application of ad hoc networks in disaster scenarios.
Nevertheless, this feature remains limited, given the existing
variety of paradigms for these networks. Furthermore,
research on this topic has mainly focused on simulated
scenarios, rather than on real implementations. Moreover,
traditional approaches to implementing these networks
frequently rely on gaining root access to the device, which
most manufacturers disable by default due to security
concerns, making solutions non-portable [15, 16].

This article presents Conecta2, a prototype application
for Android that allows for communication between the
devices where it is installed, in the absence of network
infrastructure. The application offers both group and one-to-
one communication through the automated configuration of
an emergency ad hoc network, using either Wi-Fi Direct or
Bluetooth. Conecta2 also includes a module to locate nearby
smartphones, provides a snapshot of the current layout of
such devices, and it is characterized by an easy-to-use user
interface, guaranteeing that a user without technical skills
can employ it without inconvenience. Conecta2 has been
successfully tested in devices with Android versions 10.0 and
11.0 and should nevertheless run smoothly in smartphones
with versions 5.0 and above.

The contributions of this article are as follows:

e A prototype application for Android named Conecta2,
which allows any survivor to collaborate with or
request aid from other connected users (survivors
or rescue personnel). The most remarkable features
of Conecta2 are its simple user interface and the
possibility of using either Wi-Fi Direct or Bluetooth
to connect with nearby smartphones.

o A performance evaluation of the application modules,
aimed at characterizing the coverage of the networks
deployed with each communication technology. Such
characterization is based on field measurements taken
from real scenarios with and without obstacles.

This paper is organized as follows. The next section
summarizes recent works on mobile applications based
on the analyzed technologies, which have been designed
to allow survivors to communicate in the aftermath of
a disaster. Then, the three modules of Conecta2 are
described: Group communication (based on Bluetooth
technology), One-to-one communication (based on Wi-Fi
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Direct), and Device location (based on Wi-Fi Direct and
Global Positioning System (GPS) technology. Thereafter,
the results (based on field measurements) regarding the
network performance of Conecta2 are presented, as well
as the conclusions of this work.

Related work

The use of Wi-Fi Direct and Bluetooth for the automated
configuration of ad hoc networks, including their use in
disaster scenarios, is not new and is featured in several
proposals.  However, most of the scientific literature
in this regard focuses on the design of new protocols,
topologies, paradigms, and technologies, while significantly
fewer studies aim specifically at the development of mobile
applications as a solution to the problem of communication
between survivors following a natural disaster. Furthermore,
the use of Bluetooth is remarkably less frequent than that
of Wi-Fi Direct, possibly due to the fact that the coverage
of the latter has been reported to greatly exceed that of
the former. In the literature, the performance of proposals
with both technologies is generally evaluated in terms of
various metrics. However, the most critical and frequently
considered are the message delivery rate and the associated
energy consumption efficiency. The former is clearly
fundamental, since it directly addresses the main problem
at hand, and the latter is also crucial, given that survivors’
access to power sources following a natural disaster is likely
to be seriously limited due to infrastructure damage. This
evaluation is generally conducted through simulations or
field experiments, and sometimes using a combination of
the two. The use of Bluetooth in the development of mobile
apps for emergency ad hoc networks is notably lower than
that of Wi-Fi Direct, especially in the literature published
within the last five years (as of October 2024), probably
due to the former’s reportedly reduced range, which makes
it less attractive in this context. This may be the reason
why the most recently published studies investigating the
applicability of mobile ad hoc networks using Bluetooth in
disaster situations generally do so in combination with Wi-Fi
Direct or other technologies [15, 16, 14, 13].

Even though there is a diversity of messaging applications
for Android that offer offline communication through either
Wi-Fi Direct or Bluetooth (or both) without the need for
conventional network coverage, many of these have been
designed to serve purposes other than aiding the location
and rescue of survivors after a natural disaster. Applications
such as Bridgefy* and Serval Mesh have been developed
as alternatives to conventional messaging services, e.g.,
WhatsApp and Facebook Messenger, when Internet
connectivity is unavailable. Other applications have been
designed primarily to address privacy concerns, especially
those encountered by individuals facing persecution, such as
journalists and activists. One example of such applications
is Briar, which encrypts and syncs messages between users
via Wi-Fi Direct and Bluetooth, as well as through the Tor
network® when an Internet connection is available, in order
to deliver messages to a wider range. It deliberately lacks

*Bridgefy (https://bridgefy.me).

*Serval Mesh (https://www.servalproject.org)).
¥Briar (https://briarproject.org).

STor (https://www.torproject.org).
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https://www.torproject.org

a central server, delegating all authentication and storage
tasks to each device running the software.

BeWare is an Android application developed to establish
an emergency ad hoc network between smartphones using
both Wi-Fi Direct and Wi-Fi legacy, the latter for multi-
hop communication between groups formed by the former
[17]. An evaluation was conducted in an indoor space
using mobile nodes, each corresponding to one model from
various manufacturers, i.e., Samsung Galaxy S7, Samsung
Galaxy S5, Xperia Z2, and Huawei P8. Performance
was evaluated using Android Profiler’ for measuring both
network and energy efficiency, Android Debug Bridge! to
assess packet loss, and Android Studio IDE** to measure
the time required by the app to form/update groups and
deliver messages between nodes. These experiments
show, among other results, that group forming times
increase with the number of nodes involved, and that
the most critical performance metrics achieved by BeWare
exceed those of previous related solutions found in the
literature.  Nevertheless, the authors acknowledge that
further experimental work in more realistic scenarios is
needed, particularly with the inclusion of obstacles, in order
to more thoroughly assess the usability of the app in real life
situations.

In addition to the above-presented approaches, various
proposals can be found in the literature which seek to
improve the protocols and algorithms involved in the
automated configuration of ad hoc networks in a variety
of situations, not only disaster scenarios, although they do
not necessarily contemplate the development of a mobile
app designed for the average user. [18], for instance,
propose a novel method for the configuration of a multi-
hop ad hoc network that first divides the disaster area
into hexagonal virtual cells and then enables the formation
of various Wi-Fi Direct groups in each cell. Each group
exists for a limited period of time, after which the cells
are reallocated and new groups are formed, thus allowing
each node to change its membership from one group to
another and relay information from the former to the latter.
A preliminary evaluation was conducted by the authors via
simulations, showcasing the system'’s effective information
dissemination. Yet, the authors acknowledge that further
experimental work is required, especially involving the
evaluation of the information diffusion model and its
performance in a realistic scenario. It is worth adding that
this system is preliminary and not based on a single mobile
app that an average user can use without technical expertise.
In the same vein, COPE is a recently proposed scheme
(not a mobile app) designed to provide an emergency
communications channel for disaster survivors through the
integration of various network technologies, including Wi-Fi
Direct and Bluetooth, each representing a layer in a multi-
tier architecture. In this scheme, devices are grouped by tier
and thus by their corresponding coverage range and energy
consumption. Additionally, the scheme contemplates the
use of drones to complement communication efforts by
scanning the area and relaying messages among nodes that
are mutually out of range [19]. This approach was evaluated
via simulations, showing effective message transmission
between nodes in various disaster scenarios through self-
organizing routing by the drones while optimizing energy
consumption by the connected devices. Each simulation
was executed 10 times, and the performance metrics
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Figure 1. Architecture of Conecta2
Source: Authors

(namely energy management efficiency and message relay
efficacy) were averaged over all repetitions. No field
experiments were conducted. Despite these positive results,
this approach does not involve a single app that can
be installed and used by an average user, and it relies
strongly on the use of drones in order to achieve optimal
communication.

Other initiatives using either Wi-Fi Direct or Bluetooth
include the use of drones for the configuration of the ad hoc
network [20], novel protocols [21], methods for enhanced
connectivity [17], new algorithms for improved energy
management, new mobility models, the use of Bluetooth
Mesh to enable communication with household devices
[22], and other similar proposals aimed mostly at optimizing
Wi-Fi Direct or Bluetooth applications [23, 24]. In the case of
Bluetooth, similar attempts have been made at establishing
ad hoc networks for disaster scenarios, albeit without the
development of a mobile app that includes the use of novel
protocols and topologies using Bluetooth Low Energy [25].

Description of Conecta2

Conecta? is the first prototype of an ad hoc network-based
emergency messaging application for Android smartphones
that comprises three modules: a group communication
module, a one-to-one communication module, and a
module to locate nearby smartphones, which was developed
using the architecture displayed in Fig. 1 and publicly
accessible community libraries®S. The first time Conecta2 is
opened, the application asks the user for a device name that
will identify the smartphone in the network. Once the user
enters the requested information, the application switches
to the main screen, illustrated in Fig. 2, where the user
may choose one of the three available modules. These are
described below.

Module 1: group communication

This Bluetooth-based module allows for group communica-
tion with nearby devices, i.e., any message sent by a user
will be delivered to all the users connected to the same
group. When a user taps on the Group Communication
button (Fig. 2), the application shows two options: Create
Group and Find an Existing Group (Fig. 3a). If the first option
is selected, the application creates a new Bluetooth group

TAndroid Profiler (https://developer.android.com/studio/profile/android-
profiler).

IADB Shell (https://adbshell.com/).

**Android Studio IDE (https://developer.android.com/studio).
*BlueChat (https://github.com/alexkang/blue-chat).

HDirect Chat (https://github.com/0xSG/DirectChat).
$Sandroid-wifi-direct-chat-app (https://github.com/blackchalk/android-
wifi-direct-chat-app).
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Figure 2. Main screen of Conecta2
Source: Authors
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Figure 3. An example conversation between two devices, named
Device 2 and Device 3, through the Bluetooth-based group

communication module of Conecta2
Source: Authors

and waits for nearby users to join. If the second option
is selected instead, the application starts searching for an
existing group; when it is found, the joining smartphone
issues a request to pair with any other device already in
the group. The incoming smartphone joins the group if the
pairing request is accepted by both devices. When no group
is not found, the application informs the user that there are
no nearby groups and that it will return to the main menu of
the Bluetooth-based module (Fig. 3a), so that the user can
create a new group. Whether the user decides to create a
group or join an existing one, the application switches to the
chat screen shown in Fig. 3b. The messages aligned to the
right correspond to those sent from the current smartphone,
while the received messages are aligned to the left. In this
screen, a user can send text messages by typing in the blank
space located in the bottom line. In addition, the user
can tap on the microphone icon to send voice messages
or touch the camera icon to send photos to the group.
Even though the current prototype’s group communication
module was developed using only Bluetooth for simplicity in
its implementation, future versions are planned which also
incorporate Wi-Fi Direct.

Module 2: one-to-one communication

This Wi-Fi Direct-based module was conceived to only allow
for communication between any two users, in contrast to
group communication. The module is activated when the
One-to-One Communication button is tapped in the app’s
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Figure 4. An example conversation between two devices, named
Device 2 and Device 3, through the Wi-Fi Direct-based one-to-one
communication module of Conecta2. When the module is opened, a
list of nearby devices is shown, from which the user can choose any to

communicate with.
Source: Authors

Figure 5. Device location module
Source: Authors

main screen (Fig. 2). In the first screen of the module, shown
in Fig. 4a, a list of nearby devices can be obtained by sliding
the finger from top to bottom, after which the user can tap
on the name of any of the devices listed in order to start a
conversation.

Upon selecting a device from the list, the application will
show a connection request message in the screen of the
selected device. If this incoming connection is accepted,
one device will take the role of GO and the other will
be the client. Then, the application on both devices will
switch to the Wi-Fi Direct-based chat, as illustrated in Fig.4b.
Text and audio messages, as well as photos, can be sent
from this screen, similarly to the group communication
chat. Nonetheless, this screen has an additional feature:
the sending user receives confirmation of whether a sent
message was delivered to and read by the receiving user.

Module 3: location of nearby smartphones

This module allows the user to search for nearby
smartphones where the application is installed and estimate
their location through Android’s Network Service Discovery
(NSD), advantageously bypassing the need for pairing
between devices. Several seconds after tapping on the
Location of Nearby Smartphones button of the main screen
(Fig. 2), an image similar to that shown in Fig. 5 is displayed.
The module shows the current smartphone (identified by the
word Me) as well as nearby devices on the map, based on
geographical coordinates exchanged via Wi-Fi Direct. The
layout of nearby devices reflects their location at a given
time, and it can be refreshed by touching the Refresh List
button. Since this module needs to start the GPS to read



the coordinates and send them to nearby devices, energy
consumption is increased while it is active, so it should be
used carefully to avoid battery drain.

Performance evaluation

The performance of Conecta2 was experimentally evaluated
in various scenarios, both with and without obstacles,
in order to determine the maximum network coverage
achieved when using Wi-Fi Direct or Bluetooth, i.e.,
the group and one-to-one communication modules,
respectively. All these experiments were conducted with
the conditions listed below.

e Data transmission attempts were repeatedly made
between two Android devices running Conecta2 as
the distance between them increased by either 10 m
(without obstacles) or 5 m (with obstacles), until no
communication was possible (i.e., when data were not
transmitted or when the devices failed to establish a
piconet or a P2P group), or until 100 m were reached.

e At each distance, 10 texts were sent (with 20
characters each), then 10 audios (5 s each), and,
finally, 10 photos.

e At each distance, all transmission attempts were
conducted first through the group communication
module (i.e., Wi-Fi Direct) and then through the one-
to-one communication module (i.e., Bluetooth).

e The number of successfully delivered messages, out
of the 10 attempts at each distance and with each
module, was recorded.

The experiments without obstacles, carried out at the
location shown in Fig. 6 and using smartphones with the
characteristics listed in Table 1, can be summarized as
follows.

Two users, each one with a smartphone running Conecta2,
were placed one in front of the other, without objects
between them to ensure a direct line of sight. The initial
separation between the users was 10 m, and this distance
was gradually increased in 10 m intervals. In the first
set of experiments, either a piconet or a P2P group was
formed when the devices were 10 m apart. Then, after
group formation, the distance between smartphones was
increased as previously described. Ateach distance, text and
voice messages, as well as photographs, were exchanged
between devices. The results obtained for the one-to-one
and group communication modules are listed in Tables 2 and
3, respectively, the latter of which includes measurements
at a maximum separation of 50 m between the two devices,
since communication was not possible at longer distances.
At various distances between the two smartphones, e.g.,
at 30, 60, 90, and 100 m, communication with both
modules was occasionally lost while conducting the tests
and needed to be reestablished in order to continue the
experiment. In one exceptional case, at 30 m, one of the
photos appeared to have been partially delivered to the
receiving device. More specifically, communication through
the group module was lost and unrecoverable at distances
longer than 50 m, and an analogous situation was observed
with the one-to-one module when the devices were more
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Figure 6. Location where the experiments without obstacles were
conducted
Source: Authors

than 100 m apart. Nevertheless, both modules exhibited
high message transmission rates at all the distances shown
in Tables 2 and 3. At a maximum distance of 100 m, all text
and audio messages, as well as 80% of the photos, were
successfully transmitted via the one-to-one communication
module. On the other hand, at a maximum distance of 50
m, all text and audio messages, as well as 60% of the photos,
were successfully transmitted via the group communication
module. However, in both cases, at greater distances, group
formation and pairing were impossible. Therefore, only the
distances shown in Table 2 and Table 3 are reported.

On the other hand, the experiments with obstacles were
carried out inside a building with the layout illustrated in
Fig. 7. The same smartphones were used, with the devices
placed in different rooms, separated by brick walls and metal
doors, while increasing the distance between them in 5 m
intervals. The results obtained for the one-to-one and the
group communication modules are listed in Tables 4 and 5,
respectively. During these experiments, the communication
between the two devices was sporadically lost and needed to
be restarted in order to continue. In some cases, messages
were received in an order that was different from that in
which they had been originally sent. These experiments
made it evident that the presence of obstacles, specifically
brick walls, notably attenuate the signal. It was observed
that, when sending text messages, communication through
Wi-Fi Direct was possible with a separation of up to 35 m
between sender and receiver, with losses of 60%, whereas
Bluetooth allowed for successful transmission at distances
of up to 45 m and without data loss. However, this is
different when larger messages are sent. Audio message
transmission starts to fail at distances equal to or longer
than 25 m when using Bluetooth (80% loss rate), while Wi-
Fi Direct is successful at distances of up to 35 m (40% loss
rate). Greater distances result in loss rates of 100% in both
modes. The situation becomes more critical with photo
message transmission, which was observed to be limited
to 15 m while using Bluetooth and 35 m while using Wi-Fi
Direct, exhibiting a 60% loss rate in both cases. Even though
we expected the delivery of photos and audio messages
through Bluetooth to be more challenging due to its reported
lower transmission rate in comparison with Wi-Fi Direct, it
is noteworthy that Bluetooth was observed to have a greater
range when sending small text messages. All transmission
attempts at distances longer than those listed in Tables 4
and 5 were unsuccessful.

Discussion

Conecta2, an Android application designed for post-disaster
communication, presents a compelling case for utilizing
ad hoc networks to bridge communication gaps when
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Figure 7. Layout of the building where the experiments with obstacles were conducted. A single floor of the building was used, with 12 adjacent
spaces or rooms separated by brick walls. One device was placed at point A, and transmission tests were conducted with a second device in the
other rooms, at the locations indicated by the other points.

Source: Authors

Table 1. Specifications of the smartphones used in the performance evaluation experiments
Source: Authors

Brand Model Android version Bluetooth version
Xiaomi Redmi Note 9 10 4.2
Oppo A16 11 4.2

Table 2. Successful message delivery rates (with 0 being the lowest value and 1 the highest) between two Android devices running Conecta2
through the one-to-one communication module (i.e., Wi-Fi Direct) for each data type at various distances without obstacles
Source: Authors

Distance between devices (m) 10 20 30 40 50 60 70 80 90 100
Text (20 characters) 1 1 1 1 1 1 1 1 1 1
Audio (5 s) 1 1 1 0.9 1 0.9 1 1 1 1
Photos 1 1 1 1 1 1 1 1 1 0.8

Table 3. Successful message delivery rates (with 0 being the lowest value and 1 the highest) between two Android devices running Conecta2
through through the group communication module (i.e., Bluetooth) for each data type at various distances without obstacles
Source: Authors

Distance between devices (m) 10 20 30 40 50
Text (20 characters) 1 1 1 1 1
Audio (5 s) 1 1 1 0.9 1
Photos 1 1 0.9 1 0.6

Table 4. Successful message delivery rates (with 0 being the lowest value and 1 the highest) between two Android devices running Conecta2
through the one-to-one Communication module (i.e., Wi-Fi Direct) for each data type at various distances with obstacles
Source: Authors

Distance between devices (m) 5 10 15 20 25 30 35

Text (20 characters) 1 1 1 0.9 0.7 0.3 0,4
Audio (5 s) 0.9 1 1 1 1 0.9 0,6
Photos 1 1 1 0.8 0.9 0.7 0.4

Table 5. Successful message delivery rates (with 0 being the lowest value and 1 the highest) between two Android devices running Conecta2
through the group communication module (i.e., Bluetooth) for each data type at various distances with obstacles
Source: Authors

Distance between devices (m) 5 10 15 20 25 30 35 40 45
Text (20 characters) 1 1 1 1 1 0.7 1 1 1
Audio (5 s) 1 1 1 1 0.2 0 0 0 0
Photos 1 1 1 0 0 0 0 0 0
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traditional infrastructure fails. This study’s findings resonate
with recent research, highlighting the increasing importance
of alternative communication solutions in disaster scenarios.
For instance, the work by [9] underscores the potential
of LoRa-based device-to-device communication in crisis
scenarios, aligning with Conecta2’s goal of enabling
communication without relying on conventional network
infrastructure.  Similarly, the research presented by [10]
on building dynamic multi-hop Wi-Fi Direct networks for
Android smartphones complements this study’s exploration
of Wi-Fi Direct technology for emergency communication.

Conecta2’s emphasis on a user-friendly interface directly
addresses a critical gap identified in the related literature.
While many studies focus on optimizing protocols and
algorithms for ad hoc networks, Conecta2 prioritizes
usability and accessibility for individuals without technical
expertise.  This focus on user experience aligns with
the findings of [11], who emphasize the importance of
effective application distribution systems for internet-less
communication during disasters.

Furthermore, Conecta2’s device location module offers
a unique functionality that is often absent in other ad
hoc communication solutions: the ability to estimate the
location of nearby devices provides a crucial advantage
in search and rescue efforts, directly contributing to the
efficient location and assistance of survivors. This feature
sets Conecta2 apart from applications like Bridgefy, Serval
Mesh, and Briar, which primarily focus on privacy and
general offline messaging, rather than on post-disaster
communication and survivor location.

The comprehensive performance evaluation conducted in
this study provides valuable insights into the practical
limitations and capabilities of Wi-Fi Direct and Bluetooth in
disaster-like conditions. The findings contribute to a deeper
understanding of the trade-off between range and energy
efficiency, as well as of the impact of obstacles on signal
strength and communication range. This research aligns
with the growing body of literature on the performance of
ad hoc networks in realistic scenarios, such as the work by
[16] on routing protocols for uynmanned aerial vehicle-aided
vehicular ad hoc networks.

Itis important to highlight that Conecta2’s development was
guided by a user-centered design approach, prioritizing the
needs and limitations of disaster survivors. This approach is
reflected in the application’s intuitive interface and versatile
functionalities, allowing users to easily connect with others,
share information, and estimate the location of nearby
devices. By prioritizing user experience, Conecta2 aims to
empower survivors and facilitate effective communication
and coordination during critical situations.

Conclusions

This research successfully addressed the critical need for
effective communication solutions in post-disaster scenarios
by developing and evaluating Conecta2, an Android
application that facilitates communication and survivor
location through ad hoc networks. The application’s user-
friendly interface, combined with its versatile use of both
Wi-Fi Direct and Bluetooth, provides a robust platform
for communication and coordination when traditional
infrastructure is compromised.

Salamanca, Cables, AND Ramfirez

Conecta2’s ability to establish an ad hoc network using either
Wi-Fi Direct or Bluetooth offers a crucial lifeline in disaster-
stricken areas, allowing survivors and first responders
to connect and coordinate rescue efforts. The device
location module further enhances the application’s value
by providing an estimate of the location of nearby devices,
facilitating search and rescue operations and potentially
saving lives.

While Conecta2 demonstrates significant potential for
improving disaster communication, it is essential to
acknowledge its limitations. The application’s performance
can be affected by environmental factors such as obstacles
and user density, which may impact signal strength and
communication range. Future research should focus on
addressing these limitations by exploring strategies for
optimizing the app’s performance in high-density scenarios
and mitigating the impact of obstacles on ad hoc network
performance.

The implications of Conecta2 extend beyond its technical
functionalities. By offering a resilient and efficient
communication pathway, the app can be seamlessly
integrated into disaster response strategies, particularly in
situations where traditional communication infrastructure is
compromised. Disasters such as earthquakes, hurricanes,
and floods often result in the disruption of cellular networks
and internet connectivity, leaving survivors and first
responders isolated and vulnerable. Conecta2’s ability to
establish an ad hoc network using Wi-Fi Direct or Bluetooth
provides a crucial lifeline under these circumstances,
enabling communication and coordination when it is needed
most.

In conclusion, Conecta2 has the potential to revolutionize
disaster communication by providing a reliable, user-
friendly, and adaptable platform for communication and
coordination. Its integration into disaster response
strategies could significantly improve the efficiency of rescue
efforts, ultimately leading to more lives saved and a more
resilient response to disaster situations. This research
underscores the potential for Conecta2 to be integrated
into existing disaster response strategies, potentially saving
lives and improving communication efficiency in critical
situations.

Declaration of competing interest

The authors declare that they have no significant
competing interests, including those financial, non-financial,
professional, or personal in nature, that interfere with the
full and objective presentation of the research documented
herein.

Funding

The authors would like to express their gratitude to
Universidad Antonio Narino' for the financial support
offered during the completion of this research (grant
2021021).

T Universidad Antonio Narino (http://www.uan.edu.co/).

INGENIER{A E INVESTIGACION vOL. 44 No. 3, DecemBer - 2024 7 OF 9


http://www.uan.edu.co/

CONECTA2: AN ANDROID APP FOR COMMUNICATION BETWEEN DISASTER SURVIVORS THROUGH AN ad hoC NETWORK

CRediT author statement

Salamanca:  conceptualization, methodology, software.

Cables: data curation. Ramfrez: writing (review and

editing).

References

[11 M. Naddaf, “Turkey-Syria earthquake: What
scientists know,” 2023. [Online]. Available: https:

[2]

[3]

[4]

[5]

(6]

[7]

[8]

[91

[10]

Msof9

//www.nature.com/articles/d41586-023-00373-x

F. Graham, “Daily briefing: The science
underlying the Turkey-Syria earthquake,” 2023.
[Online]. Available: https://www.nature.com/articles/
d41586-023-00373-x

B.-G. Son, S. Chae, and C. Kocabasoglu-Hillmer,
“Catastrophic supply chain disruptions and supply
network changes: A study of the 2011 Japanese earth-
quake,” Int. J. of Oper. Prod. Management, vol. 41,
pp. 781-804, 2021. https://www.emerald.com/insight/
content/doi/10.1108/ijopm-09-2020-0614/full/html.

E. Maly and A. Suppasri, “The Sendai framework
for disaster risk reduction at five: Lessons from the
2011 great East Japan earthquake and tsunami,” Int.
J. Disaster Risk Sci., vol. 11, pp. 167-178, 2020.
https://doi.org/10.1007/s13753-020-00268-9.

J. Xu and Y. Qiang, “Spatial assessment of community
resilience from 2012 hurricane Sandy using nighttime
light,” Rem. Sens>, vol. 13, p. 4128, 2021. http:
//dx.doi.org/10.3390/rs13204128.

M. K. C. Arnaouti, G. Cahill, M. D. Baird, L. Mangurat,
R. Harris, L. P. P. Edme, M. N. Joseph, T. Worlton,
S. A. Jr et al., “Medical disaster response: A critical
analysis of the 2010 Haiti earthquake,” Front. Pub.
Health, vol. 10, p. 995595, 2022. https://doi.org/10.
3389/fpubh.2022.995595.

B. Tang, Q. Chen, X. Liu, Z. Liu, Y. Liu, ). Dong, and
L. Zhang, “Rapid estimation of earthquake fatalities in
China using an empirical regression method,” Int. J.
Disaster Risk Red., vol. 41, p. 101306, 2019. https:
//doi.org/10.1016/j.ijdrr.2019.101306.

X. Su, K. Ming, X. Zhang, J. Liu, and D. Lei,
“Development of a targeted recommendation model
for earthquake risk prevention in the whole disaster
chain,” J. Inf. Process. Syst., vol. 17, pp. 14-27, 2021.
https://doi.org/10.3745/JIPS.04.0201.

J. Hochst, L. Baumgartner, F. Kuntke, A. Penning,
A. Sterz, and B. Freisleben, “Lora-based
device-to-device smartphone communication
for crisis scenarios,” in Proc. 17th Int.
Conf. Inf.  Syst.  Crisis Res.Manag.,  2020.
https://peasec.de/paper/2020/2020_HC3B6chstetal

LoRaDeviceSmartphoneCommunicationCrisisScenarios.
pdf.

I. M. Ahmed and H. M. Ali, “Building a dynamic multi-
hop wi-fi direct network for android smartphones,”
Solid State Tech., vol. 63, pp. 2193-2205, 2020.

INGENIERIA E INVESTIGACION voL. 44 No. 3, DecemBER - 2024

[11]

(12]

[13]

[14]

[15]

[16]

(17]

[18]

[19]

(20]

(21]

M. Fujimoto, S. Matsumoto, E. M. Trono, Y. Arakawa,
and K. Yasumoto, “Effective application distribution
system for Internet-less communication during
disasters,” Sens. Mater., vol. 32, pp. 79-95, 2020.
https://doi.org/10.18494/SAM.2020.2614.

StatCounter, “Mobile operating system market share
worldwide,” 2021. [Online]. Available: https://gs.
statcounter.com/os-market-share/mobile/worldwide

Z.A.Younis, A. M. Abdulazeez, S. R. M. Zeebaree, R. R.
Zebari, and D. Q. Zeebaree, “Mobile ad hoc network
in disaster area network scenario: A review on routing
protocols,” Int. J. Online Biomed. Eng., vol. 17, pp. 49—
75, 2021. https://doi.org/10.3991/ijoe.v17i03.16039.

Y. Jahir, M. Atiquzzaman, H. Refai, A. Paranjothi, and
P. G. LoPresti, “Routing protocols and architecture for
disaster area network: A survey,” Ad Hoc Net., vol. 82,
pp- 1-14, 2019. https://doi.org/10.1016/j.adhoc.2018.
08.005.

G. C. Deepak, A. Ladas, Y. A. Sambo, H. Pervaiz,
C. Politis, and M. A. Imran, “An overview of post-
disaster emergency communication systems in the
future networks,” IEEE Wireless Comm., vol. 26, pp.
132-139, 2019. https://doi.org/10.1109/MWC.2019.
1800467.

R. A. Nazib and S. Moh, “Routing protocols for
unmanned aerial vehicle-aided vehicular ad hoc
networks: A survey,” IEEE Access, vol. 8, pp. 77 535-
77560, 2020. https://doi.org/10.1109/ACCESS.2020.
2989790.

R. Alnashwan and H. Mokhtar, “Disaster management
system over wifi direct,” 2019, pp. 1-6. https://doi.org/
10.1109/CAIS.2019.8\protect\protect\leavevmode@
ifvmode\kern+.1667em\relax769\protect\protect\
leavevmode@ifvmode\kern+.1667em\relax460.

T. Furutani, Y. Kawamoto, H. Nishiyama, and N. Kato,
“A novel information diffusing method with virtual
cells based Wi-Fi direct in disaster area networks,”
2018, pp. 1-6. https://doi.org/10.1109/WCNC.2018.
8\protect\protect\leavevmode@ifvmode\kern+
.1667em\relax377\protect\protect\leavevmode@
ifvmode\kern+.1667em\relax148.

F. Mezghani and N. Mitton, “Opportunistic multi-
technology cooperative scheme and uav relaying for
network disaster recovery,” Information, vol. 11, p. 37,
2020. https://doi.org/10.3390/info11010037.

A. Reichman and S. Wayer, “Ad-hoc network
recovery after severe disaster,” 2019, pp. 1-
3. https://doi.org/10.1109/COMCAS44\protect)
protect\leavevmode@ifvmode\kern+.1667em\
relax984.2019.8\protect\protect\leavevmode@
ifvmode\kern+.1667em\relax958\protect\protect\
leavevmode@ifvmode\kern+.1667em\relax195.

S. D. Gupta, S. Choudhury, and R. Chaki, “Disaster
management system using vehicular ad hoc networks,”
in Advanced Computing and Systems for Security,
R. Chaki, A. Cortesi, K. Saeed, and N. Chaki, Eds.
Berlin, Germany: Springer, 2019, pp. 93-107. https:
//doi.org/10.1007/978--981--13--3702--4 6.


https://www.nature.com/articles/d41586-023-00373-x
https://www.nature.com/articles/d41586-023-00373-x
https://www.nature.com/articles/d41586-023-00373-x
https://www.nature.com/articles/d41586-023-00373-x
https://www.emerald.com/insight/content/doi/10.1108/ijopm-09-2020-0614/full/html
https://www.emerald.com/insight/content/doi/10.1108/ijopm-09-2020-0614/full/html
https://doi.org/10.1007/s13753-020-00268-9
http://dx.doi.org/10.3390/rs13204128
http://dx.doi.org/10.3390/rs13204128
https://doi.org/10.3389/fpubh.2022.995595
https://doi.org/10.3389/fpubh.2022.995595
https://doi.org/10.1016/j.ijdrr.2019.101306
https://doi.org/10.1016/j.ijdrr.2019.101306
https://doi.org/10.3745/JIPS.04.0201
https://peasec.de/paper/2020/2020_HC3B6chstetal_LoRaDeviceSmartphoneCommunicationCrisisScenarios.pdf
https://peasec.de/paper/2020/2020_HC3B6chstetal_LoRaDeviceSmartphoneCommunicationCrisisScenarios.pdf
https://peasec.de/paper/2020/2020_HC3B6chstetal_LoRaDeviceSmartphoneCommunicationCrisisScenarios.pdf
https://doi.org/10.18494/SAM.2020.2614
https://gs.statcounter.com/os-market-share/mobile/ worldwide
https://gs.statcounter.com/os-market-share/mobile/ worldwide
https://doi.org/10.3991/ijoe.v17i03.16039
https://doi.org/10.1016/j.adhoc.2018.08.005
https://doi.org/10.1016/j.adhoc.2018.08.005
https://doi.org/10.1109/MWC.2019.1800467
https://doi.org/10.1109/MWC.2019.1800467
https://doi.org/10.1109/ACCESS.2020.2989790
https://doi.org/10.1109/ACCESS.2020.2989790
https://doi.org/10.1109/CAIS.2019.8\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 769\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 460
https://doi.org/10.1109/CAIS.2019.8\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 769\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 460
https://doi.org/10.1109/CAIS.2019.8\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 769\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 460
https://doi.org/10.1109/CAIS.2019.8\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 769\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 460
https://doi.org/10.1109/WCNC.2018.8\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 377\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 148
https://doi.org/10.1109/WCNC.2018.8\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 377\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 148
https://doi.org/10.1109/WCNC.2018.8\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 377\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 148
https://doi.org/10.1109/WCNC.2018.8\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 377\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 148
https://doi.org/10.3390/info11010037
https://doi.org/10.1109/COMCAS44\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 984.2019.8\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 958\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 195
https://doi.org/10.1109/COMCAS44\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 984.2019.8\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 958\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 195
https://doi.org/10.1109/COMCAS44\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 984.2019.8\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 958\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 195
https://doi.org/10.1109/COMCAS44\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 984.2019.8\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 958\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 195
https://doi.org/10.1109/COMCAS44\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 984.2019.8\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 958\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 195
https://doi.org/10.1007/978--981--13--3702--4_6
https://doi.org/10.1007/978--981--13--3702--4_6

[22]

(23]

(24]

F. Alvarez, L. Almon, H. Radtki, and
M. Hollick, “Bluemergency: Mediating post-disaster
communication systems using the Internet of Things
and Bluetooth mesh,” 2019. [Online]. Available:
https://arxiv.org/pdf/1909.08094

M. Lescisin and Q. H. Mahmoud, “Ad hoc messaging
infrastructure for peer-to-peer communication,” Peer-
to-Peer Net. Appl., vol. 12, pp. 60-73, 2019. https:
//doi.org/10.1007/s12083-017-0628-7.

Y. Jung, “Community-based localized disaster
response through temporary social overlay networks,”

(25]

Salamanca, Cables, AND Ramfirez

Mobile Net. Appl., vol. 24, pp. 1641-1653, 2019.
https://doi.org/10.1007/s11036-017-0892-z.

A. lto and H. Hatano, “A study on a protocol for
ad hoc network based on Bluetooth low energy,”
in Cognitive Infocommunications,  Theory and
Applications, R. Klempous, J. Nikodem, and P. Baranyi,
Eds. Berlin, Germany: Springer, 2019, pp. 433-458.
https://doi.org/10.1007/978--3--319--95\protect\
protect\leavevmode@ifvmode\kern+.1667em\
relax996--2_20.

INGENIER{A E INVESTIGACION vOL. 44 No. 3, DecemBer - 2024 9 oF 9


https://arxiv.org/pdf/1909.08094
https://doi.org/10.1007/s12083-017-0628-7
https://doi.org/10.1007/s12083-017-0628-7
https://doi.org/10.1007/s11036-017-0892-z
https://doi.org/10.1007/978--3--319--95\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 996--2_20
https://doi.org/10.1007/978--3--319--95\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 996--2_20
https://doi.org/10.1007/978--3--319--95\protect \protect \leavevmode@ifvmode \kern +.1667em\relax 996--2_20

	Introduction
	Related work
	Description of Conecta2
	Module 1: group communication
	Module 2: one-to-one communication
	Module 3: location of nearby smartphones

	Performance evaluation
	Discussion
	Conclusions
	Declaration of competing interest
	Funding
	CRediT author statement

