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Abstract—The fast-paced development of Unmanned Aerial

Vehicles (UAVs) and their use in different domains, opens a

new paradigm on their use in natural disaster management.

In UAV-assisted disaster management applications, UAVs not

only survey the affected area but also assist in establishing

the communication network between the disaster survivors,

rescue teams and nearest available cellular infrastructure. This

paper identifies main disaster management applications of UAV

networks and discusses open research issues related to UAV-

assisted disaster management.

I. INTRODUCTION

Large-scale natural disasters test the most fundamental
human instinct of survival by inflicting massive, and often
unpredictable loss to life and property. Various types of natural
disasters, such as geophysical (earthquake, tsunami, volcano,
landslide, avalanche), hydrological (flash-floods, debris flow,
floods), climatological (extreme temperature, drought, wild-
fire) and meteorological (tropical storm, hurricane, sandstorm,
heavy rainfall), among others, have caused losses of many
lives in addition to increase in material losses in the order
of 100% � 150% over the period of last 30 years [1].
Acknowledging the need for bolstering disaster resilience, this
paper describes a vision of leveraging the latest advances in
wireless sensor network (WSN) technology and unmanned
aerial vehicles (UAVs) to enhance the ability of network-
assisted disaster prediction, assessment and response.

The occurrence of natural disasters is an important problem
in all the areas of the world, both developed and developing.
The problem arises from the physical extent of the disaster,
which makes it out of scope of human possibilities to react to
it. Currently, efforts are being done in order to recognize and
forecast the possibility that a disaster will happen, to react in
an efficient manner to the disaster in course of happening, and
to quickly and efficiently assess the damage, fix and restore
normal state. In this paper, we present different applications of
UAV-assisted disaster management systems, and discuss about
open issues and research challenges facing them.

The remainder of the paper is organized as follows: disaster
management stages are presented in Section II, UAV-assisted
disaster management applications in Section III and open
issues and challenges in Section IV. Conclusions are drawn
in Section V.

II. DISASTER MANAGEMENT STAGES

Natural disasters happen daily worldwide and represent an
important factor that affects human life and development.
In order to respond to different types of natural disasters
and develop a feasible disaster management techniques and
methods, it is important to understand the nature of a disaster,
its phases and constituents.

When a disaster occurs, the most important issue that needs
to be solved is to preserve human lives. In this context, the
first 72 hours after the disaster hit are the most critical, which
means that Search and Rescue (SAR) operations must be
conducted quickly and efficiently. The International Search
and Rescue Advisory Group (INSARAG) provides an inter-
national SAR protocol and methodology and publishes a set
of guidelines1 which states that the SAR process must be
conducted by teams. Activity assignment and local decisions
are brought by a team leader, while all the team activities
are coordinated by an incident commander. A common SAR
mission is conducted in four major steps: 1) the commander
establishes the search area (a smaller search area minimize the
problems of communication among the rescuers), 2) establish-
ing of a command post in the search area, 3) first responders
are divided into scouts and rescuers and 4) scout teams report
their findings to the command post and rescuers gather the
information from the command post in order to know where
to act.

In this paper, we envision a three-stage operational lifecycle
where UAVs participate in natural disaster management:

• pre-disaster preparedness – concerning surveying-related
events that precede the disaster, static WSN-based thresh-
old sensing and setting up Early Warning Systems (EWS),

• disaster assessment – providing situational awareness
during the disaster in real time and completing damage
studies for logistical planning,

• disaster response and recovery – including SAR mis-
sions, forming the communications back-bone, insurance-
related field surveys.

Each stage imposes a set of task demands on the UAVs, lasts
different lengths of time, and has varying priority levels.

1http://www.insarag.org/en/methodology/guidelines.html



III. UAV-ASSISTED DISASTER MANAGEMENT
APPLICATIONS

In this work, the classification of the WSN and UAV-
assisted applications in disaster management is based on
the goal of the particular set of applications. For instance,
the applications of structural monitoring, disaster forecast,
environmental monitoring and early warning system design
are grouped together since their common goal is to predict
and forecast the occurrence of a disaster. WSN and UAV-
assisted applications in disaster management that are taken into
account in this work are the following: (a) monitoring, forecast
and early warning systems, (b) disaster information fusion, (c)
situational awareness and logistics, (d) damage assessment,
(e) standalone communication system, (f) search and rescue
missions. The review of related works on using WSN and
UAVs in disaster management is presented in Table I.

A. Monitoring, forecast, early warning systems
This section covers the applications of WSN and UAVs

where the goal is to predict the disaster by structural and envi-
ronmental monitoring, information analysis for forecasting and
early warning systems. The goal of predicting and forecasting
the natural disaster are executed during the prevention and
preparedness phases of the disaster management cycle.

An early warning system for natural disasters, which relies
on existing and available WSN technologies and that focuses
on issues of providing reliable data transmission, important
amounts of data from heterogeneous sensors and minimiz-
ing energy consumption is described in [5]. Methodology,
techniques and integrated services adopted for the design
and the realization of a web-based platform for automatic
and continuous monitoring of the Rotolon landslide (Eastern
Italian Alps) is tackled in [11]. The solution that employs
UAVs to reduce problems that arise from faults in a sensor
network during natural disaster is outlined in [30].

B. Disaster information fusion
Although information fusion is necessary and helpful in

all the disaster management stages, its most important impact
is seen in the assessment stage. The goal of the information
fusion and knowledge sharing is to combine different sources
of information available and/or to make a bridge between
different information technologies that can be of use in other
applications for disaster management. For instance, a first
responder system that implements information fusion and that
is based on the use of mobile autonomous agents that are
deployed in the emergency area is proposed in [16].

An experimental system where multiple heterogeneous ve-
hicles come together and are controlled and coordinated via
cyberspace to accomplish a complex logistical operation in
automated humanitarian missions is presented in [20]. In
[3] and [14], authors propose an efficient architecture of a
smart public safety platform that integrates heterogeneous
components such as smart data gathering and analysis system,
communication system, WSN and social networks in [3] and
UAVs and Unmanned Ground Vehicles (UGVs) in [14].

C. Situational awareness and logistics
The goal of this set of applications in disaster manage-

ment is to gather the information during the disaster phase,
especially regarding the movement of the people endangered
by the disaster, as well as the rescue teams deployed on
the disaster area. The platform that focuses on both static
and mobile sensors and addresses the challenges of sensor
data aggregation, routing, responders activity monitoring and
different mobility issues is presented in [8]. Experiences
from La Conchita (California) mudslide response in January
2005 are described in [21], where authors provide a study
about information regarding mudslide responses, what tasks
robots are needed for, how the rescue robots performed and
how responders viewed the robots. The solution for crisis
management proposed in [27] is focused on tracking and
data aggregation methods in order to gather the information
about the fire status and its evolution, besides the tasks of
safe-zone discovery and aggregation of rescue personnel bio-
medical signs. In [13], authors present DistressNet, an ad
hoc wireless architecture that supports disaster response with
distributed collaborative sensing, topology-aware routing using
a multichannel protocol, and accurate resource localization.

D. Damage assessment
When a disaster happen, it is important to assess the scale

of the damage by using different methods such as structural
health monitoring and UAV video inspection. In this context,
Kruijff et al. describe the deployment and experience in
working with the Italian National Fire Corps involved in the
post-disaster assessment on July, 2012, after two major earth-
quakes that occurred in Emilia-Romagna region in Northern
Italy [15]. The conclusion brought after the mission is that
UAV and UGV operator suffered from cognitive overload,
which justifies the research in the field of automatic dam-
age assessment systems. Key challenges to implement fault-
tolerant and efficient deployments of collaborative autonomous
aircraft to increase operational reliability and performance
when performing aerial sensing and assessment are described
in [26]. In [9], authors discuss the use of a low-cost UAV-based
remote sensing system for disaster assessment, environmental
management and infrastructure development monitoring. Sim-
ilarly, in [31], authors develop a small UAV system that is
capable of acquiring aerial disaster assessment information.

E. Standalone communication systems
The application that receives the most attention during the

disaster management is related to standalone communication
systems, where the goal is to re-establish the damaged or
destroyed communication infrastructure during the disaster. Its
application is most relevant during the disaster response phase,
while the re-established standalone communication system can
be of use during the recovery phase as well. In order to
facilitate the intercommunication between disaster victims and
rescue teams, an integrated emergency communication system
that relies on WSN is proposed in [2]. Similar concept is
proposed in [4], [6], [12], [17], [19], [22] and [29], where



TABLE I
UAV-ASSISTED DISASTER MANAGEMENT APPLICATIONS.

Related'works Disaster'stages Technology UAV8assisted'applica:ons

Authors Year
Pre,disaster/
preparedness

Disaster/
assessment

Post,disaster/
response/&/recovery

WSN UAV
Monitoring,/
forecast,/EWS

InformaCon/
fusion

SituaConal/
awareness

Damage/
assessment

Standalone/
comm./system

SAR/
missions

Frigerio/et/al/[11] 2014 ● ● ●

Ueyama/et/al/[30] 2014 ● ● ● ● ● ●

Erman/et/al/[8] 2008 ● ● ● ● ● ●

Chen/et/al/[5] 2013 ● ● ● ● ●

Bartoli/et/al/[3] 2015 ● ● ● ●

Kumar/et/al/[16] 2004 ● ● ● ● ●

Mosterman/et/al/[20] 2014 ● ● ● ●

Sardouk/et/al/[27] 2010 ● ● ● ● ●

Grocholsky/et/al/[14] 2006 ● ● ●

George/et/al/[13] 2010 ● ● ●

Pogkas/et/al/[25] 2007 ● ● ● ● ●

Murphy/et/al/[21] 2008 ● ● ● ● ●

Wada/et/al/[31] 2013 ● ● ●

Ezequiel/et/al/[9] 2014 ● ● ●

Kruijff/et/al/[15] 2012 ● ● ● ● ●

Fujiwara/and/Watanabe/[12] 2005 ● ● ●

Bai/et/al/[2] 2010 ● ● ●

Fragkiadakis/et/al/[10] 2011 ● ● ●

Nelson/et/al/[22] 2011 ● ● ●

Tuna/et/al/[29] 2012 ● ● ● ●

Morgenthaler/et/al/[19] 2012 ● ● ●

Dalmasso/et/al/[6] 2012 ● ● ●

Marinho/et/al/[17] 2013 ● ● ●

Minh/et/al/[18] 2014 ● ● ●

Carli/et/al/[4] 2014 ● ● ●

Di/Felice/et/al/[7] 2014 ● ● ●

Robinson/and/Lauf/[26] 2013 ● ● ● ●

Nourbakhsh/et/al/[23] 2005 ● ● ●

Tuna/et/al/[28] 2014 ● ● ● ●

the network of UAVs acts as a backbone of a communication
network damaged during a disaster.

Another flexible network architecture that provides a com-
mon networking platform for heterogeneous multi-operator
networks, for interoperation in case of emergencies is pro-
posed in [10]. Authors measured the performance of a video
streaming application in a real wireless metropolitan multi-
radio mesh network, showing that the mesh network can meet
the requirements for high quality video transmissions [24]. A
distributed mobility algorithm for re-establishing connectivity
among the disconnected end-user in post-disaster scenarios is
proposed in [7]. The architecture proposed in [18] extends
Internet connectivity from surviving access points to disaster
victims using their own mobile devices and it is set up on
demand using wireless virtualization to create virtual access
points on mobile devices.

F. Search and rescue missions

The goal of this set of WSN and UAV-assisted applications
is to search for and to rescue the misfortunate people that
happen to be lost, trapped by debris or injured during the
disaster or immobile by any other means. An architecture
for urban SAR and a methodology for mixing real-world

and simulation-based testing, where a sensor suite and sensor
fusion algorithm for victim detection permits aggregation of
sensor readings from various sensors on multiple robots is
provided in [23]. A similar ad-hoc sensor network for disaster
relief applications that provides rescue teams with a quickly
deployable and reliable tool to collect information about the
presence of people in a collapsed building is presented in [25].
Approach to WSN deployment with the use of mobile robots
for human existence detection in case of disasters is shown in
[28].

G. Other applications

Health and wellbeing of people are among the most critical
issues that an efficient disaster management system should
take care of. Therefore, different medical applications are
widespread prior, during and after the disaster happened. It in-
cludes the problems of mitigating the disease risks triggered by
the disaster, as well as the first aid and supply delivery. Finally,
the use of WSN and UAVs in infrastructural reconstruction is
relied on during the stage of recovery after the disaster, where
the goal is to improve the construction process that will allow
the ”smart” construction of infrastructure taking into account
the knowledge gained in prior disaster occurrences.



IV. OPEN ISSUES

Involving UAVs in disaster management have several
networking-related research challenges, as described below:

A. UAV Localization
Given their limited flying time and the need for time-critical

action, allowing UAVs to autonomously scout the disaster area
and select their locations with self-learning techniques using
repeated trials may be sub-optimal. We advocate the use of
partial external inputs to guide the UAVs in establishing the
last-hop connectivity to users as well as establishing a relay
network. Last recorded information from cellular network
location database as well as pings from mobile devices can
be leveraged to estimate the density of affected people and
their geographical distribution, which requires new signaling
protocols between operators. Approaches like ant-foraging
algorithms that reinforce paths based on availability/number
of mobile pings can drive the UAVs towards the locations
with high density of survivors.

B. Creating and maintaining the relay network
The relaying network formed by the UAVs is completely

aerial and must have a high level of resilience towards
link outages owing to motion-related changes or energy-level
changes among the UAVs. A two stage process is needed –
an initial round of centralized determination of optimal relay
points (which we call anchors) that connect the disaster region
to the nearest radio access network is followed by a round of
de-centralized correction during deployment. The problem of
allocating backup UAVs for each anchor point is analogous
to reserving backup channels in cellular environments, with
several major differences: the ability of the backup UAVs to
serve as relay-anchors may change over time depending on
energy level variations; the handoff process itself consumes
resources in terms of movement towards the anchor location;
the functional loss that results in altering the role of the UAV
from surveying to relaying, among others.

Interesting problems include: (i) performing optimal hand-
offs between the roles of surveying, communication with users,
and data relaying, (ii) choosing the charging duration, i.e.,
making tradeoff decisions on whether charging instants should
be proactive, even if their battery is not completely depleted,
(iii) optimizing the number of hops by building accurate 3-
D channel models for various weather conditions and land
topologies, (iv) designing distributed control algorithms at dif-
ferent layers of the UAV-assisted disaster management system,
etc.

C. Data fusion and handover issues
The video/images collected by the UAVs present an

overview of the situation. However, affected humans may also
use various social media or forward text messages and images
via the UAV relay network. These offer fine-grained on-the-
ground information that can be fused at the control center
with the high definition UAV feeds. In-network data fusion
within a mobile UAV network with energy constraints has not

yet been investigated thoroughly. Additionally, the need for
data fusion can impact the UAV network in interesting ways:
(i) a more complete view of the situation can direct UAVs
towards specific regions, (ii) it can reduce the data forwarding
requirements from the UAVs, thereby saving more energy for
flight. Existing source/channel coding from the domain of
multimedia sensor networks are not sufficient as they consider
a static network topology with varying channel conditions.
Here, both topology and the channel changes with time.

The handover process among UAVs can begin early, during
the approach time of the UAV towards the designated location,
though this involves higher transmission power and increased
impact of the 3-D propagation environment. Additionally, the
simultaneous actions of movement in air and RF transmissions
may introduce signal fluctuations caused by Doppler effect
at the incoming UAV. On the other end, UAVs can align
themselves next to each other in air, and then begin the
handover. However, there is a tradeoff between the advantage
of aerial stability during handover-related messaging with low
transmission power, and the correspondingly lengthy duration
for completing the entire handover process.

D. UAV-assisted system sustainability

The majority of UAVs have about 20-30 mins of flight
time, and one way to extend the network lifetime is to
alternate network responsibilities among them. Some parallels
with techniques to manage networked nodes in the Bluetooth
standard can be drawn here, such as the master node placing
selected slave nodes in parked mode, once the number of
active connections increases beyond 7. Works on moving Blue-
tooth slaves between active and parked modes based on energy
availability and anticipated traffic needs can provide some
preliminary strategies, though these will need to be majorly
extended for the UAV scenario. However, the parking action
in the UAV context is not merely switching the role status to
an inactive mode. Instead, it involves complex spatio-temporal
coordination of identifying safe stationary locations for the
UAV to land on-ground and perform other non-aerial tasks.
For example, redundant on-ground UAVs can serve as ground-
relay nodes connecting to the aerial mesh layer, or fixed base
stations serving mobile handsets, without consuming energy
for continuous flight (Figure 1).

The location of charging points as well as the energy trans-
fer methods must be carefully optimized as this impacts the
duration of active service. Magnetic-induction based charging
plates installed on on the supporting ground vehicles is one
feasible option, which allow the UAVs to land and re-charge
without manual intervention. This also raises new possibilities
of joint optimization and practical applications of existing
research on target tracking, where the vehicles are mobile
and can position themselves in optimal locations, such as
around the periphery of the affected area, to minimize the
UAV travel time from its designated operational area to the
selected charging point.



Fig. 1. Illustration of a UAV-assisted disaster management system.

V. CONCLUSION

This paper identified main disaster management applications
of UAV networks and discusses open research issues related
to the use of UAVs. Based on the surveyed related works,
UAV networks in conjunction with WSN and cellular network
are showed to be a promising future technology for the
applications in disaster management.
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