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Abstract — One of the most important applications of the UAVs
like drones is surveillance of a particular region. A hole in a
surveillance region may lead to inefficient coverage. It is
imperative to ensure proper deployment of UAVs in a region
and ensure a hole free coverage. In this paper, we propose a
novel election algorithm that provides a hole free coverage and
also ensure speedy movement of UAV nodes towards the
coverage hole. The proposed algorithm outperforms some of the
famous algorithms of the past by 12 % and 45 % respectively.
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l.. Introduction.

Unmanned aerial vehicle or drone is an aircraft which does not
have any human pilot onboard. UAV can be operated in various
ways including by remote control human = operator or
autonomously using onboard computers. UAVs are being widely
used in commercial, military, agricultural and other applications
nowadays. A common application of UAV is to search a specific
area for some sort of targets. Targets vary from application to
application. One example is finding the debris of missing
airplane. Widespread research on its trajectory design,
autonomous and reliable communication among UAVs of a
group is being done in recent times. Moreover, optimizing various
objectives such as, mission time, coverage, number of UAVs
needed etc, are also being heavily investigated for drones by the
researchers. As small and mini drones have become widely spread
a common scenario is to deploy a group of UAVs to accomplish a
mission instead of a single one. For different problems different
strategies and algorithms are used to meet the objective specific to
those problems. However all these deployment is done keeping all
the UAVs in a fixed height. Here, it is assumed that targets will
be detected if somehow it is scanned at the specified height. The
probability of detecting a target by an UAV largely depends on
the height of the UAV. The more the height of the UAV the more
the distance from target on ground which results increase chance
of failure. Moreover, the required height varies for different
environmental and other conditions. Land, ocean, forest, urban
block etc., affect differently. The weather condition such as rain,
fog, sunny, storm all these impose different effect. Posture of the
object and some other aspects are also responsible for the
accuracy of the search. As a result it is necessary to deploy UAVs
in variable heights to ensure better dependability of search result.
To the best of our knowledge deploying UAVs of a group in
different heights has not been done before.

Figure 1 (a) — A UAV operating in a deployment region [5].

Unmanned Aerial Vehicles (UAVS) have gained popularity in
many industries due to their vast potential applications, such as
survey, search and rescue, agriculture, or forestry [1]. In the last
decade, a significant amount of research was carried on using and
processing the information supplied by a single UAV. However,
the reduced costs of commercial-grade UAV facilitates usage of
interconnect multiple UAVs in an adaptive and autonomous
acting system [2]. Such a UAV swarm is capable of
accomplishing tasks which one UAV either fulfils with difficulty,
such as accurate determination of the location for an object, or
fails to accomplish altogether, such as mapping of inaccessible
caves or dense rain forest, assessment of real-time environmental
processes, or wildlife monitoring. Furthermore, compared to a
one UAV, a UAV swarm is able not only to solve more tasks, but
also to reduce the time of executing various activities and to
increase the quality of collected data. Additionally, if the task
requires navigational autonomy within an unknown or difficult
environment, a UAV swarm offers robustness through
redundancy and self-organization, which cannot be achieved by
deploying one UAV.

A particular case of a demanding flying environment is
represented by the interior of a forest. Data collection using
sensors carried above the forest canopy was executed for more
than one century [3-9], but accurate resource assessment still
eludes foresters, as little useful information can be obtained from
sources located outside forest [10-14]. The limited success in
describing forest from afar is induced by the lack of algorithms
that accurately classify the information remotely sensed acquired
in elementary components (e.g., trees, shrubs, stem).

A UAV swarm can significantly increase the productivity and
accuracy of data describing the forest as a set of three
dimensional objects, each having multiple attributes attached
(such as taper, infestation with damaging biotic agents, or thermal
radiance) [15-20]. Each UAV maintains communication
capabilities with neighbouring UAVs which are in its
transmission range. The UAVs adapt to the unknown
environment, circumvent obstacles, and map the forest with a
variety of sensors. Afterwards, the swarm leader UAV transmits
the collected and aggregated data to the base station or operator
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for data analysis and advanced post processing. However, the
advantages promised by an autonomous UAV

swarm face challenges that come with the efficient swarm
formation and communication preservation. The set of UAVs
should exhibit a swarm-like behaviour that provides an adaptive
and reliable network structure while fulfilling the required tasks
for assessment of environment (e.g., three dimensions, amount of
light, or spatial variation of humidity inside the forest) [6], [7].

Il. RELATED WORK AND MOTIVATION BEHIND OUR
WORK

The study presented in [1] proposes a multi-objective
optimization strategy for a group of UAVs where coverage is
maximized, the number of UAVs required is minimized, and
searching time is minimized. Here the height of all UAVs is
assumed to be constant and thus the optimization problem is
reduced to a 2D problem. Besides the study presented in [2]
focuses on how a low lying UAV can plan its motion keeping in
mind specific goals, such as avoiding obstacles and looking for
acceptable landing sites while performing continuous
surveillance. Additionally the study in [3] investigates the
problem of minimum time coverage of ground areas using a
group of UAVs equipped with image sensors. In addition the
study in [4] proposes a model driven framework for system
design and on-the-fly path (re)planning strategy for UAVs.
Nonetheless, the study in [5] presents real UAVSs. To the best of
our knowledge all of these studies focus on deploying UAVS at
fixed flying heights. Some works have been found where height
optimization is done but those are totally for different type of
problems, not for searching a certain area. Like, in [6] an optimal
path between two waypoints in the target 3D space is developed
under various constraints. Whereas in [7] UAVs are used as
flying base stations where total transmit power is minimized
while meeting users rate requirements. Coming back to our
problem of covering the entire region with minimum UAVs
flying at a optimum height is implemented in this paper. This
happens due to various factors such as weather condition, terrain
type etc. As these conditions vary over different parts of territory
under reconnaissance, it is of utmost significance to deploy
different UAVs at different flying locations over different parts to
render a dependable search. However, investigating such a
deployment is yet to be focused in the literature. Therefore, in this
paper, we investigate a methodology for such deployment of
UAVs.

I11. Proposed Algorithm.

A. Problem Description

The UAVs are to be deployed forming a mesh network to provide
wireless coverage to ground users. The users are mobile which
implies that there is non uniform densities of users at different sub
regions in the given region. As there is a limitation on the number
of UAVs, the entire region can never be covered, hence, not all of
the users will get served. The aim is to cover as much area - in
essence maximum users - as possible, but keeping in mind the
limited numbers of UAVs available.

B. Assumptions
To focus on solving the problem in hand, we make various
realistic assumptions as listed below:
e All the UAVs are homogeneous in nature, i.e. each has
the same capability and covers the same area as its peers.
e There is a fixed number of UAVs deployed in the region.
e Initially, all the UAVs attain positions following
Delaunay triangulation, forming equilateral triangles.
e Each UAV knows its current position (coordinates) and
has a neighbor table.

e Each UAV makes sure that it has at least one neighbor
so that it remains in the mesh network.

C. Implementation

e UAVs often operate in a network structure where intra
network communication plays an important part.

e For most applications of UAVS, we require adequate coverage
of a surveillance region in such a way that entire deployment
area is covered by ample UAV nodes.

e We propose a novel election algorithm for efficient
deployment of the UAV nodes in a deployment region.

e In our algorithm, entire deployment region is divided into
several virtual cells where each cell may contain one of many
UAYV nodes.

e For efficient deployment of UAVs in a surveillance region
each cell must contain at least one UAV node.

e Ifacell is empty it sends a signal to all the nearby cells about
its vacancy.

e The UAV which is closest to the elects itself to fill the vacant
cell and moves towards the empty cell with a kinetic velocity
V.

e For movement towards the cell it uses shortest path algorithm
Ant colony optimization.

¢ In this way election algorithm is executed for the entire region
and all the deployment area is properly covered by a UAVS.

e Proper deployment not only ensures full coverage but also
gives user a hole free surveillance application of UAVs.

IV. Results. In this section, we conduct simulations to evaluate
the performances of our proposed deployment algorithms. All the
values reported later are collected from the average of 1000 runs
for each algorithm. All parameters of UAVs are randomly
generated. The length of target interval is set to be 20 kilometers,
while the maximum flying speed and maximum coverage radius
are set to be 50 kilometers per hour and 2 kilometers, unless
otherwise stated.Results of the proposed algorithm are obtained
using the configuration of the hardware core-i5 processor with
4GB RAMS..

A UAYV deployment between two static nodes is shown in figure
1 (b).

Node 1 Node 2

Figure 1 (b) — UAV deployment between 2 nodes.
An initial deployment of 100 UAVs is shown in figure 1 (c).
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Figure 1 (c) — Initial deployment of 100 UAVs
Figure 2 shows the percentage area covered by proposed
algorithm in comparison to the past algorithm PIA and when there
is simple deployment used.
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Figure 2 — Area covered by the proposed algorithm

Figure 3 shows the energy consumed by a UAV node in moving
from a specific cell to the cell where there is a coverage hole.
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Figure 3 — Energy consumed by the UAV node in filling the
coverage hole

Figure 4 shows the speed in milliseconds by which a UAV moves
to the coverage hole. It is evident from the figure that proposed
work performs best in terms of coverage speed as compared to the
past algorithms.
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Figure 4 — Speed of filling the coverage hole

Figure 5 shows the lifetime of a UAV node after the movement
from its original location to the vacant cell is completed.
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Figure 5 — Average lifetime of a UAV in rounds.

It is evident from all the figures that the proposed work works
best in all the cases.

REFERENCES

[1] F. Kendoul, “Survey of advances in guidance, navigation, and
control of unmanned rotorcraft systems,” Journal of Field
Robotics, vol. 29, no. 2,

pp. 315-378, 2012.

[2] A. Burkle, F. Segor, and M. Kollmann, “Towards autonomous
micro uav swarms,” Journal of intelligent & robotic systems, vol.
61, no. 1-4,

pp. 339-353, 2011.

[3] B. Campbell James and H. Wynne Randolph, “Introduction to
remote sensing,” 2011.

[4] R. Shrestha and R. H. Wynne, “Estimating biophysical
parameters of individual trees in an urban environment using
small footprint discretereturnimaging lidar,” Remote Sensing, vol.
4, no. 2, pp. 484-508, 2012.

[5] B. Strimbu and J. Innes, “An analytical platform for
cumulative impact assessment based on multiple futures,” Journal
of environmental

management, vol. 92, no. 7, pp. 1740-1752, 2011.

[6] M. R. Brust, D. Turgut, C. H. Ribeiro, and M. Kaiser, “Is the
clustering coefficient a measure for fault tolerance in wireless
sensor networks?,” in |IEEE International Conference on
Communications (ICC), pp. 183-187, IEEE, 2012.

JETIR1807304 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 407


http://www.jetir.org/

© 2018 JETIR July 2018, Volume 5, Issue 7

www.jetir.org (ISSN-2349-5162)

[71 M. R. Brust, M. ‘1. Akba, s, and D. Turgut, “Multi-hop
localization system for environmental monitoring in wireless
sensor and actor networks,” Wiley Journal on Concurrency and
Computation: Practice and Experience, vol. 25, no. 5, pp. 701-
717, 2011.

[8] M. R. Brust, C. H. C. Ribeiro, J. A. B. Filho, J. Mesit, and R.
K. Guha, “Effective Coverage Area and Network Density in
Simulations of Ad hoc and Sensor Networks,” International
Journal of Simulation - Systems, Science and Technology, vol. 10,
no. 4, 2009.

[9] J. Schleich, A. Panchapakesan, G. Danoy, and P. Bouvry,
“Uav fleet area coverage with network connectivity constraint,”
in Proceedings of the 11th ACM international symposium on
Mobility management and wireless access, pp. 131-138, ACM,
2013.

[10] C.-F. Huang and Y.-C. Tseng, “The coverage problem in a
wireless sensor network,” Mobile Networks and Applications, vol.
10, no. 4, pp. 519-528, 2005.

[11] T. C. Hales, “The sphere packing problem,” Journal of
Computational and Applied Mathematics, vol. 44, no. 1, pp. 41—
76, 1992.

[12] O. R. Musin, “The kissing problem in three dimensions,”
Discrete & Computational Geometry, vol. 35, no. 3, pp. 375-384,
2006.

[13] V. Ravelomanana, “Extremal properties of three-dimensional
sensor networks with applications,” Mobile Computing, IEEE
Transactions on, vol. 3, no. 3, pp. 246-257, 2004.

[14] M. C. Hansen, D. P. Roy, E. Lindquist, B. Adusei, C. O.
Justice, and A. Altstatt, “A method for integrating modis and
landsat data for systematic monitoring of forest cover and change
in the congo basin,” Remote Sensing of Environment, vol. 112,
no. 5, pp. 2495-2513, 2008.

[15] C. Frey, D. Zarzhitsky, W. M. Spears, D. F. Spears, C.
Karlsson, B. Ramos, J. C. Hamann, and E. A. Widder, “A
physicomimetics control framework for swarms of autonomous
surface vehicles,” in OCEANS 2008, pp. 1-6, IEEE, 2008.

[16] J. L. Sanchez-Lopez, J. Pestana, P. de la Puente, R. Suarez-
Fernandez, and P. Campoy, “A system for the design and
development of visionbased multi-robot quadrotor swarms,” in
Unmanned Aircraft Systems (ICUAS), 2014 International
Conference on, pp. 640-648, IEEE, 2014.

[17] Y. Wei, M. B. Blake, and G. R. Madey, “An operation-time
simulation framework for uav swarm configuration and mission
planning,” Procedia Computer Science, vol. 18, pp. 1949-1958,
2013.

[18] S. Hauert, J.-C. Zufferey, and D. Floreano, “Evolved
swarming without positioning information: an application in
aerial communication relay,” Autonomous Robots, vol. 26, no. 1,
pp. 21-32, 20009.

[19] D. W. Casbeer, D. B. Kingston, R. W. Beard, and T. W.
McLain, “Cooperative forest fire surveillance using a team of
small unmanned air vehicles,” International Journal of Systems
Science, vol. 37, no. 6, pp. 351-360, 2006.

[20] C. W. Reynolds, “Flocks, herds and schools: A distributed
behavioural model,” ACM SIGGRAPH Computer Graphics, vol.
21, no. 4, pp. 25-34,

1987.

JETIR1807304 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 408


http://www.jetir.org/

