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Abstract—Surveillance and monitoring are indispensable in
some large areas for purposes such as home security, road
patrols, livestock monitoring, wildfire mapping, and ubiquitous
sensing. Computer-controlled micro unmanned aerial vehicles
(UAVs) have the potential to perform such missions because
they can move autonomously in a surveillance area without
being constrained by ground obstacles. However, the duration of
flights is a serious problem with UAVs. A typical UAV can fly
only for about 10 min using currently available Li-Po batteries,
which makes it difficult to conduct tasks like aerial surveillance
that clearly require longer flying periods. In this study, we
developed an automatic battery replacement mechanism that
allows UAVs to fly continuously without manual battery
replacement along with the suggestion of the scalable and robust
usage for the system. We conducted an initial experiment using
this system and successfully assessed the possibility of

continuous surveillance in  both indoor and outdoor
environments.
Keywords: Unmanned Aerial Vehicle, Lithium Peroxide

Batteries.

I.LINTRODUCTION

Surveillance and monitoring are indispensable in some
large areas for purposes such as home security, road patrol,
pipeline security, livestock monitoring, wildfire mapping, and
ubiquitous sensing. The demands of these tasks may require a
system to work indoors, over large areas outdoors or under
poor ground conditions. Also, the system may be required to
operate continuously for long durations.

An unmanned aerial vehicle (UAV) is an aircraft without a
human pilot on board. UAVs are usually equipped with
embedded inertial sensors such as  gyroscopes,
accelerometers, and sonar altitude sensors; thus, their flight
can be controlled autonomously by computer. They can move
freely through the air and circumvent poor ground conditions
such as uneven roads and non-graded areas. When the
Tohoku-Pacific Ocean Earthquake occurred, human-
controlled UAVs were used to survey the damage at the
Fukushima Dai-1 nuclear plant. In a recent study, UAVs were
used to capture 3D reconstructed images of indoor and
outdoor environments using mounted cameras.

UAVs have the potential to perform surveillance and
monitoring missions autonomously without being constrained
in three dimensions or by ground obstacles. The trend toward
UAV technology use in aerial surveillance is rapidly
increasing. For example, aerial surveillance is used widely
for the detection of oil spills and it is considered to be the
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most effective method for this task. The presence of NASP
surveillance aircraft also acts as a deterrent to the illegal
discharge of pollutants into seas.

However, a serious problem with UAVs is their flight
time, as they rely on Li-Po batteries for energy. Li-Po
batteries are used by many autonomous aerial vehicles
because they have a high energy density and they can sustain
high current loads. However, the heavy weight of the battery
translates directly into increased energy requirements of the
UAV’s motors, which limits the flight time available for
surveillance and monitoring applications.Flyer that allows
UAVs to fly continuously without being constrained by
battery limitations.(Fig.1) Our contributions are as follows:

*  We described the design of the battery exchange
platform and suggested the scalable and robust usage
of the system.

*  We conducted initial experiments on this system in
both indoor and outdoor environments to examine
further challenges for transferring the system to real-
world applications.

« We used the experiment results to describe case
scenarios for this system and proposed suitable
applications, particularly for surveillance and
monitoring.

+  Finally, we considered future work to take the best
advantage of this system.

Figl: Endless Flyer: automatic battery replacement platform enables
UAV to fly continuously without requiring manual battery replacement.
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A. Wired/Wireless Energy Supplies

1) Method: A UAV can be provided with a continuous
energy supply via a tether, containing a power cord and a
wide-band wire to transmit information back to the main
station. [4] Wireless systems include DARPAs Vulture
program, which is a giant solar plane that, theoretically, could
fly for five years. Wireless power delivery systems based on
laser beams have also been developed by Laser Motive.
UAVs carry photovoltaic cells that are optimized to the laser
wavelength, and they convert about half of the laser power to
generate a few watts of electricity, which is sufficient to
power the motors of a small helicopter. [5]

2) Discussion: In actual scenarios, however, a wired elec-
tricity supply might produce obstacles in the flight path, and a
UAV may not be able to reach a wireless power source.

Although many studies have explored wireless supply
methods, such as electrodynamic induction, electrostatic
induc-tion, or electromagnetic radiation, none are efficient
enough, a great amount of loss occurs, and a massive and
expensive device is often required

Although either system might allow a UAV to remain in
the air continuously, permanent flying can also lead to
heating problems in the motor or other onboard circuits, so
the UAV may have to land on a platform to cool down.

B.Battery Recharge Platforms

1) Method: Using a ground platform to supply energy is
another solution that allows UAVs to fly continuously. When
the UAV detects that its battery is running out, it returns to
the platform and recharges/exchanges its battery
automatically. Several institutions have already developed
prototype battery recharge platforms.

C.Discussion: With a recharging system, waiting for a
battery to fully recharge is time-consuming compared to
swap-ping the battery with a new battery. For aerial
surveillance in particular, real-time information may be the
most important factor. To meet this demand, a large humber
of platforms may be required, which could be spatially
inappropriate and expensive.

1. ENDLESS FLYER

The Endless Flyer system comprises an automatic battery
exchange platform, a position measurement system, and a
UAV. When the UAYV detects that its battery is running out, it
comes back to the platform and the battery is changed auto-
matically. After the battery is exchanged, the UAV flies away
to conduct tasks.(Fig.3) Several studies have worked on
battery exchange platforms.[8]Although we looked to some
of them for reference, we make the following unique
contributions:

*  We described the design of the battery exchange
platform. This description allows us to share the
construction details in a way, that everybody with a
laser-printer could quickly rebuild the platform.

» Initial experiments were performed for both indoor

and outdoor usage. Little research has been done on
outdoor experiments despite the fact that it is critical
to assess the feasibility of transferring the system to
real-world applications.

+  We also suggested the scalable and robust usage of
the system. the results of our study revealed that
motion capture.

Fig. 3. Endless flyer platform : 1) UAV flies on platform. 2) UAV
lands on platform 3): UAV is pushed to correct position for battery
swapping. and 4) Battery exchange is conducted.

IV.DESIGN

A. Battery Exchange Mechanism

The battery exchange mechanism comprises a large landing
pad, a battery connector/carriage, and a battery swapping
mechanism. The size of the landing platform needs to be
large enough for the UAV to land successfully on the landing
pad. Even with precise position measurement systems such as
motion capture that can provide position data with only slight
errors, a UAV may be unable to land at the correct position
owing to factors such as wind or loss of balance. To
determine the sizeof the landing pad, we conducted an
experiment to determine the landing error of the UAV. In the
experiment, the UAV hovered at a specific point and tried to
land directly under that point. Because of the above factors,
the UAV landed to times, and the maximum error was 10 cm.
Thus, we designed a 20 cm? landing pad, which we assumed
to be sufficient for landing. While the landing pad can handle
large errors.

VIIl. CONCLUSION

This goal of this study was to pave the way for solving the
limited flight time of UAVSs. We developed an autonomous
battery replacement platform and provided suggestions for
the scalable and robust usage of the system. We conducted
initial experiments on this system both indoors and outdoors
because little research has been conducted outdoors with this
type of system, where external disturbances may occur. In
our system, the UAV could land on the platform with a 90%
success rate, and once the UAV landed on the platform, the
battery exchange had a success rate of 100%. We then
addressed some modifications, including error detection that

Volumeb5, |ssue 21

Published by, www.ijert.org 2



Special Issue- 2017

International Journal of Engineering Research & Technology (IJERT)

I SSN: 2278-0181
NL PGPS - 2017 Conference Proceedings

could increase the robustness of our system. We also detailed

suggestions for

using this system to perform aerial

surveillance in real-world applications. Our system is a
successful step toward finding a reliable solution to the UAV
flight time limitations.

(1]

(2]

(3]
(4]

(5]
(6]

[7]

(8]

(9]

[10]

REFERENCES
A. Huang, A. Bachrach, P. Henry, M. Krainin, D. Maturana,
D. Fox, and N. Roy. Visual odometry and mapping for
autonomous flight using an rgb-d camera. Int. Symposium on
Robotics Research ISRR,Flagstaff, Arizona, USA, 2011.
A. Wendel, M. Maurer, G. Graber, T. Pock, and H.
Bischof.Dense reconstruction on-the-fly. Computer Vision and
Pattern Recognition CVPR, 2012 IEEE Conference on, pages
1450 ?1457, june 2012.
Tans Port Canada,Spill Prevention:
Surveillance Pro-gram 2013-01-09
Muttin, F., Umbilical deployment modelling for tethered UAV
detecting oil pollution from ship. Applied Ocean Research,
33(4),pp. 332-343, 2011.
Homeland Security News Wire,Laser-powered, ground-
charged UAV stays aloft for hours 2010-03-09
D Dale and J P How (2007) Automated ground maintenance
and health management for autonomous unmanned aerial
vehicles. Thesis (M. Eng.), Department of Electrical
Engineering and Computer Science, Massachusetts Institute of
Technolog (MIT)
P Kemper F, K A O Suzuki, J R Morrison (2011) UAV
consumable replenishment:Design concepts for automated
service stations. Journal of Intelligent Robotic Systems
61:369-397
K A Swieringa et al. (2010) Autonomous battery swapping
system for smallscale helicopters. In: 2010 IEEE International
Conference on Robotics and Automation (ICRA), pp 3335-
3340
Grzonka, S. ; Grisetti, G. ; Burgard, W. A Fully Autonomous
Indoor Quadrotor Robotics, IEEE Transactions on Volume:
28 , Issue: 1
Sasiadek, J.Z. ; Hartana, P. Robust INS/GPS Sensor Fusion for
UAV Lo-calization Using SDRE Nonlinear Filtering Robotics
and Automation, 2004. Proceedings. ICRA ’04. 2004 IEEE
International Conference on

National Aerial

[11]

[12]

[13]

[14]

[15]

Nemra, A. ; Aouf, N. Sensor fusion for navigation of an
autonomous unmanned aerial vehicle Sensors Journal, IEEE
Volume: 10, Issue: 4

Conte, G. ; Doherty, P. An Integrated UAV Navigation System
Based on Aerial Image Matching Aerospace Conference, 2008
IEEE

Lindsten, F. ; Callmer, J. ; Ohlsson, H. ; Torngvist, D. ; Schon,
T.B. ; Gustafsson, F. Geo-referencing for UAV navigation
using environmental classification Robotics and Automation
(ICRA), 2010 IEEE Interna-tional Conference

Richard SteffenVisual SLAM from image sequences acquired
by un-manned aerial vehicles vorgelegt am 27. Juli 2009 von
M. Quaritsch, K. Kruggl, D. Wischounig-Strucl, S.
Bhattacharya, M. Shah, B. RinnerNetworked UAVs as aerial
sensor network for disaster management applications
Elektrotechnik & Informationstechnik (2010) 127/3: 56763.
DOI 10.1007/s00502-010-0717-2

Volumeb5, |ssue 21

Published by, www.ijert.org



