Sains Malaysiana 46(1)(2017): 129-137
http://dx.doi.org/10.17576/jsm-2017-4601-17

Robust Blimps Formation using Wireless Sensor based on Received

Signal Strength Indication (RSSI) Localization Method
(Formasi Blimp Menggunakan Peranti Tanpa Wayar Berdasarkan Teknik
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ABSTRACT

This paper suggests the wireless communication technique used to determine the information of blimp localization
(distance and orientation) via wireless sensor network (WSN) protocol. In cooperative decentralized system, information
exchanges between the agents are crucial. Each agent is required to share data to enable individual decision making
task. In this work, the WSN were used as the data communications protocol which provides robust communication using
the mesh networking. In order to support the multi agent communication network, the reliability of data needs to be
proved. The performances of the communication selection were studied through experimental and simulation approach.
The experimental results showed that the RSSI value from the device provided good statically data fit using the R-square
with value of 0.947. This paper also proposed a new mobile node arrangement with hexagonal anchor node arrangement
based on water particles formation. The node arrangement was simulated using the Senelex™ and showed low absolute
error position thus achieving the desired cooperative system requirement.
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ABSTRAK

Kertas ini mencadangkan teknik komunikasi tanpa wayar yang digunakan untuk menentukan maklumat penempatan
blimp (jarak dan orientasi) melalui protokol rangkaian sensor tanpa wayar (WSN). Dalam sistem pembahagian koperasi,
pertukaran maklumat antara agen adalah penting. Setiap agen perlu berkongsi data bagi membolehkan tugas membuat
keputusan dilakukan secara individu. Dalam kertas ini, rangkaian peranti tanpa wayar (WSN) telah digunakan sebagai
protokol komunikasi yang menyediakan pertukaran data yang mantap menggunakan rangkaian jaringan. Untuk
menyokong komunikasi rangkaian bagi pelbagai agen, kebolehpercayaan data perlu dibuktikan. Prestasi komunikasi dikaji
melalui eksperimen dan simulasi. Keputusan eksperimen menunjukkan bahawa nilai RSSI daripada peranti disediakan
menunjukkan statistik data yang baik dengan Regresi, R* bernilai 0.947. Kertas ini juga mencadangkan aturan nod
mudah alih yang baharu dengan susunan heksagon pada nod sauh berdasarkan pembentukan zarah air. Susunan nod
disimulasi menggunakan Senelex™ dan menunjukkan ralat mutlak yang rendah sekaligus mencapai keperluan sistem
koperasi yang dikehendaki.

Kata kunci: Blimp; penempatan; RSSI; tanpa wayar; Xbee

INTRODUCTION . N .
establish a good communication link between the agents.

A blimp is an aerial vehicle that looks like an ellipsoid
balloon with a propeller. Technically, this vehicle is a
non-rigid airship which uses gases that are buoyant in air
with density lower than 1.2 kg/m*and 1.2 g/L ft. With the
ability to hover at low altitude and speed; this vehicle is
very suitable for low altitude data gathering. The blimp
model were presented based on our own specification
(Kadir et al. 2012).

In cooperative multi blimp system, communication
between agents plays a very important role to establish
data sharing during a mission (Maalej et al. 2012). The
challenge in the cooperative system is to calculate the
distance between the agents and accurate localization.
To enable reliable data exchange, it is important to

By combining measurements from proprioceptive and
exteroceptive sensors permit motion monitoring of vehicle
orientation, in addition to environment information. Several
outdoor and indoor positioning localization technologies
have been developed based on Infrared, ultrasonic, RFID,
Wireless Sensor Network (WSN), Wi-Fi, WLAN and Global
Positioning System (GPS).

In this work, we have consider WSN technique and
Xbee as the wireless device. The Xbee will be embedded
as nodes to the blimp (mobile nodes) and beacon (anchor
node). The Zigbee networking provides the capability
for devices to communicate with other nodes within a
network. The mesh topology also enables the mobile nodes
to communicate with the anchor node and between them
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and give more efficient signal propagation through the best
available links.

Recent works document the wireless network
technique (Ahmed et al. 2012; Ahn et al. 2010; Dang et
al. 2008; Erdogan 2010; Guibin et al. 2010; Muhamed et
al. 2009; Park et al. 2010; Rahman et al. 2012; Wang et al.
2010; Zheng 2011). Generally, there are four techniques
that can be used for range estimation: Angle of Arrival
(AoA), Time-of-Arrival (ToA), Time-Difference-of-
Arrival (TDoA) and Received-Signal-Strength-Indicator
(RsSI). In AoA technique, the angle of a signal arrives at a
node will be recorded. However, this technique needs to
be equipped with a directive antenna, which may require
hardware modification. In ToA and TDoA technique,
the signal arrival time or the difference of arrival times
were measured. The distances were determined based
on transmission times and speeds. For RSSI, the distance
was obtained based on the power levels received by the
device through AP or API mode. Each techniques offers
different advantages, whereas there is tradeoff between
data accuracy with data hardware modification. There
are three localization methods that offer accurate location
estimations, which are ToA, TDoA and AoA. However,
they require precise synchronization of wireless nodes and
direct wireless communication (LOS: Line-of-Sight) link.
Therefore, some disadvantageous are introduced in terms
of cost and energy consumption of sensor communication
nodes. Due to no hardware modification required for
implementing the 4th method, RSSI-based location
estimation method offers advantageous in terms of cost
and energy consumption. The RSSI method can consider
the variation of measured RSSIs value, due to multipath
fading and shadowing in a Non-Light-of-Sight (NLOS) link.
In addition, RSSI methods produce better results compared
to other method (Hara & Anzai 2008; Tiang et al. 2010).

In this work, RSSI range estimation data between
nodes will be highlighted and reliable localization data
were demonstrate using this method. The experimental
and simulation results will highlight the advantages of our
approach and clarify its limitations. The rest of the paper is
organized as follows: Next, some relevant work in aerial
vehicles and cooperative system will be discussed. After
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that, we introduced the basic concept of proposed method.
Subsequently, we will discuss the networking formation
for the nodes followed by the experimental and simulation
result, here we will discuss the comparisons between
different environments and network formation and lastly,
we will discuss the conclusion and future work.

RELATED WORK

Due to cost effectiveness and persistent potential in
maritime surveillance (Flight International 2013), the
blimp is a resurgence technology in aerial observation
(Liao & Pasternak 2009). This vehicle also offers great
potential in surveillance, exploration and communications
application (Liao & Pasternak 2009; Luca at el. 2011).
Recent work documented the usage of the blimp in several
cooperative applications such as rescue operation (Hada et
al. 2008; Keith et al. 2005), searching (Guoqing & Corbett
2004) and forest fire detection (Merino et al. 2006). As
mentioned by Maza et al. 2011, localization of a group
of vehicles can exploit more information from multiple
scenes and can be used to estimate the position of objects
of interest. However, a poor communication links between
agents will affect the coordination of objects of interest
complete their mission, reduce the efficiency of a team
and may lead to vehicles lost.

Recently, WSN had shown the solution in a diverse
spectrum of applications from surveillance and tracking
for forest, military, street traffic, patients supervision,
atmospheric research, and hurricane tracking (Lawrence
& Mohseni 2007; Cione et al. 2008; Kulakowski et al.
2012; Akyildiz et al. 2005, 2002; Baronti et al. 2007). This
method also introduces a cooperative networking for a team
of aerial vehicle (Cione et al. 2008; Guoqing & Corbett
2004; Hada et al. 2008; Keith et al. 2005; Lawrence &
Mohseni 2007; Maza et al. 2011; Merino et al. 2006).

Due to low power wireless characteristic, the ZigBee
wireless networking has gained interest from many
researchers (Zheng & Lee 2006). This industry-standard
IEEE 802.15 4 radios at 2.4 GHz offer minimum power and
computational requirements for cooperative multi agent
system. Shaw and Mohseni (2011) has applied the Digi’s
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FIGURE 1. Blimp architecture



Xbee Pro radios to a 32-inch Delta-wing UAV using the
Packet error rate (PER) and received signal strength (RSS),
but the communication range were limited to the size of
targeted region depending upon the number of vehicles.
In Goddemeier et al. (2012) and Le et al. (2012), the
collaborative UAVs communication was presented. They
discussed details of network dimension analysis based
on realistic aerial channel capacities deployment. An
optimal communication chain using a team of unmanned
aircraft was proposed by Tan et al. 2012 to improve and
optimize the communication capacity. They reported that
the RSS values were affected by the dynamic changes in
the RF environment. However, this issue can be solved by
taking multiple signal measurements. Hence, in our work,
we would like to consider multiple signal measurement
using the anchor nodes and mobile nodes to deal with the
variation of measured RSSIs value due to constraint arise
from multipath fading and shadowing in a Non-Light-of-
Sight (NLOS) environment.

PROPOSED METHOD

In order maintain accurate wireless communication link,
the nodes signal and network testing are crucial to avoid
losing contact between agents. Therefore the issues are
discussed as follows:

DECENTRALIZED COOPERATIVE BLIMP SYSTEM

As illustrated in Figure 1, the WSN nodes will be integrated
with the blimp system attached with several devices such as
sensor, actuator, controller and power supply. The wireless
communication between agents relies on Xbee s2 with
2.4 GHz frequency. The development of the blimp can be
found in [34]. As mentioned before, the RSSI technique
will be used on 3 mobile nodes with speed of 2 m/s. We
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use the same agent module for 3 moving nodes. In order to
analyze the multi agent data exchange capability, we have
considered several environments indoor, under building,
outdoor surround with building and outdoor. The agent‘s
were named Agents 1,2 and 3. These agents will also be
able to retrieve the RSSI value from available fixed link to
help achieve accurate localization (Figure 2).

Note that the agents were able to retrieve the RSSI
value between them. This networking concept is called
complex point to multipoint network. The agents are set
to be a router.

RSSI METHOD

The basic idea of RSST method lies on measuring the
received signal strength (RSS) for each receiving data
packet from Zigbee nodes. The RSSI value was read via
Application Programming Interface (API) command. For
our device, the signal levels were in -0 to -104 dBm, where
the -104 dbm represent the poorest signal value. In order
to acquire the RSSI value, there are two types of method,
using the Xbee module to obtain the pulse width modulated
signal or via AT or API command.

In order to acquire a reliable wireless connection,
many parameters need to be considered such as the receiver
sensitivity, transmitter output, signal frequency and signal
propagation environment (Farahani 2008). For generic
practical scenario, such as inside a building, in an area
surrounded by building and trees where the precedent free-
space is not sufficiently accurate enough, the transmitted
signal will be absorbed, reflected, scattered and diffracted
when blocked by obstacles. All these incidents will affect
the signal power.

P, =P - 10xnx log (f) — 10xnx log, d) +
39xn — 32.44

(b)

FIGURE 2. Blimp concept (a) Networking concept for mobile node (b) Envelope (c) Gondola
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where P represent the signal power (in dBm) at distance
d. After the blimp read the RSSI value from the nodes, the
average measurement will be determined. The blimp will
calculate the distances between nodes and the distances
will be used for localization purposes as shown in Figure 3.
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FIGURE 3. Localization via RSSI flow chart

NETWORKING FORMATION

There are three scenarios for location estimation:
centralized, sectioned and distributed. We have considered
to use the sectioned method in our system where this
method is to divide network into sections and allocate a
node capable of executing the localization algorithm for

each section. The main advantage of this method is to
overcome the traffic bottleneck of centralized processing
and only the mobile node (the processing node) will
determine its position. In this case, only the mobile
platform will communicate thus minimize the fix nodes
capability (e.g. hardware processing power and memory)
compared to the distributed location where each nodes
need to determines its own location.

In this work, the nodes formation was inspired by the
water particles and bee comb as shown in Figure 4(a)-4(b)
(Emoto 2007). The networking processing node in the
sectioned approach was based on water molecule, H,0
concept containing 2 anchor node representing hydrogen
atom and 1 mobile node representing 1 oxygen atom. When
we deploy 3 mobile nodes, the most effective shape for
anchor node was the hexagon. This hexagonal structure
also provides the efficient area coverage compared to
other shapes such as triangle, square and circle. The nodes
formation was illustrated in Figure 4(c)-4(d). In order to
cover large networking area, the hexagonal coverage with
the shape of bee comb formation will enables efficient link
throughout the navigation area. The distances between fix
nodes will depend on the wireless nodes coverage.

A computer simulation was conducted to verify
the proposed cooperative system and performances on
each mobile localization task. In this simulation, we will
consider the hexagonal, square and triangle formation.

RESULTS

In this section, the performances of the proposed method
are demonstrated through simulation and experiment.

EXPERIMENTAL VIA RSSI

The RSSI value produce by the device varies depending on
the operating environment; indoor, outdoor, LOS and NLOS
will produce the different effects of signal wavelength.
In order to understand the problem, we have completed
several experiments to study the power signal behavior
over the distance. We have performed an experiment using
the Zigbee RF module by Digi international, model Xbee2
2mW Chip antenna.

In this experiment, wireless devices were tested on
various environments; 16 distances point were considered.
Each distances measurement was repeated ten times. The
testing were conducted in 3 scenario: Outdoor, Indoor (LOS)
and Indoor (NLOS). The performances of the device were
illustrated in Figure 5(a)-5(c). In each plot; the diamond
indicates the power signal value received via RSSI and the
red line indicates the deviation of the samples taken where
0 denoted as standard deviation. We can observe that in
each figure, the plot was similar and display a decrease
value of RSSI value over distances. This trend indicates
that the measured signal weakens as the distance became
greater, thus verify the reasonable result based on the path-
loss equation trend. However, the capture signal variation
depends on the path loss exponent of the environment.
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FIGURE 4. Network formation (a) Natural formation: Water particle (b) Bee comb
(c) System node arrangement and (d) Bee comb anchor node arrangement

As illustrated in Figure 5(a), the case of free space
(outdoor with LOS), the collected sample deviations are
small approximately 1~5% from the average value. The
R? value of 0.9655 indicates that the output fits the real
data well. Figure 5(b)-5(c) shows the indoor results, the
sample deviations were approximately 0~3% from the
average value with R? value of 0.8927. This indicates that
although the deviations were small, the sample suffered
from greater signal loss. This showed that transmitted
signal were affected by obstructed path thus reduce the
signal propagation efficiency. Moreover, Figure 5(c)
also supports the claim in denser environment with NLOS
characteristic. The overall deviation was approximately
0~5.7% greater than previous data with R? of 0.8571 less
than indoor with LOS setup.

In order to use data for localization purposes, the
average values were used. The results are reasonable
due to regression analysis that shows the R? value were
0.9647 shows good data fits. Figure 6 shows the results
for average value based on 7 samples of data. We also
analyze the error percentage based on path loss equation
as shown in Figure 7 where el represent outdoor error, e2
represent indoor and e4 represent average value. It can
be concluded that the outdoor scenario contributed to the
lowest error percentage approximately 5% compared to
Indoor. However, the indoor with NLOS contribute to the

highest error approximately 7% compared to the references
value.

SIMULATIONS- NETWORK FORMATIONS

In order to set the network density and selecting the
optimize networking; we have performed an analysis using
Senelex. The algorithm is simulated in Matlab 7.0™ using
the Senelex provided by the University of Ohio [37-39].
Three different topologies are considered in the network’s
coverage area of 200 x 200. The selected network topology
is a square, triangles and hexagonal. The RSSI value used
were average connectivity values based on the collected
sample. The received signal strength parameters are
reference distance, power at reference distance, PO =40
dBm, path loss exponent, n =2 and standard deviation of
noise sigma = 6 dB. The anchor and mobile node formation
results were shown in Figure 8 where [ representing
anchor node and ® representing the mobile node.

The proposed cooperative blimp system positions
which represent the mobile node were shown in Table 1.
This mobile node will required an anchor node formation
for localization purposes. Therefore, we have tested the
formation as mentioned. The performances of node using
four formations are shown in Table 2. Figure 8 shows the
detail networking formation of nodes estimation for a
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TABLE 1. Mobile node location (m,,m,,m,)

1 2 3
Mobile nodes
X 245.18 27048 229.52
y 242.88 163.11 167.38
0 138.60 71.59 110.38

‘s' ¥ ”I,7
m3 ' ‘ m2

FIGURE 8. Network formation (a) Hexagon fix node sample (b) Hexagon (c) Square (d) Triangle
and (e) Simple: one mobile node with two anchor node
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TABLE 2. Mobile node location

Shape Simple Hexagon Square Triangle
Mobile node 1 3 3 3
Anchor node 2 6 4 3
Average absolute position error(m) 49.70 7.03 10.41 11.71
Samples 317 249 303 365

number of repeating samples with RSSIdata and time. The
accuracy of the nodes formations were evaluated by the
average absolute position error. The maximum likelihood
method was used to compute the estimated node position.
The error was determined by calculating the true position
with estimated positions of nodes based on the received
signal strength model. The log-distance path loss and log
shadowing were considered. Referring to the result for
minimum shape consisting of 1 mobile node with 2 anchors
node, the average absolute error in the result was 49.70
with data samples of 317 sets. It can be seen that with fewer
nodes were in the area, with localization method resulting
in poor results.

The main idea was to propose the hexagonal shape
to the node allocation for an area for 1 sampling interval
by this mobile node. From the analysis, the hexagonal
shape gave quite good results of average absolute position
error = 7.03 for data sample of 249 set. The square shape
contributes to 10.41 where it represented 48% of error
compare to hexagon. Whereby the triangle = 11.71
represent 67% of error compared to hexagon. Therefore,
the hexagon shape gives the best solution compared to
other. This shape also claims to be the second efficient
shape compared to circle but better in terms of area
coverage. It also introduces to more compact network area
and able to compensate with poor signal problems due to
6 anchor node availability in one-sample time.

CONCLUSIONS AND FUTURE WORK

This paper describes the wireless sensor network for
cooperative multi agent blimp system. These inter robot
and beacon communication network must enable the robot
to localize itself. The devices were tested experimentally
and verify the proposed concept. It was demonstrated here
that the device selected produce the desired RSSI value
to be used in localization purposes. However, the signal
accuracy depends on the path loss value in an environment.
To enable the cooperative multi blimp system, the
decentralized system needs to have good arrangement of
anchor node/beacon to help the localization and strengthen
the communication between agents. Therefore, the
Senelex was used to analyze the proposed arrangement
thus proposed good network density on the node. Based
on the simulation result, the hexagon shape showed a low
value of position error compared to the square and triangle.
This shape also has good area coverage with minimum
overlapping compared to circle.

Future work will focus on the hexagonal networking
arrangement and multi robot localization algorithms. The
optimize localization algorithms will also be considered
in terms of accuracy of mobile robot localization and data
reliability.

ACKNOWLEDGMENTS

The authors would like to thank the Ministry of Science,
Technology and Innovation (MOSTI), e-Science 305/
PELECT/6013410, Ministry of Higher Education (MOHE),
Malaysia, Universiti Sains Malaysia and Universiti Tun
Hussein Onn Malaysia for supporting the research. We
would also like to thank anonymous reviewers for their
comments and suggestion.

REFERENCES

Ahmed, S H., Bouk, S.H., Mehmood, A., Javaid, N. & Iwao,
S.2012. Effect of fast moving object on RSSI in WSN: An
experimental approach. Emerging Trends and Applications in
Information Communication Technologies Communications
in Computer and Information Science 281: 43-51.

Ahn, H., Lee, Y-H., Cho, Y-H., Rhee, S-B. & Lee, J-H. 2012.
A RSSI-based approach for localization of wireless sensor
network in indoor. Proceedings of the International
Conference on IT Convergence and Security 2011. Lecture
Notes in Electrical Engineering 120: 123-127.

Akyildi, ILF., Wang, X.D. & Wang, W.L. 2005. Wireless mesh
networks: A survey. Computer Networks 47: 445-487.

Akyildiz, I.F., Su, W., Sankarasubramaniam, Y. & Cayirci,
E. 2002. Wireless sensor networks: a survey. Computer
Networks 38: 393-422.

Ash, J. Sensor Network Localization Explorer Retrieved from
http://www2 ece.ohio-state.edu/~ashj/localization/. Access
on 25 January 2012.

Baronti, P., Pillai, P., Vince, W.C., Chook, Chessa, S., Gotta, A.
& Fun, H.Y. 2007. Wireless sensor networks: A survey on
the state of the art and the 802.15.4 and ZigBee standards.
Computer Communications 30(7): 1655-1695.

Chaurasia, S. & Payal, A. 2011. Analysis of range-based
localization schemes in wireless sensor networks: A statistical
approach. Advanced Communication Technology (ICACT).
pp. 190-195.

Cione, J.J., Uhlhorn, E.W., Cascella, G., Majumdar, S J., Sisko,
C., Carrasco, N., Powell, M.D., Bale, P., Holland, G.,
Turlington, P., Fowler, D., Landsea, C.W. & Yuhas, C.L.
2008. The first successful unmanned aerial system (uas)
mission into a tropical cyclone. In Proc. AMS 12th Conf.
I0AS-AOLS. pp. 25-30.

Dang, P., Ballal, P. & Lewis, F.L. 2008. Real time relative and
absolute dynamic localization of air-ground wireless sensor



networks. Journal of Intelligent and Robotic Systems 51(2):
235-257.

Dixon, C. & Frew, E.W. 2012. Optimizing cascaded chains of
unmanned aircraft acting as communication relays. /EEE
Journal on Selected Areas in Communications 30(5): 883-
898.

Emoto, M. 2007. The Hidden Messages in Water. New York:
Beyond Words Publishing.

Erdogan, S.Z. 2010. Mobility monitoring by using RSSI in
wireless sensor networks. Recent Trends in Networks and
Communications in Computer and Information Science 90:
572-580.

Farahani, S. 2008. ZigBee Wireless Networks and Transceivers.
New York: Elsevier Ltd.

Flight International. US Navy revives airship interest after 50-
year gap. http://www flightglobal.com/news/articles/us-navy-
revives-airship-interest-after-50-year-gap-315912/. Accessed
on 3 February 2013.

Goddemeier, N., Daniel, K. & Wietfeld, C. 2012. Role-based
connectivity management with realistic air-to-ground
channels for cooperative UAVs. IEEE Journal on Selected
Areas in Communications 30(5): 951-963.

Guibin, Z., Qiuvhua, L., Peng, Q. & JiuZhi, Y. 2010. A GPS-free
localization scheme for wireless sensor networks. /2th IEEE
International Conference on Communication Technology
(ICCT). pp. 401-404.

Guogqing Xia & Corbett, D.R.2004. Cooperative control systems
of searching targets using unmanned blimps. Fifth World
Congress on Intelligent Control and Automation, WCICA
2004 2: 1179- 1183.

Hada, Y., Takizawa, O., Kawabata, K., Kaetsu, H., Kohno, T.,
Nakadate, M. & Asama, H. 2008. Information acquisition
using intelligent sensor nodes and an autonomous blimp.
SICE Annual Conference. pp. 988-991.

Hara, S. & Anzai, D. 2008. Experimental performance
comparison of RSSI- and TDOA-based location estimation
methods. IEEE VTC. pp. 2651-2655.

Wang, J., Ghosh, R K. & Sajal K. Das. 2010. A survey on sensor
localization. Journal of Control Theory and Applications
8(1): 2-11.

Kadir, H.A., Arshad, M.R. & Husaini, A.B. 2012. Modeling
and control analysis of URRG Monohull Blimp. Procedia
Engineering 41: 216-223.

Keith, W.S., William, E.G. & Paul, Y.O. 2005. Exploring
search-and-rescue in near-earth environments for aerial
robots. International Conference on Advanced Intelligent
Mechatronics. pp. 699-704.

Kutakowski, P., Calle, E. & Marzo, J.L. 2012. Performance
study of wireless sensor and actuator networks in forest fire
scenarios. Int. J. Commun. Syst. 26(4): 515-529.

Lawrence,D. & Mohseni, K. 2007. SensorFlock: A mobile system
of networked micro-air vehicles. 5th ACM Conf. Embedded
Netw. Sens. Syst. pp. 117-129.

Le Ny, J., Ribeiro, A. & Pappas, G.J. 2012. Adaptive
communication-constrained deployment of unmanned
vehicle systems. /[EEE Journal on Selected Areas in
Communications 30(5): 923-934.

Liao, L. & Pasternak, 1. 2009. A review of airship structural
research and development. Progress in Aerospace Sciences
45(4): 83-96.

Luca, P., Per, O. & Christopher, G. 2011. Micro- and nano-air
vehicles: State of the Art. International Journal of Aerospace
Engineering 2011: Article ID 214549.

137

Maalej, M., Besbes, H. & Cherif, S. 2012. A cooperative
communication protocol for saving energy consumption in
WSNs. Third International Conference on Communications
and Networking, ComNet. pp.1-5.

Maza, 1., Caballero, F. & Capitdn, J. 2011. Experimental results
in multi-UAV coordination for disaster management and
civil security applications. J. Intell. Robot Syst. 61: 563-585.

Merino, L., Caballero, F., Martinez-de Dios, J R., Ferruz, J. &
Ollero, A.2006. A cooperative perception system for multiple
UAVs: Application to automatic detection of forest fires.
Journal of Field Robotics, Special Issue: Special Issue on
Uninhabited Aerial Vehicles 23(3): 165-184.

Mohamed, H., Lee, M.H., Sarahintu, M., Salleh, S. & Sanugi,
B. 2009. Application of Taguchi’s design of experiment in
performance analysis of destination sequence distance vector
(DSDV) routing protocol. Sains Malaysiana 38(3): 423-428.

Park, J., Kang, S., Lee, W. & Kim, S. 2012. A Study of indoor
positioning algorithm to secure WLAN RSSI reliability.
Embedded and Multimedia Computing Technology and
Service Lecture Notes in Electrical Engineering 181: 525-
533.

Pataki, N., Ash, J.N., Kyperountas, S., Hero III, A.O., Moses,
R.L. & Correal, N.S.2005. Locating the nodes: Cooperative
localization in wireless sensor networks. Signal Processing
Magazine, IEEE 22(4): 54-69.

Rahman, M.S., Park, Y. & Kim, K.D. 2012. RSS-based indoor
localization algorithm for wireless sensor network using
generalized regression neural network. Arabian Journal for
Science and Engineering 37(4): 1043-1053.

Shaw,A. & Mohseni, K. 2011. A fluid dynamic based coordination
of a wireless sensor network of unmanned aerial vehicles:
3-D simulation and wireless communication characterization.
1EEE Sensors Journal 11(3): 722-736.

Tan, G.Y., Arshad, M .R. & Kadir, H.A. 2012. Twin-hull URRG
blimp control for low altitude surveillance application. Trends
in Intelligent Robotics, Automation, and Manufacturing,
Communications in Computer and Information Science
330: 176-182.

Tian Jing, Yi Shengwei, Yu Bing & Ma Shilong. 2010. Study
on wireless sensor networks. International Conference
on Intelligent System Design and Engineering Application
(ISDEA) 2: 510-521.

Zheng,J.2011. The location of the WSN-Nodes based on RSSI.
Applied Informatics and Communication in Computer and
Information Science 224: 550-559.

Zheng,J. & Lee, M. 2006. A Comprehensive Performance Study
of IEEE 802.15 4. Piscataway, New Jersey: IEEE Press. pp.
1-14.

Pusat Pengajian Kejuruteraan Elektrik dan Elektronik
Universiti Sains Malaysia, Kampus Kejuruteraan

14300 Nibong Tebal, Seberang Perai Selatan, Pulau Pinang
Malaysia

*Corresponding author; email: herdawatieabdulkadir@gmail.
com

Received: 17 September 2013
Accepted: 4 May 2016



