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1. INTRODUCTION

The rising research interest in the area of WSNs during the past years has enabled many innovative
and advanced applications [1]-[4]. These applications require precise location knowledge of sensors
sometimes within meters, and at other occasions within a few centimeters [5]-[6]. The algorithms pertaining
to localization of sensors are a fundamental focus of researchers and have lead to the development of various
positioning schemes in order to support multiple applications on a single wireless sensor network [7]-[13].
These schemes involve some special sensors termed as locators, anchors or beacons, they obtain their
locations either manually or through a positioning device and thereafter the locations of other sensors within
the network are estimated by interacting with these special sensors and information either related to distance,
range or angle is obtained [14]-[15]. The existing schemes provide services, privileges and trust towards the
design of WSNs [16-17], but unfortunately fail to broadly highlight issues related to the localization error in
WSNs [18]-[20]. This paper presents a modification to the existing HiRLoc scheme [19] assisted by single
beam directional antenna for reducing the average localization error. The average localization error for
centroid [18] and Secure Range Independent Localization (SeRLoc) [21]-[22] scheme is also evaluated.
Simulation results show that the proposed scheme outperforms the above discussed schemes and offers more
number of sensors to estimate their positions with less average localization error.

The remainder of the paper is organized as follows. In Section 2, we discuss the assumptions for our
network and directional antenna model. Section 3 presents the modified algorithm. Simulation results of the
proposed scheme and comparison of its performance with other existing schemes are presented in Section 4.
Section 5 concludes the paper.

2. ASSUMPTIONS
This section describes the assumptions for the proposed scheme in terms of network model and the
directional antenna model.
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2.1 The Network Model

We assume that sensor nodes N, with a density ps are randomly deployed at unknown locations within
an area A. We also assume that directional antenna equipped special nodes L, with a density p, called as
locators are also deployed and ps > p.. The deployment of the locators is modeled on fixed positions and the
deployment of sensors is modeled randomly over an area A. The locators are static with known locations and
have single directional communication range and no obstructions are present in the network. The network
model is shown in Figurel.

500 meters

Width

Length= 500 meters

Figure 1.The Grid based network model with eight locator nodes

2.2 The Antenna model

Locators equipped with directional antennas are able to transmit simultaneously and have radiated
power W, with a directive gain Gy > 1. They can vary their transmission range from zero to a maximum value
Rmax further we assume that locators can change their antenna direction, either through changing their
orientation or rotating their directional antennas. Sensor nodes inside the boundary of region of intersection
(ROI) are only considered for position estimation and calculation of average localization error.

3. THE MODIFIED ALGORITHM

We consider a set of sensors N and N < ROI, let LHs denote the messages heard by the sensor N;
during the transmission. By collecting beacon messages from the set of locators L,.; the sensors can obtain
their location (within an area rather than on a single point) inside the ROI of two locators. In the proposed
modification, we assume that a sensor only receives beacon messages from locator and does not receive
messages from its neighboring sensors. The sensors that lie in the ROI of two locators can receive beacon
message only from their respective locators, where as the sensors that lie outside the ROI are unable to
receive the message. The location estimation of sensors is based on beacon information transmitted from a
set of locators outfitted with single beam directional antennas. The single beam directional antenna
concentrates its energy only in a particular direction and reduces interference of surrounding environment to
increase the localization accuracy of sensors that lie within the ROI [23]. The locator transmits in a particular
direction with directed gain, Gy.

Anp(0,y)

Gd(gil//): J‘¢da

M

Gy is a function of angles @ andy , with @(8, ) specified as radiation intensity in a particular direction.
The orientation of the directional antenna is denoted as a. If the main lobe of directional antenna is towards a
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specified direction its radiation pattern can be approximated considering the locator at the center. Hence Ggq
also depends on the radiated power W,

Gy (0.) =720V

)
Wr
The radiated power is a function of solid angle d€2 and can be obtained as,
A74(0,
G, (0,p) = ZHOV) 3)
I wdQ
According to (3), dQ2 for a directional antenna is calculated by,
ds
dQ= @

R?

The elemental surface area, ds is constant and R is considered as the transmission range of the locator. Since
the ROI indicates the confined region where the sensors are tracked, therefore reducing the size of the ROI
leads to a decrease in average localization error. We can precisely reduce the size of the ROI by reducing R

of the locators having a fixed position on a grid. Hence the average localization error LE . that depends on

the real coordinate X and estimated coordinate X; for the sensors that lie inside the boundary of the ROI as
shown in (5).

e x—x|]
LE = — S I il
NZ R

i=1

(®)

Algorithm 1 presents the steps of the modified HiRLoc scheme.

Algorithm 1 Modified HiRLoc Scheme

1. Select locators Ly.; with single beam directional antennas

2. Deploy locators over grid, such that L7 € LHs

4. Deploy sensor nodes in network area, A

5. define locator node antenna orientation = ¢, locator range = Rand directed gain = G4

6. Estimate ROI for all locator nodes

7. Compute sector intersection for number transmission rounds if any

8. if position of nodes N € ROI is estimated then calculate average localization error LE with respect to X and X;, the coordinates
else, go to step 5 end if

9. Position of sensor nodes is estimated

The position of locators in our proposed scheme is fixed over a grid, these locators can periodically broadcast
beacon message including their current locations. It is obvious that the sensors compute their individual
locations by listening to the beacon information sent by each locator. By means of all of the beacons that a
sensor detects, the sensor computes an approximate location based on the coordinates of the respective
locators that form an overlapping region. The final computed location for the sensors is therefore the ROI
where they lie.

4. RESULTS AND DISCUSSION

In this section, we discuss the simulation results of our proposed scheme and compare the results
with centroid, SeRLoc and HiRLoc schemes. The impact of single beam directional antenna on the locators
deployed over a grid was evaluated for reducing the average localization error in the modified scheme. Table
1 highlights the simulation parameters. The simulations are performed on Wireless Sensor
Network Localization Simulator v1.1 [24].
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Table 1.Simulation Parameters

Parameter Value

Network Area 500m x500m
Locator radio range 250 m
Beacon radio range 40m
Locator beam width 45°

Beacon nodes 50
Number of locators 8

Sensor nodes 200

Figure 2 shows the variation in the number of nodes versus the average localization error for the centroid
scheme. It was observed that most of the nodes remained unlocalized, and the average localization error was

high.

Centroid Scheme

I )
Number of nodes.

—e— Average Localzation Eror
—e— Number of Nodes

Figure 2.Number of nodes Vs Average localization error for Centroid scheme

The simulation results of the SeRLoc scheme show that the sensor nodes localize with higher accuracy
compared to the centroid localization scheme. Figure 3 shows the performance of the SeRLoc scheme which

is secure against varying sources of localization error.

SeRLoc Scheme
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Figure 3.Number of nodes Vs Average localization error for SeRLoc scheme.
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Figure 4 refers to the results of a robust and secure scheme, HiRLoc. The performance of this scheme offers
more accurate results compared to centroid and SeRLoc schemes in terms of average localization error.

HiRLoc Scheme

0 }
—e— Average localization error
—=— Number of Nodes
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s

Figure 4.Number of nodes Vs Average localization error for HiRLoc scheme.

The position estimation accuracy for the modified HiRLoc scheme is shown in Figure 5.

Modified HiRLoc Scheme
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Figure 5.Number of nodes Vs Average localization error for modified HiRLoc scheme.

The increase in accuracy offers reduction in average localization error due to the locators outfitted with single
beam directional antennas deployed over the grid experience a decrease in transmission range R, and estimate
closer if ROl is reduced. The localization of sensors is more accurate because the distance difference between
the estimated position and the real position of a sensor node is less. The proposed scheme has relevance if
locators are distributed over a fixed position on a grid, and the ROI for each locator is obtained through the
pattern of the single beam directional antenna outfitted on it to arrive at a precise calculation for estimating
the position of sensor nodes. The locators are authorized and know their true positions on the grid it is easy
for them to estimate the position of other stationary sensor nodes that lie within their ROI. Table 2 provides
comparison of the proposed modified scheme with other existing schemes discussed in this paper for the
same order of computational complexity.The average localization error calculated for the proposed modified
scheme is less; the modified scheme also allows more number of sensor nodes to estimate their positions. The
only drawback that is observed in our proposed scheme is with respect to the execution time, which is on the
higher side as compared to other schemes.
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5.

Table 2.Comparison among discussed localization schemes

Modified HiRLoc SeRLoc Centroid

Observations HiRLoc scheme scheme scheme scheme

Execution  time(ms) 125 31 93 27

Average localization

351 3.6 42.21 142.18
error(m)

Number of nodes with

estimated positions 45 5 19 32

CONCLUSIONS

In this paper, we modified the HiRLoc scheme to locate the sensor nodes with consistently less
average localization error. The modified scheme utilized the effectiveness of a single beam directional
antenna and increased the localization accuracy with less number of locators placed at known locations
on a grid. The simulation results show that the modified scheme offers better results for location
estimation. The steps of the proposed algorithm are very simple and comparable to other global range
free localization schemes. Our simulation studies confirmed that reducing the transmission parameters
for the locators placed at a fixed reference points leads to better location estimation of more number of
sensors with less average localization error. The suggested scheme can be implemented for information
access in multiple applications support [25] for WSNs as a future extension to this work.

REFERENCES

[1] A. Spinosi, M.M.R. Mozumdar, S. Olivien and L. Lavagno, “An Extended Framework for Wireless Sensor
Network Applications,” IEEE Consumer Communications and Networking Conference, pp.965-966, 2011.

[2] Z. Sun, P. Wang, M.C. Vuran, M.A. Rodhaan, A.M. Dhelaan and I.F. Akyildiz, “Border Sense: Border Patrol
though Advanced Wireless Sensor Networks,” Adhoc networks Journal, vol.9, no.3, pp. 468-477, 2011.

[3] T. Melodia, D. Pompili and I.F. Akyildiz, “Handling Mobility in Wireless Sensor and Actor Networks,” IEEE
Transactions on Mobile Computing, vol. 9, no. 2, pp. 160-173, Feb. 2010.

[4] Ramjee Prasad. Third Generation Mobile Communication Systems, Artech House Universal Personal
Communications Library.ISBN-10: 1580530826, 2000.

[5] J. Jeong, S. Guo, T. He and D.H.C. Du, “Autonomous Passive Localization Algorithm for Road Sensor
Networks,”|[EEE Transactions on Computers, vol.60, pp.1622-1637, 2011.

[6] L. Cheng, C. D. Wu and Y. Zhou Zhang, “Indoor Robot Localization based on Wireless Sensor Networks,”
IEEE Transactions on Consumer Electronics, vol.57, pp.1099-1104, 2011.

[7] S.Tobgay, R. Olsen, L. Rasmus and R. Prasad, “Architecture for running multiple application on a single
wireless sensor network: a proposal,” 1 st International Conference on Advances in Computing and
Communication. Springer, pp. 37-45, 2011.

[8] L. Zhiwei and W. Wang, “Node Localization through Physical Layer Network Coding: Bootstrap, Security and
Accuracy,” Ad-Hoc Networks, pp.1267-1277, 2012.

[91 W. Yong, “Localization in Wireless Sensor Networks via Support Vector Regression,” Genetic and
Evolutionary Computing, pp. 549-552, 2009.

[10] A. Pal, “Localization Algorithms in Wireless Sensor Networks: Current Approaches and Future Challenges,”
The Journal of Macrothink Institute Network Protocols and Algorithms, vol.2, no.1, pp. 45-74, 2010.

[11] T. He, C. Huang, B. Blum, J. Stankovic and T. Abdelzaher, “Range Free Localization Schemes in Large Scale
Sensor Network,” Proceedings of MOBICOM, pp. 81-95, 2003.

[12] Boukerche, A. Oliveira, E.F. Nakamura and A.A.F. Loureiro, “Localization Systems for WSN,” IEEE Wireless
Communication, vol.14, pp. 6-12, 2007.

[13] D. Nicolescu and B. Nath, “Ad-Hoc Positioning Systems (APS),” Proceedings of |IEEE GLOBECOM, vol. 5,
pp. 2926-2931,2011.

[14] S. Guolin, C. Jie, G. Wei and K.J.R. Liu, “Signal processing techniques in network-aided positioning: a survey
of state of the art positioning designs,” IEEE Signal Processing Magazine, vol.22, no. 4, pp. 12-23.2005.

[15] P. Deng and P.Z. Fan, “An AoA assisted ToA positioning system,” In Proceedings of International Conference
on Communication Technology, pp. 1501-1504,2000.

NINS Vol. 2, No. 2, April 2013 : 183 —189


http://www.amazon.com/Ramjee-Prasad/e/B001J91BPO/ref=ntt_athr_dp_pel_1
http://vbn.aau.dk/en/persons/sonam-tobgay(7d8a2a3d-b1a9-4211-87aa-6a81921dce60).html
http://vbn.aau.dk/en/persons/rasmus-loevenstein-olsen(f4053be4-ecf9-4bb1-a2ba-2076ced2b616).html

1JINS ISSN: 2089-3299 a 189

[16] B. Bhuyan, H. Kumar, N. Sarma, A. Kar and R. Mall, “Quality of Service Provisions in Wireless Sensor
Networks and Related Challenges,” pp.861-868, 2010.

[17] M. Alameen and K. Supkwak, “Social Issues in Wireless Sensor Networks with Healthcare Perspective,” The
International Arab Journal of Information Technology, vol. 8, no.1, pp.52-58, 2011.

[18] M.C. Vuran, and LF. Akyildiz, “Error Control in Wireless Sensor Networks: A Cross Layer
Analysis,” IEEE/ACM Transactions on Networking, vol. 17, no. 4, pp. 1186-1199, 2009.

[19] L. Lazos and R. Poovendran, “HiRLoc: High Resolution Robust Localization for Wireless Sensor
Networks,”|IEEE Journal on Selected Areas in Communications, vol.7, no.5, pp. 28-34, 2000.

[20] N. Bulusu, J. Heidemann and D. Estrin. “GPS less low cost Outdoor Localization for very Small Devices,”
IEEE Personal Communication Magazine, vol.7, no.5, pp.28-34.2000.

[21] L. Lazos and R. Poovendran, “SerLoc: Robust Localization for Wireless Sensor Networks,” ACM Trans.
Sensor Network, vol.1, no.1, pp.73-100, 2005.

[22] J. Jiang, G. Han, C. Zhu, Y. Dang and N. Zhang, “Secure Localization in Wireless Sensor Networks: A
Survey,” Journal of Communication, vol.6, no.6, pp. 460-470, 2011.

[23] C.H. Ou, “A Localization Scheme for Wireless Sensor Network with Directional Antennas,” IEEE Sensors
Journal, vol.11, pp. 1607-1616, 2011.

[24] http://mww.codeproject.com/Articles/225536/Wireless Sensor Network Localization Simulator-v1.

[25] S. Tobgay, R. Olsen, L. Rasmus, R. Prasad, “Adaptive Information Access in Multiple Applications Support
Wireless Sensor Network.” In 8th International Symposium on Communication Systems, Networks & Digital
Signal Processing (CSNDSP), pp. 1-4, 2012.

BIOGRAPHY OF AUTHORS

Tarun Dubey is currently pursuing his Ph.D. from Department of Electronics and
Communication Engineering, National Institute of Technology, Kurukshetra, India. His
research interests include wireless sensor networks, digital communication and electronic
war fare systems.

O.P. Sahu is presently working as Professor and Head in Department of Electronics and
Communication Engineering, National Institute of Technology, Kurukshetra, India. He has
more than 65 papers in his credit in various national and international conferences and
journals. His research interests and specialization areas include signal and systems, digital
, N signal processing, communication engineering and fuzzy systems.

Directional Antenna Assisted Scheme to Reduce Localization Error in Wireless... (T. Dubey)


http://www.codeproject.com/Articles/225536/Wireless%20Sensor%20Network%20Localization%20Simulator-v1
http://vbn.aau.dk/en/persons/sonam-tobgay(7d8a2a3d-b1a9-4211-87aa-6a81921dce60).html
http://vbn.aau.dk/en/persons/rasmus-loevenstein-olsen(f4053be4-ecf9-4bb1-a2ba-2076ced2b616).html
http://vbn.aau.dk/en/publications/adaptive-information-access-in-multiple-applications-support-wireless-sensor-network(6d2d61a1-2951-40e2-9ee3-fa26fccfa454).html
http://vbn.aau.dk/en/publications/adaptive-information-access-in-multiple-applications-support-wireless-sensor-network(6d2d61a1-2951-40e2-9ee3-fa26fccfa454).html

