
Research Article
Improved Grid-Scan Localization Algorithm for
Wireless Sensor Networks

Raghava Srinivasa Nallanthighal and Veeranjaneyulu Chinta

Department of Information Technology, DTU, Delhi, India

Correspondence should be addressed to Raghava Srinivasa Nallanthighal; nsraghava@gmail.com

Received 27 May 2014; Revised 28 July 2014; Accepted 4 August 2014; Published 10 September 2014

Academic Editor: Xiao He

Copyright © 2014 R. S. Nallanthighal and V. Chinta. This is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Localization is a fundamental and crucial service for various applications in wireless sensor networks (WSNs). In this paper an
improved grid-scan localization algorithm has been proposed. In the proposed algorithm, information about 1-hop, 2-hop, and
farther neighboring anchors has been collected that estimates the region using 1-hop anchors.Then, this estimated region is divided
into a grid array, finding valid grids using 1-hop and 2-hop anchors information. In addition to that the farther anchor information
further reduces the valid grids. The proposed algorithm achieves better location estimation accuracy than the existing grid-scan
algorithm.

1. Introduction

A wireless sensor network (WSN) consists of a number of
randomly arranged sensor nodes. Each sensor node is capable
of sensing and communicating with another sensor node in
the designed communication range. In WSNs some sensor
nodes have prior knowledge about their location which can
be obtained from hardware connected to such nodes. These
nodes are known as anchor nodes. The hardware may also
be a GPS system. The sensor nodes which do not have
knowledge about their location are called normal nodes.
Some of the applications of such WSNs are vehicle tracking,
target tracking, wildlife habitat monitoring, and disaster
management. These applications without the knowledge of
the location are absurd.

One of the methods to obtain the location of a normal
node is to connect the hardware to it. The WSNs consist of
several hundreds of sensor nodes. Hence, the overall cost
of WSNs increases. In some places GPS system cannot be
operated such as mines and indoor environment as there is a
problem in communication. To overcome the above problems
several localization algorithms were proposed. Localization
algorithms are classified into two categories: range-based
algorithms and range-free algorithms.The range-based algo-
rithms estimate the coordinates of nodes from pairwise

distances using special hardware. This hardware is used to
measure angle of arrival (AOA) [1], time of arrival (TOA)
[2], time of difference arrival (TDOA) [3], received signal
strength indicator (RSSI) [4], and so forth. The calculation
of distance or angle can be affected by multipath propaga-
tion and noise. Moreover, these algorithms need additional
devices to measure the angle or distance between sensor
nodes.

In range-free algorithms, the localization betweennormal
nodes is obtained through connectivity with the neighboring
sensors which do not require any additional hardware. This
significantly reduces the overall cost and energy consump-
tion. Some of these algorithms are the area based approach
(APIT) [5], centroid [6] DV based positioning (DV hop)
[7], the convex position estimation (CPE) [8], and Monte
Carlo localization (MCL) [9]. When in large scale, low-cost,
low-power consumption is considered range-free algorithms
which are superior to range-based algorithms. In localization,
both CPE and APIT algorithms use only 1-hop anchors.
Kim et al. [10] showed that the above range-free algorithms
suffer from high message transmission cost for collecting
connectivity information and high computational cost to
estimate the positions of normal nodes. Moreover, these
algorithms have shown a high estimate of localization error.
To improve the localization accuracy distributed range-free
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Figure 1: The flow chart for proposed algorithm.

localization scheme (DRLS) [11, 12] and grid-scan localization
(GSL) [13] are introduced within 2-hop distance. But the
former does not use 2-hop anchor nodes and the latter does
not use the farther anchor nodes.

In this paper, we proposed an algorithm which improves
the performance of the GSL algorithm by using the informa-
tion about 1-hop, 2-hop, and farther anchors. A 2-hop anchor
is defined as the anchor node covering normal nodes in 2-
hop range but not in 1-hop range. A farther anchor is defined
as the anchor node that does not cover the normal node but
covers the normal node’s estimated region in 2-hop range.

2. Proposed Algorithm

WSN consisting of 𝑛 sensor nodes and few 𝑚(𝑚 < 𝑛)
anchor nodes with unique identification is considered with
the transmission range of 𝑟 units. The proposed algorithm

(Figure 1) is mainly divided into four phases: collection of
anchor’s information, region estimation, a grid array (GA),
and evaluation.

2.1. Anchor’s Information. In this phase, initially each anchor
node collects information about the location and identifi-
cation of the anchor nodes within the 2-hop distance. The
information collected is known as anchor message through
2-hop flooding technique. Each normal node collects the
information about the location and identification of 1-hop
and 2-hop anchors and also collects anchor messages from
the 1-hop anchors. Finally, each normal node has the 1-hop,
2-hop, and farther anchor’s information.

2.2. Estimative Region. In this phase, we intend to get four
edges of the estimative region (ER) using 1-hop anchors. Each
normal node consists of N 1-hop anchors. A circumrectangle
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for each 1-hop anchor node whose center is anchor coor-
dinates of length and breadth (2 ∗ 𝑟) is drawn. The length
and breadth of the circumrectangle are parallel to 𝑥-axis and
𝑦-axis, respectively. The estimated point of normal node is
located in the overlapping region of all circumrectangles.The
coordinates of the estimative region (𝑥min, 𝑥max, 𝑦min, 𝑦max)
are found as follows:

𝑥min =
𝑁

min
𝑖=1

{𝑥
𝑖
− 𝑟} ,

𝑥max =
𝑁max
𝑖=1

{𝑥
𝑖
+ 𝑟} ,

𝑦min =
𝑁

min
𝑖=1

{𝑦
𝑖
− 𝑟} ,

𝑦max =
𝑁max
𝑖=1

{𝑦
𝑖
+ 𝑟} ,

(1)

where (𝑥
𝑖
, 𝑦
𝑖
) are coordinates of 1-hop anchors.

2.3. Grid Array. In this phase, we find grid array (GA) using
ER and grid scale (GS) parameter, where GS is the size of the
grid. Grid array is found as follows:

𝑚 = ⌊

(𝑥max − 𝑥min)

GS
⌋ ,

𝑛 = ⌊

(𝑦max − 𝑦min)

GS
⌋ .

(2)

If (𝑚 = 0when (𝑥max−𝑥min) < GS) or (𝑛 = 0when (𝑦max−
𝑦min) < GS) grid array size is zero. To avoid this situation, we
reduce the GS as GS/2 until we obtain 𝑚 ̸= 0 and 𝑛 ̸= 0. The
center of grid point represents the regional grid. 𝐺

𝑚×𝑛
is an

array of grid points found as follows:

𝐺
𝑖𝑗
= {𝑥min + (𝑖 −

1

2

) × GS, 𝑦min + (𝑗 −
1

2

) × GS} , (3)

where 𝑖 = 1 to𝑚 and 𝑗 = 1 to 𝑛.

2.4. Finding Valid Grids. In this phase, valid grid points and
estimated location of normal node have been found. The
validity of grid points is obtained by testing the distance
between the grid point and 1-hop, 2-hop, and farther anchors,
respectively. The validity of the grid is tested, if grid point
is within 1-hop range, for all 1-hop anchors, and within 2-
hop range, but not in 1-hop range, for all 2-hop anchors. In
addition to the above, farther anchors information is used
to further reduce the valid grids. If the considered anchor
is a farther anchor, but not a 2-hop anchor, the grid points
within 2-hop range were considered invalid. Otherwise, grid
is invalid, if grid points do not satisfy the above conditions.
After testing, we eliminate the invalid grids and find the
estimated location of normal nodes as the average of all valid
grids. Estimated location (𝑥

𝑒
, 𝑦
𝑒
) is found as follows:

(𝑥
𝑒
, 𝑦
𝑒
) = {

1

𝑁

𝑁

∑

1

𝑥
𝑖
,

1

𝑁

𝑁

∑

1

𝑦
𝑖
} , (4)

where𝑁 is the number of valid grids and (𝑥
𝑖
, 𝑦
𝑖
) are a set of

valid grid points.

3. Simulation Results

In this section, the proposed algorithm is simulated to
evaluate the performance and to compare it with GSL [13].
We simulated proposed algorithm inMatlab, with 200 sensor
nodes, which are randomly distributed in 100 × 100 unit
rectangular regions and each sensor node is assigned with
unique identification. We fixed a range (𝑟) of sensor node as
20 units and grid size as 0.1 ∗ 𝑟.

In our simulation we compared the error and accuracy of
estimated location.

Estimation error is found as follows:

Δ𝑒 = √(𝑥
𝑟
− 𝑥
𝑒
)
2
+ (𝑦
𝑟
− 𝑦
𝑒
)
2
,

Average Error Δ𝐸 = 1
𝑛

𝑛

∑

𝑖=𝑚+1

Δ𝑒
𝑖
,

Estimation accuracy:𝜌 = (1 − Δ𝐸
𝑟

) × 100%,

Anchor ratio = 𝑚
(𝑚 + 𝑛)

,

(5)

where𝑚 is the number of anchor nodes, n is the total number
of sensor nodes, (𝑥

𝑟
, 𝑦
𝑟
) is real position, and (𝑥

𝑒
, 𝑦
𝑒
) are

estimated position.

3.1. Comparison of Estimation Error. In this section, we have
shown the estimation error of the proposed algorithm and its
comparisonwithGSL algorithm. In both algorithms, number
of anchor nodes is 20.

Figure 2 shows the plot of normal node versus location
estimation error. For each normal node, the location estima-
tion error found by the proposed algorithm is less than or
equal to the existing GSL algorithm. The reason for a higher
accuracy is that the proposed algorithm uses 1-hop, 2-hop,
and farther anchor information in finding location estimation
error, whereas GSL algorithm uses only 1-hop and 2-hop
anchors.

3.2. Normalized Error. This section compares the normalized
error of the proposed algorithm with that of the GSL
algorithm. In both algorithms anchor nodes ratio changed
between 0.05% and 0.45%.

Figure 3 shows the plot of anchor ratio versus normalized
error. It is evident from Figure 2 that the normalized error
decreases with the increase of anchor ratio. When the anchor
ratio is very low (0.05), the proposed algorithm shows nearly
50% less normalized error than GSL algorithm. When the
anchor ratio has increased to 0.1, the normalized error by
proposed algorithm is 0.4, and by GSL algorithm it is 0.7.
When the anchor ratio varies between 0.3 and 0.45, the pro-
posed algorithm shows around 0.2 and GSL algorithm shows
around 0.4 normalized error.The above discussion shows that
the normalized error is less in a proposed algorithm when
compared to the existing GSL algorithm.



4 Journal of Engineering

0
0

5

10

15

20

30

25

Normal nodes
20 40 60 80 100 120 140 1660 180

Comparisons methods

Proposed method
Grid-scan

Es
tim

at
io

n 
er

ro
r

Figure 2: Normal node versus estimation error.
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Figure 3: Normalized error.

3.3. Accuracy. In this section, we have shown the accuracy
percentage of the proposed algorithm and its comparison
with GSL algorithm. In both algorithms anchor nodes ratio
changed between 0.05% and 0.45%.

Figure 4 shows the plot of anchor ratio versus percentage
of accuracy. It is evident from Figure 3 that the accuracy
percentage increases when the anchor ratio increases. When
the anchor ratio is very low (0.05), the accuracy percentage
by proposed algorithm is around 60%, and by GSL algorithm
it is around 25%. When the anchor ratio is increased to 0.1
the accuracy percentage by proposed algorithm is 70% and
by GSL algorithm it is 50%. When the anchor ratio varies
between 0.3 and 0.45, the proposed algorithm shows around
85% and GSL algorithm shows 70%. The above discussion
shows that the location estimation accuracy is better in a
proposed algorithm when compared to the existing GSL
algorithm.
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Figure 4: Anchor ratio versus accuracy (%).

4. Conclusion

In the wireless sensor networks, the sensor node localization
is essential for many applications. The grid-scan algorithm
(GSL) does not use the farther anchor’s information. Hence,
in our proposed algorithm we use the farther anchor’s
information besides 1-hop and 2-hop anchors. Initially, the
normal node collects the information of 1-hop, 2-hop, and
further anchor information. Secondly, proposed algorithm
uses 1-hop anchors to determine the estimated region (ER)
which is further divided into grid array according to the grid
scale. Then, we use 1-hop and 2-hop anchors information to
find the valid grids. In addition, for further improvement of
location accuracy, we use farter anchor information. Finally,
estimated location is the average of all valid grids. Simulation
results have shown that the proposed algorithm achieves
better location estimation accuracy than the existing GSL
algorithm.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

References

[1] A. Savvides, C.-C. Han, and M. B. Strivastava, “Dynamic
fine-grained localization in Ad-Hoc networks of sensors,” in
Proceedings of the Annual International Conference on Mobile
Computing (MobiCom ’01), pp. 166–179, July 2001.

[2] G. J. Pottie and W. J. Kaiser, “Wireless integrated network
sensors,” Communications of the ACM, vol. 43, no. 5, pp. 51–58,
2000.

[3] N. B. Priyantha, A. Chakraborty, and H. Balakrishnan, “The
cricket location-support system,” in Proceedings of the 6th
AnnualACM/IEEE International Conference onMobile Comput-
ing and Networking, pp. 32–43, August 2000.

[4] J. Hightower and G. Borriello, “Location systems for ubiquitous
computing,” Computer, vol. 34, no. 8, pp. 57–66, 2001.



Journal of Engineering 5

[5] T. He, C. Huang, B. Blum, J. Stankovic, and T. Abdelzher,
“Range-free localization schemes for large scale sensor net-
works,” in Proceedings of the 9th Annual International Confer-
ence on Mobile Computing and Networking (MobiCom ’03), pp.
81–95, 2003.

[6] N. Bulusu, J. Heidemann, and D. Estrin, “GPS-less low-cost
outdoor localization for very small devices,” IEEE Personal
Communications, vol. 7, no. 5, pp. 28–34, 2000.

[7] D. Niculescu and B. Nath, “DV based positioning in ad hoc
networks,” Telecommunication Systems, vol. 22, no. 1–4, pp. 267–
280, 2003.

[8] L. Doherty, K. Pister, and L. Ghaoui, “Convex position estima-
tion in wireless sensor networks,” in Proceedings of the IEEE
Conference on Computer Communications (INFOCOM ’01), pp.
1655–1663, 2001.

[9] A. Baggio and K. Langendoen, “Monte-Carlo localization for
mobile wireless sensor networks,” inMobile Ad-hoc and Sensor
Networks, vol. 4325 of Lecture Notes in Computer Science, pp.
317–328, 2006.

[10] T. Kim, M. Shon, M. Kim, D. S. Kim, and H. Choo, “Anchor
node-based distributed localization with error correction in
wireless sensor networks,” International Journal of Distributed
Sensor Networks, vol. 2012, Article ID 975147, 14 pages, 2012.

[11] J.-P. Sheu, J.-M. Li, and C.-S. Hsu, “A distributed location
estimating algorithm for wireless sensor networks,” in Proceed-
ings of the IEEE International Conference on Sensor Networks,
Ubiquitous, and Trustworthy Computing (SUTC ’06), vol. 1, pp.
218–225, June 2006.

[12] J.-P. Sheu, P.-C. Chen, and C.-S. Hsu, “A distributed localization
scheme for wireless sensor networks with improved grid-scan
and vector-based refinement,” IEEE Transactions on Mobile
Computing, vol. 7, no. 9, pp. 1110–1123, 2008.

[13] Z. Yan, Y. Chang, Z. Shen, and Y. Zhang, “A grid-scan localiza-
tion algorithm forwireless sensor network,” inProceedings of the
WRI International Conference on Communications and Mobile
Computing (CMC ’09), pp. 142–146, Yunnan, China, January
2009.



International Journal of

Aerospace
Engineering
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Robotics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Active and Passive  
Electronic Components

Control Science
and Engineering

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 International Journal of

 Rotating
Machinery

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation 
http://www.hindawi.com

 Journal ofEngineering
Volume 2014

Submit your manuscripts at
http://www.hindawi.com

VLSI Design

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Shock and Vibration

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Civil Engineering
Advances in

Acoustics and Vibration
Advances in

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Electrical and Computer 
Engineering

Journal of

Advances in
OptoElectronics

Hindawi Publishing Corporation 
http://www.hindawi.com

Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Sensors
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Modelling & 
Simulation 
in Engineering
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Chemical Engineering
International Journal of  Antennas and

Propagation

International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Navigation and 
 Observation

International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Distributed
Sensor Networks

International Journal of


