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Abstract: Localization is an important topic in the wireless sensor networks (WSN) because sensor nodes are 
randomly scattered over a region and can get connected into a network on their own. In this paper, we proposed 
an adaptive DV-HOP location algorithm using anchor-density-based clustering for wireless sensor networks. 
First, we select the maximum core density anchor node as head to reduce regional distance error; second, we 
divide cluster into different grade according to the number of anchor nodes and unknown nodes in each cluster; 
last, we use different method to locate unknown position for high-density cluster, low density cluster and sparse 
density cluster. The algorithm does not change the basic orientation of the traditional DV-Hop algorithm 
process, does not require additional hardware support and performs efficiently in regular as well as irregular 
network topologies. Simulation shows that the localization accuracy of the proposed algorithm is better and the 
communication overhead is lower than the traditional DV-HOP algorithm. Copyright © 2013 IFSA. 
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1. Introduction 
 

Recent advances in wireless communications and 
electronics have enabled the development to flow-
cost, low-power, multifunctional sensor nodes that 
are small in size and communicate in short distances 
[1]. A sensor network is a wireless network 
composed of a large number of sensor nodes that are 
densely deployed in a field. A sensor node is a small 
device which has sensing, computing and 
communicating capabilities. It collects environmental 
data, processes the sensed data, and transmits them to 
other sensor nodes via wireless channels [2]. Sensor 
nodes tag their observations with their location 
information and such information is critical for 
illustrating a representative picture of the monitored 
environment. 

Localization of sensor nodes has been an active 
research area in WSNs. Position information of nodes 
is a vital requirement in many WSN applications 
including monitoring, tracking and geographic 
routing [3]. But in WSNs, node positions may not be 
known prior to or at the time of deployment. The 
process of estimating the unknown node positions 
within the network is referred to as localization. The 
limited power supply, size and cost considerations in 
sensor networks may prohibit the use of a GPS [4] 
(Global Positioning System) module at each sensor 
node. Therefore, it is often the case with a general 
assumption that the positions of some nodes (called 
anchors), are known, so that it is possible to find the 
absolute positions of the remaining nodes (called free 
nodes) in the WSNs.  
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Many localization algorithms for wireless sensor 
networks have been proposed. These localization 
protocols are classified into range-based and range-
free algorithms. The range-based algorithm uses 
absolute point-to-point distance or angle estimates for 
calculating the location, which are relatively precise 
but require additional hardware and their cost is 
relatively high [5]. On the contrary, the range-free 
algorithms do not need the distance or angle 
information to the sensor nodes from the anchor 
nodes for their localization, they provide more 
economic and simpler estimates than the range-based 
ones, but their results are not as precise as those of 
the range-based [6].  

In this paper, we propose an adaptive DV-HOP 
localization algorithm using anchor-density-based 
clustering for wireless sensor networks. First, we 
compute the core density for all anchor nodes in each 
cluster and select the maximum core density anchor 
node as cluster head to ensure that head is in the 
density maximum and reduce distance error; second, 
we calculate the cluster density grade according to 
the number of anchor nodes and unknown nodes in 
cluster; last, we use different method to locate 
unknown location for high-density cluster, low 
density cluster and sparse density cluster. The 
algorithm does not change the basic orientation of the 
traditional DV-Hop algorithm process, does not 
require additional hardware support and performs 
efficiently in regular as well as irregular network 
topologies. 

 
 

2. Related Work 
 
In the past several years, a number of localization 

protocols have been proposed. Most localization 
solutions in sensor networks require a few nodes 
called anchors (which are also called beacons or 
reference points), which already know their absolute 
locations via GPS or manual configuration. The 
density of the anchors depends on the characteristics 
and probably the budget of the network since GPS is 
a costly solution. Anchors are typically equipped 
with high-power transmitters to broadcast their 
location anchors. The remainders of the nodes then 
compute their own locations from the knowledge of 
the known locations and the communication links [7]. 
Based on the type of knowledge used in localization, 
localization schemes are divided into two classes: 
range-based schemes and range-free schemes.  

Range-based protocols use absolute point-to-point 
distance or angle information to calculate the location 
between neighboring sensors. Common techniques 
for distance/angle estimation include time of arrival 
(TOA), time difference of arrival (TDOA) [8], angle 
of arrival (AOA) [9]. TOA is based on the range 
estimations by the signal arrival time, while TDOA 
relies on the difference in time between two arrived 
signals. Angle of arrival (AOA) to estimate node 
position is proposed in [9], the principle of AOA is to 

detect the originators of signals according to the 
angle of arrival, and then to calculate the positions of 
nodes by means of triangulation. Maximum 
likelihood estimation (MLE) is an alternative used in 
AHLOS system (Ad-Hoc Localization System) [10], 
whose aim is to minimize the differences between the 
measured distances and estimated distances to 
determine the position of nodes. While producing 
fine grained locations, range-based protocols remain 
cost-ineffective due to the cost of hardware for radio, 
sound, or video signals, as well as the strict 
requirements on time synchronization and energy 
consumption.  

Due to the hardware limitations of sensor devices, 
range-free localization algorithms are a cost-effective 
alternative to the more expensive range-based 
approaches [11]. There are two main types of range-
free localization algorithms that were proposed for 
sensor networks: (1) local techniques that rely on a 
high density of land marks so that every sensor node 
can hear several land marks, In [12], each node 
estimates its location by calculating the center of the 
locations of all anchors that it hears. If anchors are 
deployed regularly, the location error can be reduced, 
although this is almost impossible in WSN 
deployments. In [13], they proposed a distributed on 
line algorithm in which sensor nodes use geometric 
constraints induced by both radio connectivity and 
sensing to decrease the uncertainty of their position. 
The sensing constraints, which are caused by a 
commonly sensed moving target, are usually tighter 
than connectivity-based constraints and lead to a 
decrease in the average localization error overtime. 
Different sensing models, such as radial binary 
detection and distance-bound estimation, are 
considered. In [14], they proposed a localization 
scheme using a mobile anchor. Each anchor, 
equipped with the GPS, moves in the sensing field 
and broadcasts its current position periodically. The 
sensor nodes that obtain the information are able to 
compute for heir locations. (2) hop-based techniques 
that rely on flooding a network. To provide 
localization in networks where land mark density is 
low, hop-based techniques propagate location 
announcements through out the network. The DV-
Hop uses a technique based on distance vector 
routing. Each node maintains a counter denoting the 
minimum number of hops to each land mark, and 
updates that counter based on beacon packet 
received. Landmark location announcements 
propagate throughout the network. When a node 
receives a new land mark announcement, and its hop 
counter is lower than the stored hop count for the 
land mark, the recipient updates its hop count to the 
new value and retransmits the announcement with an 
incremented hop count value. The known positions of 
the land marks as well as the computed ranges are 
used to perform a triangulation to obtain the 
estimated node positions. The DV-Hop has the 
following properties: localized and distributed, does 
not require a special infrastructure or set up, provides 
global coordinates, and requires re-computation only 
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for the moving nodes. In [15], the method enhances 
the DV-Hop by proposing an additional refinement 
phase. Once a node has computed a coarse estimated 
position of its own location using the DV-Hop, the 
node obtains the estimated positions from all of its 
neighbors. Then it assumes that the neighboring 
nodes are reference nodes, the node re-computes the 
triangulation to refine its estimated position. In [16], 
they use the hop distances of sensor nodes from one 
or more designated sources in order to obtain 
estimations of inter-sensor Euclidean distances that 
are used to locate sensor position.  

Many multi-hop WSN localization algorithms, 
both connectivity based (range-free) and distance 
based, have been formulated as non-linear 
optimization problems. Doherty et al. [17] formulated 
the localization as a convex optimization problem 
and solved using existing algorithms for solving 
linear programs and semi-definite programming 
(SDP). Biswas et al. [18] proposed a centralized SDP 
technique for sensor network localization under in 
complete and in accurate distance measurements, 
followed by a gradient-descent local search method 
to further refine the estimated positions. The idea of 
converting the distance information into the 
coordinate vector has become prevalent in WSN 
localization, ever since Shang et al. [19] proposed a 
centralized localization algorithm called MDS-MAP, 
using Classical Multi dimensional Scaling (CMDS). 
MDS is a data analysis technique first used in 
psychometrics, to find the configuration of points in 
space that satisfies a set of supplied dissimilarities. 
Shang et al. [20] improved the MDS-MAP and 
proposed MDS-MAP (P), a distributed method in 
which the individual nodes compute their local maps 
using local distance or connectivity information. 
Costa et al. [21] proposed a distributed localization 
algorithm based on a weighted version of multi 
dimensional scaling (dwMDS), which corresponds to 
non-linear Weighted Lest Square (WLS) 
methodology and incorporates local communication 
constraints with in the sensor network. A Non-Metric 
Multi dimensional Scaling (NMDS)-based WSN 
localization is proposed in [22] where the 
configuration of points maintain the rank of the 
dissimilarities instead of their pair-wise Euclidean 
distances. A two-objective evolutionary approach 
based on topological constraints for node localization 
in wireless sensor networks was proposed in [23], it 
takes concurrently into account during the 
evolutionary process both the localization accuracy 
and certain topological constraints induced by 
connectivity considerations. A direction-based 
localization scheme (DLS) was proposed in [24], 
whose main goal is for each sensor to determine its 
direction rather than its absolute position, DLS 
considers multiple messages received for a sensor to 
determine its direction and anchor deployment 
strategy to improve the estimated correctness in 
direction of the sensor within the communication 
range of the sink. 

3. System Model 
 

Localization in WSN can be regarded as the 
location discovery problem. Unlike much research, 
whose main objective is precise coordinate 
estimation, the localization problem we are 
concerned with is that given some anchors and each 
sensor is able to determine the hop distance. 

There are a set of anchor nodes and a set of sensor 
nodes in a WSN. A fixed number of anchor nodes are 
placed with the regions of coverage overlapped and 
serve as reference points, broadcasting periodic 
anchor signals. The sensor nodes are distributed 
randomly in the sensing field and receive messages 
from anchor nodes. The main responsibility of the 
anchor nodes is to send out beacon signals to help the 
sensor nodes to locate themselves. Each sensor node 
listens for a fixed time period and collects the RISS 
information of all beacon signals from adjacent 
anchor nodes. In this environment, it is assumed that: 

1) The network is a static densely deployed 
network. It means a large number of sensor nodes are 
densely deployed in a two-dimensional geographic 
space, forming a network and these nodes do not 
move any more after deployment. 

2) There exists only one Sink node, which is 
deployed at a relative static place outside the WSNs. 
There are N anchor nodes, which their positions are 
known through GPS or by other means such as pre 
configuration, and M unknown nodes. 

3) The anchor nodes know their positions through 
GPS or by other means such as pre-configuration. 

4) The radio propagation is perfectly spherical 
and the transmission ranges for all radios are 
identical. 

5) The whole area has been divided into many 
k×k fields, namely, cluster, which the cluster head 
only generates from anchor nodes in its cluster. 

Fig. 1 shows the network model based on 
clustering, the entire network is divided into many 
k×k square, in each square, there are different anchor 
nodes and unknown nodes, the black square is the 
anchor node, the black circle is the unknown node, 
cluster head is generated from anchor nodes. 

Let us consider a sensor network SN= {n1, n2 , . . 
. , n M+N }, among these nodes, nodes from 1 to M, 
with M<N, are anchor nodes whose coordinates are 
known, while from M+1 to N, are general nodes 
whose coordinates are unknown. All sensors are 
uniformly scattered in the network. The 
communication range of a sensor, denoted as r, is a 
circle centered at the sensor. Each sensor has the 
communication capability, so as to exchange 
messages. Currently, we consider an obstacle-free 
environment, in which each sensor is able to 
communicate with all of its neighbors. We also 
consider a connected network, within which each 
sensor has at least one neighbor. 
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Fig. 1. Network model based on clustering. 
 
 

Here, it is assumed that the anchor nodes are 
always aware of its physical position and helps in 
locating other nodes. Its position is obtained by 
manual placement or by external means such as a 
GPS receiver. This node forms the basis for most 
positioning systems in WSNs, we denote the position 
of anchor node i as 

 
 ( , ) 1,..., .T

i i ip x y i M 
 

(1) 

 
We define the real geographic distance between 

two anchor nodes i and j as 
 

 2 2
, ( ) ( )i j i j i jd x x y y    

 
(2) 

 
We adopt a simple disk model for network 

connectivity: nodes i and j can communicate with 
each other if and only if dij<r, where r is the 
connectivity range. 

 
 

4. Adaptive DV-HOP Location 
Algorithm Using Anchor-Density-
based Clustering 
 
Adaptive location algorithm using anchor-density 

-based clustering has three phases, first is generates 
cluster head based on maximum core density; second 
is cluster grading; third is adaptive location 
algorithm. 

 
 

4.1. Cluster Head based on Maximum  
Core Density 

 
In initialization, in cluster CHt, each anchor node 

i sends packet including ID, (xi,yi),numi et al, numi is 
the neighbor of anchor node i, its initial value is 0, so 

all anchor nodes in cluster can known other anchor 
nodes information. 

We assume Nr(i) is the ordered set of its direct 
neighbor, Cr is the threshold of core node number, 
which can be adjusted according to the network node 
density, Nr(Cr) is the Crth neighbor from anchor 
node i, d(i, Nr(Cr)) is the distance between anchor 
node i and Crth node, we define the parameter α as 
formula (3) 

 
 ( , ( )), ( )

, ( )

r r r r

r r

d i N C N i C

r N i C



  

 

         
 

(3) 

 
So we define the core density of anchor node is ω 

(i) as formula (4) 
 

 ( )
( )

rN i
i




 
(4) 

 
Each anchor node respectively calculates its core 

density, then sends information to all neighbor 
anchor nodes including ID, ω (i) et al, so the anchor 
node which has the maximum core density will be the 
cluster head. Head broadcasts information to all 
nodes in cluster, when received information, each 
anchor node and unknown node send information to 
head, so head can calculates the numbers of anchor 
nodes Numanchor and unknown nodes in cluster 
Numun_node. 

 
 

4.2. Cluster-Density Grading 
 
The location accuracy is closely related to the 

number of anchor nodes, the more number of anchor 
nodes, the more accurate locating. In the case of 
uniform distribution, the ideal number of anchor 
nodes is the point number which meets triple 
coverage for the whole region [25]. 
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Theorem 1: the number of meeting triple 
coverage is proportional to area. 

We assume that Sarea is the area of cluster, r is the 
radius of anchor node, a cluster requires at least the 
number of anchor nodes as formula (5) 

 

 

2( 3)

2

area
anchor

S
N

r




 

(5) 

 

We assume that the number of unknown nodes in 
cluster CHt is Numun_node(CHt), Nanchor(CHt)is 
the number of triple coverage point which satisfy 
formula (5), so we define the average cluster density 
function as formula (6) 

 

 _
3 _ cov

( )

3

un node t

anchor

Num CH
N

 

 

(6) 

 

Then the cluster is divided into different grade, 
we assume τ is the threshold parameter, if 
Numanchor(CHt)> Nanchor and Nun_node(CHt)<τ * 
ρ3_cov, we define this cluster is a high density 
cluster; if Numanchor(CHt)< Nanchor and 
ρ3_cov≤Nun_node (CHt)<τ * ρ3_cov, we define this 
cluster is a low-density cluster; if Numanchor(CHt)< 
Nanchor and Nun_node(CHt)≥τ *ρ3_cov, we define 
this cluster is a sparse cluster. 

 
 

4.3. Adaptive Location Algorithm  
for Different Grading 

 

The entire network is divided in many clusters 
and each cluster has a grade, in order to reduce 
communication and improve accuracy, AL-ADC 
algorithm uses adaptive locating method for different 
grades. 

1) High-density cluster location.  
For high-density cluster CHh, there are enough 

anchor nodes to satisfy triple coverage, so using these 
anchor nodes in cluster can locate those unknown 
nodes position, the specific method is as follows: 

Step 1: each anchor node i calculates its average 
distance by formula (7) 

 
 

, /i i j ij

i j i j

Avg d h
 

   , (7) 

 

where j is the neighbor anchor node of i, hij is the 
hops between the anchor node i and anchor node j.  

Step 2: head uses formula (8) calculates the 
average distance of cluster CHh. 

 

 
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h

h

1

CH

( ) / CH

anchor

h i anchor

i

Num

Avg CH Avg num


 
(8) 

Step 3: head calculates the whole cluster error 
through formula (9): 

 

 
 

h

h

1

CH

( ) / CHh h

anchor

CH CH i anchor

i

Num

error Avg Avg Num

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(9) 

 
Step 4: unknown node s calculates the distance 

from anchor nodes by Avg(CHh), hsj and errorCHh, 
namely, the estimate distance as formula (10), then 
calculates its location. 

 

1

( ) ( ) h

u

estimate h up CH

p

num
d u Avg CH h error



   
, 

(10) 
 

where u is the unknown node, numu is the anchor 
nodes which in u’s radius, λ is a variable parameter 
and can be dynamically adjusted according to 
network environment, λ ∈ [-1,1]. 

2) Low-density cluster location. 
In the low-density cluster, we assume that is 

CHlow, the number of anchor nodes is less than the 
number of triple coverage nodes and there are many 
unknown nodes, so the anchor in cluster can not 
locate the unknown nodes accurate location, we use 
the anchor nodes of its neighbor cluster to help locate 
the unknown nodes, we assume the low-density 
cluster is CHlow the specific method is as follows: 

Step 1: the low-density cluster head broadcasts 
information to its direct neighbor cluster, the 
neighbor head will send information including anchor 
location, anchor node number et al. 

Step 2: head computes the distance dij between 
anchor nodes which belong to CHlow or neighbor 
cluster, then computes average distance by formula 
(11) 

 

1

( )
( ) / ( )

anchor low

low i anchor low

i

Num CH
Avg CH Avg num CH



 
(11) 

 
where Numanchor(CHlow) is the number of anchor 
nodes including CHlow and its neighbor cluster. 

Step 3: the head of CHlow computes the average 
distance error by formula (12) 

 

1

1

( ) ( ( ) ( ))

( )

low

low

CH

low p anchor p

p

CH

anchor q

q

N
error CH Avg CH Num CH

N
Num CH

 





   






(12) 

 
where NCH is the number of neighbor cluster  
add 1. 



Sensors & Transducers, Vol. 154, Issue 7, July 2013, pp. 1-8 

 6 

Step 4: using formula (10) to calculate the 
unknown node estimate distance. 

3) Sparse-density cluster location. 
For the sparse cluster, we use the anchor nodes of 

entire network to estimate the unknown distance. We 
assume CHs is the sparse-density cluster. 

Step 1: each head broadcast its average distance 
and error, so all heads know other clusters 
information. 

Step 2: head computes the average distance of the 
entire network through the formula (13). 

 

_ _

1

( )
( ) / ( )entire network i

i

Num CH
Avg Avg CH num CH



 
(13) 

 
where Num(CH) is the number of clusters in entire 
network. 

Step 3: head computes the error of entire network 
by formula (14) 

 

 
 _ _

1

CH

( ) / CHentire network i

i

Num

error error CH Num


 
(14) 

 
Step4: the estimate distance of unknown node u 

can be computed through formula (15) 
 

_ _

1

_ _

( )
u

estimate entire network up

p

entire network

num
d u Avg h

error


  

 


 

(15) 
 

where u is the unknown node, numu is the number of 
anchor nodes which in u’s radius, λ is a variable 
parameter and can be dynamically adjusted according 
to network environment, λ∈[-1,1]. 
 
 
5. Simulation Results 

 
This section provides a detailed quantitative 

analysis comparing the performance of our scheme 
with traditional DV-HOP. 

In our experiments, the deployment area is a 
square plane of 1000 m by 1000 m. The plane is 
divided into 10×10 cluster. Each cluster is 100 m × 
100 m, the number of nodes from 100 to 1000 
randomly deploys in the area, and the anchor nodes 
accounted for 20 %, others are unknown nodes, the 
radius is from 10 m to 30 m. In order to effectively 
compare and analyze the performance of proposed 
algorithm and DV-HOP, all data is the average values 
from 10 tests. Summary of parameters and defined 
values are shown in Table 1. 

 

Table 1. Parameters and defined values. 
 

Simulation Parameters Value 
N (total nodes) 100-1000 nodes 
A (network size) 1000×1000 m 
Cluster size 100×100 m 
Number of sink 1 
Eelec 50 nJ/bit 

amp  0.0013 pJ/bit/m2 
Radius 50 m 
Anchor rate 20 % 
Simulation times 10 times 

 
 
Fig. 2 is the location accuracy of the different 

communication radius , anchor nodes rate is 20%, the 
location accuracy of proposed algorithm is better than 
traditional DV-HOP, with the radius increased, the 
location accuracy of two algorithm is gradually 
increase, but our scheme has a better stability, 
proposed algorithm has a higher location accuracy 
under the changing radius conditions. 

 
 

 
 

Fig. 2. The relationship between communication radius  
and location accuracy. 

 
 
Fig. 3 is the relationship between the ratio of 

anchor nodes and location accuracy, we can see from 
Fig. 3, the location accuracy is increases with the 
ratio of anchor nodes increasing, there into, radius is 
15 m, proposed algorithm has a better location 
performance under the same anchor ratio, for 
example, when the ratios is 20 %, the location 
accuracy of proposed algorithm is 0.36, while DV-
HOP is 0.43. Especially when the ratio of anchor 
nodes is large than 12 %, the proposed algorithm has 
a better stability. 

Fig. 4 shows the communication overhead is 
rapidly increases along the network size increasing, 
due to use cluster density grading strategy, the most 
unknown nodes location can be completed in the 
cluster or in combination with other neighbor 
clusters, only a small part of the unknown nodes 
locating needs in the entire network communication, 
so its communication overhead is approximately 1/4 
of the conventional DV-HOP algorithm. 
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Fig. 3. The relationship between the ratio of anchor nodes 
and location accuracy. 

 
 

 
 

Fig. 4. The traffic of different network size. 
 
 

6. Conclusions 
 

The localization accuracy is the primary 
indicators to evaluate the positioning algorithm. In 
this paper, we have proposed an adaptive DV-HOP 
location algorithm using anchor-density-based 
clustering for wireless sensor networks, first, we 
compute the core density for all anchor nodes in each 
cluster and select the maximum core density anchor 
node as cluster head to ensure that head is in the 
density maximum and reduce distance error; second, 
we calculate the cluster density grade according to 
the number of anchor nodes and unknown nodes in 
cluster; last, we use different method to locate 
unknown location for high-density cluster, low 
density cluster and sparse density cluster. The 
algorithm does not change the basic orientation of the 
traditional DV-Hop algorithm process, does not 
require additional hardware support and performs 
efficiently in regular as well as irregular network 
topologies. From the results of the simulation, we can 
see that the localization accuracy of the proposed 
algorithm in irregular network is better than the DV-
Hop algorithm, and the communication overhead is 
lower than the traditional DV-HOP algorithm. 

Acknowledgements 
 
We acknowledge the support of University Natural 
Science Foundation of Jiangsu Province  
(No. 08KJD520003), six personnel peak project of 
Jiangsu Province (DZXX-055), we sincerely thank 
the anonymous reviewers for their constructive 
comments and suggestions 
 
 
References 
 
[1]. Wen-Hwa Liao, Kuei-Ping Shih, Yu-Chee Lee,  

A localization protocol with adaptive power control 
in wireless sensor networks, Computer 
Communications, Vol. 31, 2008, pp. 2496-2504. 

[2]. Ming Zhang, Suoping Wang, An energy efficient 
dynamic clustering protocol based on weight in 
wireless sensor networks, Journal of Networks,  
Vol. 6, No. 7, 2011, pp. 1057-1064. 

[3]. Gopakumar Aloor, Lillykutty Jacob, Distributed 
wireless sensor network localization using stochastic 
proximity embedding, Computer Communications, 
Vol. 33, 2010, pp. 745-755. 

[4]. Patwari N., Ash J. N., Kyperountas S., Hero III A. O., 
Moses R. L., Correal N. S., Locating the nodes: 
cooperative localization in wireless sensor networks, 
IEEE Signal Processing Magazine, Vol. 22, No. 4, 
2005, pp. 54-69. 

[5]. B. Hofmann-Wellenhof, H. Lichtenegger, J. Collins, 
Global Positioning System: Theory and Practice, 
Springer- Verlag, 1993. 

[6]. A. Savvides, C. Han, M. B. Strivastava, Dynamic 
fine grained localization in ad- hoc networks of 
sensors, in: Proceedings of the International 
Conference on Mobile Computing and Networking, 
2001, pp. 166-179. 

[7]. S. Yun, J. Lee, W. Chung, E. Kim, S. Kim, A soft 
computing approach to localization in wireless sensor 
networks, Expert Systems with Applications, Vol. 36, 
No. 4, 2009, pp. 552-7561. 

[8]. Y. B. Ko, N. H. Vaidya, Location –aided routing 
(LAR) in mobile ad hoc networks, Wireless 
Networks, Vol. 6, No. 4, 2000, pp. 307-321. 

[9]. A. Savvides, C. C. Han, M. B. Strivastava, Dynamic 
fine-grained localization in ad-hoc networks of 
sensors, in: Proceedings of the ACM International 
Symposium on Mobile Ad Hoc Networking and 
Computing (MOBIHOC), August, 2001, pp. 8-14. 

[10]. N. B. Priyantha, A. Chakraborty, H. Balakrishnan, 
The cricket location-support system, in: Proceedings 
of the ACM International Conference on Mobile 
Computing and Networking (MOBICOM),  
August 2000, pp. 32-43. 

[11]. Hu, D. Evans, Localization for mobile sensor 
networks, ACM International Conference on Mobile 
Computing and Networking (MobiCom’04), 2004. 

[12]. N. Bulusu, J. Heidemann, D. Estrin, GPS-less low 
cost outdoor localization for very small devices, 
IEEE Personal Communications Magazine, Vol. 7, 
No. 5, 2000, pp. 28-34. 

[13]. A. Galstyan, B. Krishnamachari, K. Lerman,  
S. Patterm, Distributed online localization in sensor 
networks using a moving target, in Proceedings of 
the International Symposium Information Processing 
Sensor Networks (ISPN), 2004. 



Sensors & Transducers, Vol. 154, Issue 7, July 2013, pp. 1-8 

 8 

[14]. K.-F. Ssu, C.-H. Ou, H. C. Jiau, Localization with 
mobile anchor points in wireless sensor networks, 
IEEE Transactions on Vehicular Technology, Vol. 
54, No. 3, 2005, pp. 1187-1197. 

[15]. D. Niculescu, B. Nath, DV based positioning in ad 
hoc networks, Telecommunication Systems, Vol. 22, 
No. 1-4, 2003, pp. 267-280. 

[16]. R. Nagpal, H. Shrobe, J. Bachrach, Organizing a 
global coordinate system from local information on 
an ad hoc sensor network, in Proceedings of the 
International Workshop on Information Processing in 
Sensor Networks (IPSN), 2003. 

[17]. L. Doherty, K. Pister, L. Ghaoui, Convex position 
estimation in wireless sensor networks, in 
Proceedings of IEEE INFOCOM’01, Vol. 3, 2001,  
pp. 1655-1663. 

[18]. P. Biswas, T. C. Liang, K. C. Toh, Y. Ye, T. C. 
Wang, Semi-definite programming approaches for 
sensor network localization with noisy distance 
measurements, IEEE Transactions on Automation 
Science and Engineering, Vol. 3, No. 4, 2006,  
pp. 360-371. 

[19]. Y. Shang, W. Ruml, Y. Zhang, M. Fromherz, 
Localization from mere connectivity, in Proceedings 
of the 4th ACM International Symposium on Mobile 

Ad Hoc Networking and Computing, 2003,  
pp. 201-212. 

[20]. Y. Shang, W. Ruml, Improved MDS-based 
localization, in Proceedings of the IEEE 
INFOCOM’04, Vol. 4, 2004, pp. 2640-2651. 

[21]. J. A. Costa, N. Patwari, A. O. Hero, Distributed 
weighted-multi dimensional scaling for node 
localization in sensor networks, ACM Transactions 
on Sensor Networks, Vol. 2, No. 1, 2006, pp. 39-64. 

[22]. N. Vo, D. Vo, S. Challa, S. Lee, Non metric MDS for 
sensor localization, in Proceedings of the 
International Symposium on Wireless Pervasive 
Computing, 2008, pp. 396-400. 

[23]. Massimo Vecchio, Roberto Lpez-Valcarc, Francesco 
Marcelloni, A two-objective evolutionary approach 
based on topological constraints for node localization 
in wireless sensor networks, Applied Soft Computing, 
2011, pp. 1-11. 

[24]. Sheng-ShihWang, Kuei-Ping Shih, Chih-Yung 
Chang, Distributed direction-based localization in 
wireless sensor networks, Computer 
Communications, Vol. 30, 2007, pp. 1424-1439. 

[25]. Wang Dong-Dong, Sun Yan, Self-adaptive 
localization algorithm in Wireless Sensor Networks. 
Computer Engineering and Applications, Vol. 46, 
No. 18, 2010, pp. 77-79. 

 

___________________ 
 

2013 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved. 
(http://www.sensorsportal.com) 
 
 
 

 

 
 

 
 

http://www.sensorsportal.com/HTML/E-SHOP/PRODUCTS_4/UFDC_1.htm
http://www.sensorsportal.com/HTML/E-SHOP/PRODUCTS_4/UFDC_1.htm


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


