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Abstract 

One of the most crucial issue in wireless sensor network is to determine the location and orientation of sensor nodes. Location 
information is useful for both network organization and for sensor data integrity. In many wireless sensor network applications 
sensor nodes are required to know their locations with high degree of precision such as forest fire detection etc.  Localization 
method helps in assisting sensor nodes to determine their location in sensor network. In this paper a technique called 
Multidimensional scaling is proposed which computes the position of nodes which are in the communication range of each 
other. This MDS-data analysis technique find out the relative position of nodes with accuracy sufficient enough for most of the 
applications so as to solve the problem of recreation. 
 
Index Terms – Localization, Multidimensional Scaling, MDS-mapping, Wireless Sensor network. 
 
1. INTRODUCTION 
 
Wireless sensor network (WSN) is an infrastructure comprising of thousands of wireless sensor nodes that are spread over a 
geographical area so as to instrument, observe and react to events in that particular environment. Sensor nodes are used in variety of 
applications which require constant monitoring and detection of specific events[1]. Localization is one  of   the key functionalities 
expected in wireless sensor networks. Location information is necessary in applications such as tracking endangered species, 
tracking forest fires, inventory management, habitat monitoring etc. Firstly, in order to use the data collected by sensors, it is often 
necessary to have their position information stamped[3][8]. The location information of sensors has to be considered during 
aggregation of sensed data. This implies that each node should know its location and couple its location information with the data in 
the messages it sends.   
A low-power, inexpensive and reasonably accurate mechanism is needed for location discovery[1][4][6]. A global positioning system 
(GPS) is not always feasible[4] because it cannot reach nodes in dense foliage or indoors. It also consumes high power and makes 
sensor nodes bulkier. 
In addition, many communication protocols [4][5] of sensor networks are built on the knowledge of the geographic positions of 
sensors. However, in most cases, sensors are deployed without their position information known in advance, and there is no 
supporting infrastructure available to locate them after deployment. It is necessary to find an alternative approach[3][4][6] to identify 
the position of each sensor in wireless sensor networks after deployment. 
 
 
2. LOCALIZATION TECHNIQUES 

 
Location discovery is emerging as one of the more important tasks as accurate location information could greatly 
improve the performance of  tasks such as routing, energy conservation, data aggregation and maintaining network 
security[4][6]. Localization in wireless sensor networks is performed following these 3 steps[2][3]:  
 
1. Distance estimation- This phase involves measurement techniques[2][3] to estimate the relative distance between 
nodes. 
2. Position computation- It consists of algorithms[4] to calculate the coordinates of the unknown node with respect to 
the location of known anchor nodes or other neighboring nodes.  
Triangulation, multilateration, and proximity are some techniques[4][8] that are used for location sensing[10]. It uses 
the geometric properties of triangles to calculate node locations. Triangulation[10] is classified into lateration, using 
distance measurements and angulation, using bearing angle information. In 2-dimension to calculate the node location 
using lateration distance information from 3 reference points is required and using angulation 2 angle measurements 
and 1 distance information is required[10]. 
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Localization algorithms require techniques for location estimating depending on the beacon nodes’ location. These are 
called multi-lateration (ML) techniques[10]. Some simple ML techniques are[4][8]: 
a. Atomic ML : If a node receives three beacons, it can determine its position by a mechanism similar to GPS. 
 

       
 
 
 
 

 
                             Beacon node 
                             Unknown node 
                             Beacon  
Figure 1. Atomic multi-lateration[10] 
 

b. Iterative ML : Some nodes may not be in the direct range of three beacons. Once a node estimate its location, it sends 
out a beacon, which enables some other nodes to now receive atleast three beacons. Iteratively, all nodes in the network 
can estimate their location but location estimation may not be accurate as errors may propagate. 

 
 
 
 
 
 
 
        
                            Beacon node 
                            Unknown node 
                            Beacon  
Figure 2.  Iterative multi-lateration[10] 

 
c. Collaborative ML : When two or more nodes cannot receive atleast three beacons each, they collaborate with each 
other. In the figure shown below nodes A and B have three neighbors each. Of the six participating nodes, four are 
beacons, whose positions are known. 
 

 
 
 
 
                             Beacon node 
                             Unknown node 
                             Beacon  
Figure 3. Collaborative  multi-lateration 

 
d. Proximity technique is used when there is no range information available[6]. It reveals whether or not a node is in 
range or near to a reference point. Localization algorithms using this technique determine if a node is in proximity to a 
reference point by enabling the reference to transmit periodic beacon signals[6][10] and whether the node is able to 
receive at least certain value of the beacon signals set as threshold. In a period t if it receives n beacons greater than the 
set threshold then it is in proximity to that reference point.  
 
3. Localization algorithms[3][4][8]- It determines how the information concerning distances and positions, is 
manipulated in order to allow most or all nodes of WSN to estimate their position. Optimally the localization 
algorithms may involve algorithms to reduce the errors. 
 
Various localization algorithms can be classified as follows[2][3][4][6]: 
 
Relative versus Absolute  
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Relative localization algorithms[2][9] estimate relative position of the nodes i.e. the coordinate system is chosen by a 
group of nodes and is different from the original. It does not require any anchor nodes and in applications such as 
location aided routing relative positions are just sufficient than calculating the absolute positions whereas Absolute 
localization algorithms on the other hand derive absolute positions of nodes making use of anchor nodes which 
broadcast their location information to the unknown nodes. Anchor nodes are those whose geographical locations are 
known prior to the localization process either by the use of GPS or through manual installation. The accuracy of the 
algorithm is greatly determined by the number of anchor nodes. 
 
Centralized versus distributed  
 
Centralized localization algorithms[6] forward all the node measuring quantities to a central base station where the 
final computation or processing is carried out to derive either absolute or relative positions of the nodes but in 
distributed localization algorithms every node is responsible for performing computations to derive its position. 
 
Range based versus Range free 
 
In range–based algorithms[2][4] fine grained information such as the distance between node pairs is exploited to 
compute the node locations. This distance information[2][6] is obtained from: 
 
1. Timing information, or the signal propagation time or time-of-flight (ToF) of the communication signal is used to 
measure distance between the receiver and the reference point. 
 
2. Time difference of arrival (TDoA) used to calculate the distance between two nodes. 
 
3. Received signal strength information (RSSI) infers the distance between the receiver and the reference point from the 
fact that attenuation of the radio signal increases as the distance between the receiver and transmitter increases. 
 
These measurements are used in methods like triangulation or trilateration[4][6] which are based on the idea that a 
node location is uniquely specified when atleast the coordinates of 3 reference points are available for a node  i.e. by 
knowing the position of 3 anchor nodes a node can find its 2-D postion using this method.  
 
In range free localization methods[2][3][4] neighborhood information such as node connectivity and hop count is used 
to determine node locations. Range-free methods do not require additional hardware, but they generally only work well 
when networks are dense. Sparse networks by nature contain less connectivity information and are thus more difficult 
to localize accurately. These algorithms require that each node knows which nodes interact with each other i.e. in the 
communication range of each other, their location estimates and ideal radio range of sensors. 
Range free techniques are most cost-effective[4] because they do not requie sensors to be equipped with any special 
hardware but use less information than range based. 
 
3. MULTIDIMENSIONAL SCALING 
 
In this paper we propose an algorithm which derives the location of sensor nodes based on their connectivity 
information[4][6] i.e. which nodes are in communication range of each other. Based on the information about known 
location of certain anchor nodes and distance between neighbor nodes the location of other sensor nodes is determined 
by a mathematical technique , an O(n3) algorithm for a network of  n sensors called Multi –dimensional scaling[3]. 
MDS uses Euclidean principle[3] to model data proximities in geometrical shape where distance (dij) between points i 
and j is defined as: 

                      =   

 
where xi and xj are coordinates of points i and j in the same dimension space. The modelled Euclidean distances are 
related to the observed proximities, ∂ij by some transformation function(f). 
 

                      =  
 

If all dissimilarities between points represent true Euclidean distances then metric scaling can be used to find a 
configuration of these points. The distance between point r and s in an n-dimensional space is given by formula: 
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                   =                                                                                                                  (1) 
 

                                                                                                                   (2) 
 
From the squared distance   , the inner product matrix B is found. Then from B the unknown coordinates:   
              
                       =  =  
   

  To find B from (2) ( multiplying out) 
 
                    =                                                                                                 (3) 
 
by placing centroid of the configuration at the origin and further derivation double centring of a matrix is calculated by 
subtracting the row means from each row of matrix and subtracts column means from each column of row-centred 
matrix, the following is found[4]: 
 

  = - (  -   -   +   )                                                                   (4) 
 
Inner product matrix B is calculated as  where B is symmetric, positive and semi-definite. In terms of 
singular value or spectral value decomposition , 
 
                              
where ∧ = diag , the diagonal matrix of eigenvalues of B and V is equal to matrix of eigenvectors. 
Thus as ,                
 
                                        

                                                                                                                                                     (5) 
In calculating X the negative Eigen values and its Eigen vectors are ignored and the recovered matrix X is rotated and 
has a different coordinate system than the original. Thus in localization problem solving[4], classical Multidimensional 
Scaling yields relative location estimation of the nodes and the relative map can be transformed into absolute map[3]. 
 
3.1 EIGEN DECOMPOSITION OF MATRIX 

 
Every square matrix can be decomposed into product of several matrices[4][10]. Eigen decomposition is one which can 
be performed on only symmetric ones. Consider a square matrix A of size n*n . Matrix A can be decomposed into: 
 
                A  
or  
               AQ=                                                                                                                                     (6) 
 
Where Q is orthonormal and Λ is a diagonal matrix. A matrix is orthonormal if QQ’=I which means Q’=Q-1. 
 
Equation 6 can be written as system of Eigen equation as 
                              A qi = λ qi 
where qi ≠ 0 and i=1,2……n. 
The values in the diagonal of λ are Eigen values of A and column vectors of Q are eigen vectors of A. 
 
3.2 STEPS FOR MDS-MAPPING 
Multidimensional Mapping can be performed as follows[3][6]: 
(a) Shortest distance between each pair of nodes is calculated using either Dijkstra or Floyd’s all pair shortest path 

algorithm. This is the distance matrix that serves as input to MDS in step 2. 
(b) Classical MDS is applied to distance matrix. 
(c) Transform relative map into absolute map given sufficient number of nodes. 
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3.3         RECOVERY OF COORDINATES 
Given the matrix of similarities S between pair of objects the first step is to calculate the matrix of squared distances[6] 
Δ(2)(S). The second step is to arrive at the scalar product matrix B = SS′ from Δ(2)(S), which can be done as follows. 
 
Rewriting equation 3.4, Δ(2)= c1′+ 1c′ - 2SS′ and multiplying both sides by centering matrix T = I – n-111′ where I is the 
identity matrix and 1 is a vector of ones. 
 
TΔ(2)T = T(c1′ + 1c′ - 2SS′)T = Tc1′T + T1c′T – T(2B)T. 
 
Centering a vector of ones yields a vector of zeros yielding the first two terms in the above equation to zeros.  
 
Thus, TΔ(2)T = -T(2B)T and since B here is column centered it has no effect. Multiplying both sides by -1/2 gives -
TΔ(2)T = B. Since B is symmetric it can be decomposed as given in equation 3.5. 
 
                B = QΛQ′ = (QΛ1/2) (QΛ1/2)′ = SS′ 
                               S = QΛ1/2 
In calculating S the negative Eigen values and its Eigen  vectors are ignored. And the recovered matrix S is rotated and 
has different coordinate system than the original. 
 
4. CONCLUSION 
 
Node localization is an important issue to be considered in wireless sensor networks. This process is a combination of 
data acquisition, position estimation and mapping i.e. procedure of linking estimated positions to real world locations. 
Multidimensional scaling uses connectivity or distance information between nodes to identify the location of those 
nodes which are yet to be localized. Localization using MDS involves each node to be aware of  the distance of 
neighboring nodes. 
MDS is performed by first calculating the shortest distance between each pair of nodes using dijkstra’s all pair shortest 
path algorithm. A distance matrix is obtained after this calculation on which classical multidimensional algorithm is 
applied so as to compute its coordinates. 
Eigen decomposition of matrix is done to obtain its eigen values and eigen vectors. Thus MDS technique is quiet 
helpful in applications of sensor networks deployed in harsh environment to position anchor nodes which are difficult 
to reach  and it is able to derive both relative and absolute map of a network. 
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