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Abstract:In this paper, a novelself-localizationprocedure for wireless sensor networks is accessible. Due 

to errors in calculatinguniversal coordinates andinappropriate relative pairwise distance assessment, the 

errors in the appraisal of localization mayhappen. Minimization of these errors is necessary for 

effectivelocalization arrangements.In irregular or sparse networks, the earlier proposed DV-Hop 

positioning procedureshows poor accuracy and not effective. To avoidthe weaknesses of this procedure,in 

this work anenhanced DV-Hop procedure for self- localization (EDVHPSL) is proposed.The 

anticipatedEDVHPSLmethoddelivers improvement in results in relations of localization error. MATLAB 

simulations have been performed to implement the proposed EDVHPSLby changing the benchmark 

parameters during simulation process. The parameters are number of beacon nodes, range, number of 

sensor nodes and hop count. 
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1.INTRODUCTION 

In WSNs, the sensor nodes are deployed in an unplanned infrastructure where there is no prior knowledge 

of location. The problem of estimating the spatial coordinates of a sensor node (relative or absolute) is 

referred to as localization [1]. It is a term used to define the process of finding the geographic location of 

the sensor nodes in a coordinate system. The sensor nodes must be localized in space in order to identify 

the location of an event. The positioning of sensor nodes is accomplished using a localization system 

which is a key part of WSNs. Localization systems not only help to locate events but can also be used as a 

base for routing, density control, tracking, and network protocols. The straightforward localization 

approach gathers the information (e.g. connectivity or pair-wise distance measurement) about the entire 

network into one place, where the collected information is processed to estimate the location of sensor 

nodes [2]. Localization is an unavoidable challenge when dealing with WSNs and an important problem 

because many of the sensor network protocols and applications simply suppose that all sensor nodes in the 

network are aware of their individual locations. Secondly, if a sensor node is reporting a critical event or 

data by means of geographical routing technique, the location of individual sensor nodes must be known 

in prior [3]. 
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Existing localization algorithms [4] estimate the locations of sensor nodes either by using knowledge of 

the positions of a few sensor nodes or their inter-sensor node measurements such as distance and angle. 

Sensor nodes with known location information are called anchors or beacons and their locations are 

obtained by using a GPS, or by their manual placement at points with known coordinates. While the GPS 

is one of the most popular technique and is widely accessible, the high cost, high energy consumption and 

restricted indoor usage makes it difficult for WSNs. Limitation of size, battery and hardware resources of 

sensor nodes prohibits the use of GPS hardware in every sensor node. The various localization methods 

have their own merits and demerits and their performance also depend on many other factors like, 

accuracy, coverage, complexity, scalability, robustness, fault tolerance, cost and energy.  

 

 

1.1 Self Localization 
Localization is a mechanism to establish spatial relationships between sensors in a wireless or wired 

sensor network. Many of these sensor network systems are embedded to monitor or control the behavior 

of physical systems (as compared with strictly virtual information systems), and therefore sensor nodes 

often need to determine their action based on their physical location. Networked applications are often 

implemented in the form of a layered network protocol stack and localization benefits span several layers 

of the protocol stack. Several issues render the localization problem more challenging for large scale, 

densely distributed sensor networks than in many other domains. Sensor networks must satisfy several 

physical constraints. Wireless sensor network consists of a large number of various mini integrated self 

powered sensor nodes, these nodes communicate wirelessly with neighboring nodes to form a wireless 

sensor network. The process of computing the physical locations of nodes in a wireless sensor network is 

known as localization, self localization becomes critical for large scale sensor networks because manual 

deployment is often impractical due to time requirements, economic constraints or inherent limitations. 

The spatial relationship of these sensors is typically an important factor and introduces a new challenge 

for the researchers working in this area. 

 

1.2 Existing DV-Hop Positioning AlgorithmError Analysis 
Errors in localization estimates can result from incorrect estimates of relative pairwise distances and 

errors in global coordinate calculations. These errors must be minimized for effective localization 

planning. Existing DV-Hop positioning algorithm is one of the representative algorithms of band-less 

localization technology [5, 6]. The main idea is to express the distance between the unknown sensor node 

and the beacon node as the product of the hop distance and the number of hops. Implementation of the 

algorithm consists of three steps. 

In the first step, each beacon node transmits location information to all neighboring sensor nodes. At this 

time, the hop count is initialized to 0, and each receiving sensor node maintains the beacon node 

information and the minimum hop count value for each beacon. In the second step, once the sensor node 

has a relative hop count value to other beacons, it estimates the hop size for a single hop and then 

broadcasts it throughout the network. According the following equation (1), the hop size is estimated. 

 

𝑆𝑖𝑧𝑒𝐻𝑜𝑝𝑖 =
∑ √(𝑥𝑖− 𝑥𝑗)2+  (𝑦𝑖−𝑦𝑗)2

∑ 𝑠𝑖𝑗
                                                          (1) 
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wherever,  sij   is the total number of hops between the beacon nodes and (xi, yi)and  (xj, yj )  are the 

coordinates of beacon node i and j. In the last step, when the unknown sensor node receives 3 or more 

distance estimates from the beacon node, it calculates its position using trilateration. 

 

2. ENHANCED DV-HOP PROCEDURE FOR SELF- LOCALIZATION (EDVHPSL) 

 

The DV-Hop positioning algorithm has low accuracy and performs poorly in sparse or irregular networks. 

Considering the drawbacks of this algorithm, efforts were made to improve it and EDVHPSL is  

proposed. The assumptions taken into account for EDVHPSL are described in the following steps. 

 

(a) Statistics Broadcasting 

 

Each guidance node transmits position information to neighboring sensor nodes with a hop count 

initialized to one. The format of the broadcast information is (idi, xi, yi, sHopi), where idi is the ID of the 

beacon node and (xi, yi) are its coordinates. Each receiving sensor node maintains a record of the 

information received from the guidance node. If a sensor node receives a packet with the same ID, then it 

compares the sHopi of the packet and if the new sHopi is smaller than the already received sHopi table, it 

is considered to be otherwise dropped and the packet is no longer forwarded. Each sensor node will 

increase sHopi by one before transmitting it to other neighboring sensor nodes 

 

(b): Calculation of Distance  

 

As per equation (1), the hop size is calculated to estimate the distance between the beacon node and 

unknown sensor node. 

 

The average hop size is calculated as per equation (2). 

 

𝑆𝑖𝑧𝑒𝐻𝑜𝑝𝑒𝑎𝑣𝑔 =
∑ 𝑆𝑖𝑧𝑒𝐻𝑜𝑝𝑖    

𝑁𝑜𝑠.𝑜𝑓 𝐻𝑜𝑝𝑆𝑖𝑧𝑒
                                                          (2) 

 

As per equation (3), the distance Wi betweenthe beacon node and unknown sensor node  is considered by 

multiplying by its hop count with the average hop size  

 

𝑊𝑖 = 𝑆𝑖𝑧𝑒𝐻𝑜𝑝𝑎𝑣𝑔 × 𝐻𝑜𝑝𝑐𝑜𝑢𝑛𝑡𝑖                                                          (3) 

 

 

 

 

Step 3: Calculation of Location  

 

According to the distance information obtained with respect to the beacon nodes of the unknown sensor 

node, the unknown node calculates its coordinates using trilateration as depicted in Fig. 1. 
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Fig.1Trilateration method based calculation 

 

Step 4: Assessment of localization error 

 

Using equation (4), the localization error can be modestlypredictable. 

 

𝐸𝑖 =
∑ √(𝑥𝑖− 𝑥𝑗)2+  (𝑦𝑖−𝑦𝑗)2

𝐿
                                                          (4) 

 

 

 

 

 

 

 

Where,   (xi, yi ) and  (xj, yj )  are the coordinates of beacon node i and j. and L is the communication 

range. 

 

The algorithm of the proposed EDVHPSL is as follows; 

 

Steps: Algorithm: EDVHPSL 

 

1: START  

 

2: Area A is used to deploy sensor nodes  

 

3: Nos.of beacon nodes =BN are defined 

 

4: Position of beacon nodes acquires 

 

5: BN coordinates are (xi, yi ) then send this positions to all adjoining sensor nodes  

 

6: Hop count will be compared 

 

7: Case 1: hop count is lessassent the position packet acknowledged from the beacon  

 

8: Case2: Else, discard  
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9: Wait for more position packets, appraisal the hop size between beacon node BN and N 

 

10: Determine𝑆𝑖𝑧𝑒𝐻𝑜𝑝𝑒𝑎𝑣𝑔 =
∑ 𝑆𝑖𝑧𝑒𝐻𝑜𝑝𝑖    

𝑁𝑜𝑠.𝑜𝑓 𝐻𝑜𝑝𝑆𝑖𝑧𝑒
 

 

11: Refer𝑆𝑖𝑧𝑒𝐻𝑜𝑝𝑒𝑎𝑣𝑔to all neighbours 

 

12: Estimate𝑊𝑗 =  𝑠𝑗  ×  𝑆𝑖𝑧𝑒𝐻𝑜𝑝𝑎𝑣𝑔 

 

13: Unknown sensor node position is computed 

 

14: Determine𝐸𝑖 =
∑ √(𝑥𝑖− 𝑥𝑗)2+  (𝑦𝑖−𝑦𝑗)2

𝐿
 

 

15: END  

 

3.  EDVHPSLSIMULATION RESULTS   

 

EDVHPSL is realized in MATLAB7, and to verify the performance of the proposed algorithm, 500 nodes 

(beacon nodes = 100 and sensor nodes = 400) are randomly distributed in a 100m x 100m area. All nodes 

(beacons and sensor nodes) have an adjustable communication range L. The layout of beacon nodes and 

sensor nodes is shown in the fig. 2 
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Fig. 2: Deployment randomly sensor nodes and beacon nodes  

 

 

Simulations has been done by  variationsin  number of beacon nodes and  communication range. The 

enactment of the DV-Hop positioning procedure and the proposed EDVHPSL are matched. 

 

3.1COMMUNICATION RANGEVARYING EFFECT 

 

Observance the number of beacon nodes = 100 and the number of sensor nodes = 400, the communication 

range is changed to 80m, 70 m, 60 m, 50 m, 40 m, 30 m,20 m, and 10 m, and the performances of DV-

Hop and proposed EDVHPSL positioning algorithm are analysed. . It can be seen from Fig. 3that the 

localization error of EDVHPSL is lower than that of the DV-Hop positioning algorithm. The reasons for 

the low errors are due to the fact that at the maximum communication range (80 m) most nodes are able to 

directly communicate with each other in a simpler way. 
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Fig.3: Localization error verses communication range 

 

 

 

3.2  BEACON NODESVARYING EFFECT 

 

Number of beacon nodes are changed to 100, 90, 80, 70, 60, 50, 40, 30, 20 and 10 while keeping L = 50 

m, simulations are  performed for DV-Hop and EDVHPSL positioning algorithm. Fig. 4 depicts that the 

localization error of the proposed EDVHPSL is lower than that of the DV-Hop positioning algorithm, if 

the beacon nodes are increased.  
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Fig. 4Localization error verses beacon nodes 

 

 

 

 

 

4. CONCLUSIONS 

 

In this paper, the causes for the localization error in the existing DV-Hop positioning algorithm were 

described and an enhanced DV-Hop positioning algorithm is proposed. The proposed EDVHPSL 

technique, which is a amendment in the DV-Hop positioning algorithm, deliversupgraded results in terms 

of localization error. During the simulation process,EDVHPSL is implemented by alteringessential 

parameters named as hop count, range, number of beacon nodes, and number of sensor nodes. 
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