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Abstract— Internets of Things and Wireless Sensor Networks have pulled in all researchers due to their provisions for example, doctor's facility 

surveillance, advanced mobile home, Ecological monitoring, and so forth. The location of sensor node is a critical issue in localization. It may be 

profoundly alluring to plan scalable, minimal effort, furthermore effective mechanism for node localization.  This paper provides and compares a 

sensor node positioning techniques named gradient algorithm which is a range free techniques for node localization.  This algorithm uses multi 

hop technique to estimate the position of node in a wireless network and also the techniques is compared with the radial basis neural network 

based technique, which have been implemented to improve the accuracy. A correlation for gradient, centroid algorithm and radial basis neural 

network technique has been done and found that neural system guarantees superior comes about to higher accuracy. 
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1. INTRODUCTION 

Many of the applications being used would have not 

been possible without the process of localization
[1][2]

. Internet 

of Things has received a great response from various fields 

with new and recent technologies being used in numerous 

fields. Few of the promising applications involve monitoring 

forests and/or fields, rescue operations, patient monitoring, 

smart home, etc. A proficient localization process
[3]

 can find 

out the exact coordinates of the unknown sensor node using 

the information available from sensor nodes with their 

position known. In addition, the locality based routing 

protocol can effectively save and utilize a considerable 

amount of energy by removing the need for route finding and 

improve the position for purpose. The advancement in 

technologies helps in designing the sensors that are smaller, 

cheaper and consumes less power with the capabilities of 

storage, communication and data sensing. In almost every 

application using wireless sensors, the nodes are deployed 

randomly in the specified region. Hence, it is mandatory to 

determine the location of the nodes. The possible solution to 

the problem of localization
[4]

 is by manual configuration 

which is not a feasible one, another is to use Global 

Positioning System (GPS) two sensors, which is again not a 

feasible solution due to its large power consumption and 

higher cost. In the different papers number of localization 

process
[4][5]

 have been discussed which are mainly classified 

as range based and range free algorithms. In this paper the 

classification of localization process is discussed in section 2, 

followed by proposing a methodology based on Neural 

network and comparison with the range based process in 

section 3.  Finally the result of the comparison is discussed 

and shown graphically in section 4 followed by a conclusion.   

 

2. CLASSIFICATION OF LOCALIZATION 

 Localization
[6]

 can be achieved using any of the following 

methods based on :  

• Anchors  

• Network and   

• Range  

 

2.1 Anchor Free v/s Anchor Based
[6][7]

 

  The sensor nodes which have their position already and 

other nodes use this information received via messages to 

estimate their location in the global positioning system. Such 

nodes obtain their location with the help of some extra device 

called Global Positioning System (GPA). The node identifies 

their position through GPS and helps other nodes too for the 

same. The obtained location is accurate and requires less 

processing as compared to other processes.  The localization 

process without using anchor nodes or GPA is Anchor free 

and in this method the sensor nodes identifies their position 

by utilizing extent estimations amid them.   

 

2.2 Centralized v/s Distributed
[6][7]

 

  In Centralized localization all the information is collected 

at the central position, where the information is processed 

and the results are forwarded to the nodes in the network. The 

advantage of such method is that it keeps all sensor nodes 

free from computations and inappropriate access, scaling and 

the delay due to transmission. In comparison to Centralized 
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process, sensor nodes in distributed localization do the 

required computations and coordinates with all other nodes to 

get their position identified in the network. On the basis of 

range measurement localization process can be classified as 

range based and range free localization.  

 

2.2.1 2.2.1    Range Based Localization
[7]

 

  This localization process uses distance or angle between 

the sensor nodes for approximating the position of the node. 

Such process applies distance estimation techniques to obtain 

the gap between receiver and transmitter, to localize the node 

using the principles of geometry. The techniques used in 

range based approximation are received signal strength 

indication (RSSI), angle of arrival (AOA), time difference of 

arrival (TDOA), and time of arrival (TOA).   

  

2.2.2 Range Free Localization  

  In range-free
[7][11]

 localization algorithms the radio 

connectivity between nodes and the sensing capabilities of 

the sensors are used to identify the position of the node.  In 

range free localization techniques some reference sensor 

nodes may be used. The methods under this category are 

distance vector (DV) hop, hop terrain, centroid system, APIT, 

and Gradient algorithm. 

                 Centroid Techniques: Centroid technique
[8][9][10]

 

is applicable in the greater density anchor node scenario, so 

that every unknown node can hear from several known 

nodes. Here each unknown sensor node obtain their position 

through by estimating the centre of all the reference nodes, 

the node receives. The localization error can be reduced by 

proper arrangements of anchor nodes. In Ad hoc networks 

proper arrangement of nodes is not possible.  To enhance the 

efficiency of the process weighted algorithm can be used.  

After the information is received by the unknown node, the 

location is estimated as :  

 

 
..... .....

, ,i n i n
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Where, Xi,Yi is the position of anchor node and 

(Xest,Yest) is the estimate of unknown node position 

 

  In gradient algorithm, multilateration process and hop 

count, is used to obtain the location of the unknown nodes. 

Gradient algorithm follows the following steps:   

  In the first step, the nodes with known positions broadcast 

their coordinates and hop count value in a message.   

  In the second step, the shortest path between unknown and 

known (anchor) node from where it receives the message is 

calculated using the equation:   

 

  dji=hj,Ai* dhop 

 

  In the third step, minimum position error is computed by 

following equation: 

                           Ej=∑dji-d
ji          

 

where i varies from 0 to n and d
ji
 is gradient propagation 

based estimated distance. 

 

  Neural Networks is also an efficient option for 

localization. Traditionally, a network of biological neurons 

is referred as Neural Networks
[13]

. The recent description for 

the term is an artificial construct whose activities are based 

on a network of simulated neurons 
[14]

. Neural Networks are 

the interconnections of neurons with activation functions. 

Neural Networks are trained so that a particular input yields 

a specific output
[13]

. Implementing neural networks in 

wireless sensor networks is a promising area for more 

accurate and faster localization
[12]

. Various classes of neural 

networks whose performance has been compared in this 

paper are Feed Forward Networks, Radial Basis Networks 

and Recurrent Networks. 

 

3. PROPOSED METHODOLOGY 

Another technique to obtain the accurate localization is 

neural networks based localization. These networks are the 

interconnection of nodes called neurons with their activation 

functions. Various classes of neural networks can be obtained 

by using different activation functions and the structure of 

weighted interconnections between the neurons. Three 

classes of neural networks whose performance for 

localization are: Feed Forward Networks, Radial Basis 

Networks and Recurrent Networks. 

The centroid algorithm is used as a reference for the 

performance verification of the created neural network. Using 

the recorded values of unknown nodes, a neural network can 

be trained. Real positions of unknown nodes are provided to 

the input layer of neural network. The output layer uses the 

input transformed by hidden layer. Output layer yields the 

output as the estimated positions of unknown nodes. 

The accuracy of the localization between the real and the 

estimated (calculated) values is measured using mean square 

error (mse) formula mentioned in equation 4. 

      

 

Where, 

 xi and yi = real node coordinates 

ˆ
ix  and ˆ

iy  = estimated node coordinates 

R = communication range 

 i = node index 
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By initializing the number of layers and neurons to 

each layer the neural network is trained and transfer function 

to each layer is initialized. The output generated from neural 

network is the estimated position of unknown nodes. From 

real and estimated positions mean square error can be 

measured. The process is repeated with updated weights and 

biases till mean square error is less than that of mean square 

error of centroid method.  

4. RESULTS 

4.1 Centroid Algorithm Based Approaches 

    Centroid algorithm is implemented and executed using 

the MATLAB R2013a simulator. In this algorithm, we have 

taken 100 anchor nodes and performance has been done by 

taking 10 unknown nodes. We have deployed these nodes in 

the network area of 100x100 meters with the 

communication range of 20 meters between them. The 

network was generated using the parameters as in Table 1. 

      Table 1: Recreation parameters for Centroid Algorithm 

                        PARAMETERS                       VALUES 

                            Number of anchor 

nodes 

                       100 

                          Number of unknown 

nodes 

                         10 

                        Communication range                        20 m 

                Deployment area                           100*100 m 

  

 

       Fig. 1. Error distribution for 10 unknown nodes  

using centroid algorithm 

 

In above Fig. 1, bars represent the estimated error of 

individual 10 unknown nodes. Error has been defined as the 

variation between real and estimated positions of unknown 

nodes. We observed that node 5 gives the maximum error as 

it is displaced maximum from its real position after 

implementing centroid algorithm. Similarly, node 6 gives the 

minimum error as it is displaced minimum. The average error 

of all 10 unknown nodes comes out to be 0.2807 meter. 

4.2 Neural Network Based Approach 

In case of neural networks, real coordinates of unknown 

nodes are provided as the input to the network and with the 

help of neural networks output data is achieved. This output 

is the estimated coordinate location of unknown nodes 

achieved by neural networks. Now the output data is 

compared with the target data and the variation between 

output data and target data becomes the error. Here to obtain 

the higher accuracy of localization Radial Basis Network is 

used. For performing these neural networks, we need to train 

the networks. Therefore, these networks can be trained by 

taking 10 neurons, 50 epochs, training function as 

Levenberg-Marquardt (TRAINLM), adaption learning 

function as LEARNGDM and performance function as mean 

squared error (MSE).These neural networks are trained and 

generated by using the parameters given in Table 2. 

Table 2: Simulation parameters for neural networks 

PARAMETERS VALUES 

Number of neurons 10 

Number of epochs 50 

 

 

Fig. 2. Error estimation for 10 nodes using 

Radial Basis Networks 

The above Fig 2 represents the estimated error for 10 

individual unknown nodes using radial basis networks in 

which node 9 shows the maximum error. The average 

estimated error for 10 unknown nodes comes out to be 

7.7297e-07 meters.  

Table 3: Performance Comparison for 10 unknown nodes 

             METHOD                  ERROR IN METERS 

                Centroid Algorithm         0.2228 

                 Radial Basis N/ws          7.7297e-07 

 

 The above Table 3 shows the performance comparison of 

the experimental results. The average localization error have 

been used to evaluate the performance of different 

localization schemes for all unknown sensor nodes. After 

comparing the values, we can say that radial basis neural 

networks have best performance than the centroid and 

Gradient method on the basis of estimated error. Therefore, 

implementing radial basis neural network in localization is a 

better choice for higher localization accuracy. 
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5. CONCLUSION 

In this paper, centroid algorithm and radial basis 

different neural networks have been discussed and their 

performances are evaluated on the basis of error estimation. 

Accurate localization of wireless devices is a crucial 

requirement for many applications. Therefore, neural 

networks based approached have been used to obtain better 

accuracy. It can be seen that radial basis neural networks 

give better results than the other networks when error is 

taken into consideration. Therefore, neural network 

implementation is a better option to obtain higher accuracy 

for localization in wireless sensor networks required for 

Internet of Things. 
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