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1. Introduction 

Recently, wireless sensor networks (WSN) receive a wide world interest. A WSN is a network of sensor nodes that 

are spatially distributed in different locations and can work collaboratively to transmit data collected from an investigation 

area. The WSN technology comes with various advantages over traditional networking solutions, such as flexibility, 

scalability, inexpensive costs, and ease of deployment in an enormous range of applications [1]. 

Many IoT applications, that deploy wireless sensor nodes, need the nodes to be aware of their positions relative to 

the sensor network [2]. The data collected from different nodes can be coupled with their locations in order to give more 

significant information. For example, the readings for soil humidity sensors, collected from a smart agriculture field, 

should be referred to the relative positions from where these readings were gathered. Thus, the smart system can decide 

the field locations that require irrigation [3]. 

Abstract: Wireless Sensor Network (WSN) is a technology that can aid human life by providing ubiquitous 

communication, sensing, and computing capabilities. It allows people to be more able to interact with the 

environment. The environment contains many nodes to monitor and collect data. Localizing nodes distributed in 

different locations covering different regions is a challenge in WSN. Localization of accurate and low-cost sensors 

is an urgent need to deploy WSN in various applications. In this paper, we propose an artificial automatic neural 

network method for sensor node localization. The proposed method in WSN is implemented with network-based 

topology in different regions. To demonstrate the accuracy of the proposed method, we compared the estimated 

locations of the proposed feedforward neural network (FFNN) with the estimated locations of the deep feedforward 

neural network (DFF) and the weighted centroid localization (WCL) algorithm based on the strength of the received 

signal index. The proposed FFNN model outperformed alternative methods in terms of its lower average localization 

error which is 0.056m. Furthermore, it demonstrated its capability to predict sensor locations in wireless sensor 

networks (WSNs) across various grid-based topologies. 
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Traditional ways are used for identifying sensors locations, such as global positioning system (GPS) [4]. Using GPS 

is not feasible for wireless sensor for several reasons. GPS has some limitations on location determination. It is able to 

determine the locations for outdoor sensors, while it cannot determine the specific locations for indoor sensors since the 

line of sight from the GPS satellite is not available. Moreover, the sensor nodes require external hardware to be equipped 

with GPS. 

Many researchers propose various methods, techniques and algorithms based on different properties of sensor nodes 

to solve position estimation and localization problem. The researches mostly consider the computational complexity of 

the localization technique and the localization accuracy [5-7]. 

The analytical methods have been used to address the sensor node localization process. These methods are 

subdivided into two categories [8]:  

i. The first category encompasses the range-based position algorithms [9]. They are used to compute the 

absolute distance between two nodes and, then, estimate the location for the unknown node. Moreover, 

they require using special hardware for estimating the location of the unknown nodes, and, thus, the 

design of the sensor node becomes more complex and leads to an increase in the associated costs. 

Examples on range-based position algorithms are time of arrival (TOA) [10] and angle of arrival (AOA) 

[11].  

ii. The second category encompasses the range-free position algorithms [12]. They use the connectivity 

information to estimate the distance between the anchor node and the unknown node. Moreover, they do 

not need additional hardware for the localization process, and, thus, they are cost-effective and very 

attractive schemes for WSNs. Examples on range-free position algorithms are distance vector-hop (DV-

Hop) [13], amorphous [14], and the centroid algorithm [15]. 

Emerging approaches have adopted artificial neural networks (ANN) in machine learning for the sake of node 

localization during the data collection phase. In [16], the proposed system use the WCL algorithm combined with a neural 

network to improve positioning accuracy. In [17], the author proposed to use weighted centroid methods and received 

signal strength indicators as primary factors achieving 97% localization accuracy. In [18], the RSSI-based weighted 

centroid method was used and the localization accuracy was used by iterative methods to gain the maximum possible 

accuracy level. In [19], a flexible location estimation algorithm is proposed using a generalized regression neural network 

(GRNN) and weighted centroid localization and the simulation and experimental results indicate that the location 

accuracy is satisfactory. In [20], a positioning system for the indoor wireless sensor networks based on the artificial neural 

network was introduced. The positioning systems use the received signal strength indicator (RSSI) as a substitute for the 

distance for localizing sensor nodes. ANN used to find the relation between the RSSI and the sensor node locations in 

the indoor environment.  In [21], a feedforward neural network was used in the fingerprint methodology for indoor 

localization, where WSN sensor nodes were placed on fixed positions in an experimental room. This work demonstrates 

a solution for indoor localization based on created database RSSI measurements and trained neural network.  In [22], 

Kumar proposed a methodology that uses an FF neural network with three hidden layers 12-12-2 for the node localization 

in WSNs. The input to the proposed methodology is the received signal strength indicator values of the signal received 

from the anchor nodes.  In addition, Battiti et al. [23] proposed a method based on neural networks for reducing the errors 

in determining the locations of mobile nodes.  This method used a training algorithm based on second-order information 

to evolve flexible models for the relationship between the location data and raw signal measurements. The paper in [24] 

proposed a multi-layer neural network that adopted TOA method for estimating the distance between nodes. This neural 

network model is trained to handle different noise measurements. Eventually, each of the aforementioned methods has a 

trained neural network capable of performing localization. The methods showed various performances, efficiencies, and 

accuracies. The restriction of these methods is that their neural networks are not able to deal with different areas for 

different network topologies. 

In this paper, a low-cost localization procedure is realized utilizing a suggested FFNN model with good accuracy 

and adaptivity for varied network topologies. A comparison analysis is performed between two different types of neural 

networks, FFNN and DFF. In addition, an investigation of the adaptability of the FFNN model in the localization process 

of multiple dimensions of WSN is presented. As a result, the produced model investigates how well the FFNN model 

scales to different network sizes, from small-scale deployments to large-scale sensor networks covering huge areas and 

achieving good localization accuracy. 

The paper proceeds as follows: section 2 presents the proposed methodology. Section 3 presents the simulation for 

the neural network and the evaluation. Finally, section 4 concludes the work. 

 

2. Proposed Methodology 

In this section, we show the methodology we followed for building our neural network. Our neural network uses the 

locations of the unknown node estimated from the WCL algorithm, which is described in section 2.1. Moreover, in section 

2.2, we show the proposed neural networks topologies. 
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2.1 Weighted Centroid Localization Algorithm Based on RSSI 

The weighted centroid algorithm technique depends on the information from the received signal strength indicator 

between the unknown node and the anchor nodes. Its basic idea is to calculate the distance between the anchor and the 

unknown node.  If there is no communication between the anchor and unknown node, then the value of RSSI is zero. If 

the unknown node is within the communication range, then more influence is given to the anchors that are nearer to the 

unknown node and use the data received from them for the localization process. Thus, WCL introduces the weights of 

the beacons depending on their RSSI towards the unknown node. 

Assuming that we have n number of anchor nodes in wireless sensor network, and their coordinates (𝑥1, 𝑦1), 
(𝑥2, 𝑦2), (𝑥3, 𝑦3), (𝑥4, 𝑦4), …, (𝑥𝑛 , 𝑦𝑛). By using WCL algorithm, the estimated coordinates (𝑥𝑒𝑠𝑡 , 𝑦𝑒𝑠𝑡) for the 

unknown node computed through the following formulas: 
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Where, (𝑥𝑒𝑠𝑡 , 𝑦𝑒𝑠𝑡) is the estimated coordinate for the unknown node, wi is the weight for the anchor node, and RSSI 

is the received signal strength from the anchor node. 

Consequently, we can conclude that, from the previous formulas, the signal transmission distance is an important 

factor in the localization process. For instance, the greater distance we have the smaller signal strength we receive. Thus, 

the value of RSSI reflects the distance between nodes. 

The localization error (E) [25], which is the difference between the actual location (X, Y) and the estimated location 

(𝑥𝑒𝑠𝑡 , 𝑦𝑒𝑠𝑡) for the unknown nodes, and that is impacted by communication radius [26], can be computed as in Eq. (4):  
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                                             (4) 

Where CR is the communication range, (X, Y) is the actual location for the sensor nodes, and n is the number of 

anchor nodes. Finally, the localization precision is influenced by wireless signal propagation path loss that has an 

important role in the localization process. Accordingly, in this paper, we adopted a realistic model, log-normal shadowing 

path loss model [27], that can be applied in an indoor and outdoor environment, and defined as in Eq. (5): 
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Where PL(d) is the path loss after distance d, n is the path loss exponent, typically n = 2 ~ 6, 𝑥𝜎  is zero means 

Gaussian distributed random variable whose mean value is 0 and it reflects the change of the received signal power in a 

certain distance, 𝑑0 is reference distance and usually equals 1 meter, and PL(𝑑0) is a known reference power value at a 

reference distance 𝑑0 from the transmitter. 

According to the aforementioned factors and formulas, the WCL algorithm can be computed according to the 

described pseudo-code in Fig. 1. 

 

2.2 Artificial Neural Network Topology 

In this work, two promising neural network topologies have been developed for estimating sensor node locations in 

wireless sensor networks. The first model is the feedforward neural network (FFNN), and the second is the deep 

feedforward neural network (DFF). 

The FFNN is a type of artificial neural network in which the data is introduced in the forward direction. This network 

consists of interconnection neurons with their activation functions. The neurons are arranged into layers, the first layer is 

called the input layer, followed by the hidden layer and the last layer is called the output layer. 
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The input signals are propagated from the input layer, on the left, to the output layer, to the right, passing through 

the hidden layer. The hidden layer detects the input patterns hidden features and then uses these features in the output 

layer to compute the final output. The structure of the proposed FFNN is shown in Fig. 2. 
 

 

Inputs: length and width of the simulation area, number of unknown nodes, number of anchor nodes, 

communication range (𝐶𝑅), transmitted power (𝑃𝑡 ) 
Algorithm: 

Step1: Distribute the anchors in grid form in the simulation area 

Step2: Distribute the unknown nodes randomly 

Step3: Compute the distance (𝑑) between the anchors and unknowns 

Step4: IF (𝑑<=𝐶𝑅) THEN 
    Step5: Compute the value of RSSI using log-normal shadowing model 
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    Step7: Compute the estimated coordinate of the unknown node
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    Step8: Compute the localization error 
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Step9: END IF 

 
 

Fig. 1 - Weighted centroid localization algorithm 

 

 
Fig. 2 - Structure of the proposed FF neural network 

 
As illustrated in Fig. 2, the developed FF model is composed of three layers. The input layer consists of five nodes, 

which are the X and Y coordinates for the actual locations of the sensor node, the number of used anchors, the width and 

length of the network area. The hidden layer consists of 20 nodes. The output layer consists of 2 nodes that produce the 

(Xest, Yest) coordinates for the estimated sensor node location. 
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The other proposed neural network topology is the DFF, shown in Fig. 3.  It consists of the input layer with 5 neurons, 

two hidden layer with 20 neurons in each layer, and the output layer.  The input and output layers are specified in the 

same manner as the proposed FF neural network. 

 

 
Fig. 3 - Structure of the proposed DFF 

 
In the both proposed structures, the hidden neurons use the hyperbolic tangent activation function, and the output 

neurons use the linear activation function. The actual output of the hidden neurons and output neurons [28] can be 

computed as in Eqs. (6) and (7): 
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Where 𝑥ℎ is the net weighted input for neuron in the hidden layer, 𝑥0 is the net weighted input for neuron in the 

output layer 𝑌ℎ is the node output in the hidden layers, 𝑌0 is the node output in the output layer. The net weighted input 

is calculated as in Eq. (8). 





n

i

ii
wxX

1

                                                             (8) 

Where n is the number of neural inputs, Ө is the threshold applied to the neuron, 𝑥𝑖 is the value of input i, and 𝑤𝑖  is 

the weight of input i. 

Many training algorithms are used in the training process, such as the gradient descent, and levenberg-marquardt 

(LM) algorithms. In our two proposed neural networks, the LM algorithm has been chosen as training algorithm. The 

LM training algorithm locates the minimum of the loss function which is the mean squared error (MSE). It is considered 

as the most efficient training algorithm for median size ANN; it makes a balance between the stability and training speed 

[29]. The LM algorithm was developed to approach second-order training speed with no need to compute the hessian 

matrix (H), which requires high computational effort. It requires calculations for the approximated hessian matrix (H), as 

given in Eq. (9): 

JJH
T

                                                              (9) 

Where J is the Jacobian matrix. To guarantee that H is invertible, the LM algorithm uses the modified H, as shown 

in Eq. (10): 

IJJH
T                                                             (10) 

Where µ is always positive, called combination coefficient, I is the identity matrix. Eq. (11) is used to calculate the 

loss function gradient vector when the performance function resembles the MSE. 
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Consequently, Eqs. (11) and (10) can be combined to express the update rule for LM algorithm as in Eq.(12) [30] : 
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The pseudo-code for LM algorithm is given in Fig. 4. 

 
 

Input: A training input vector (IN), desired output vector (ON) 
Output: A vector of modified weights and thresholds (W) 
Algorithm: 

Step1: Set all the weights and threshold levels of the network to random numbers 

uniformly distributed inside a small range [−2.4
𝑓𝑖 , +2.4

𝑓𝑖 ]  

Step2: Compute 𝑀𝑆𝐸 =
1

𝑛
 (𝑌𝑖 − 𝑌 𝑖)

2𝑛
𝑖=1  

Step3: WHILE (not stop-criterion) Do 

Step4: Compute ∆𝑤 = (𝐽𝐽𝑡 + 𝜇𝐼𝑚 )
−1𝐽𝑡𝑒 

Step5: Update the network weights (w)using Δw 

Step6: Recalculate MSE using the updated weights  

Step7: IF MSE descrease THEN μ=0.1μ 

Step 8: ELSE  discard the new weights and μ=10μ  

Step 9: END IF 

Step 10: END WHILE 

  
Fig. 4 - Levenberg Marquardt algorithm 

 
In FFNN model, before starting the training process, the input data should be introduced to the input layer in order 

to train the network to recognize the relationship between the input and output data. In addition, the data preparation 

should be done to transfer the data into better form in order to use it through the training process. This can be done 

through the normalization process. There are many normalization techniques used to get more reliable networks [31]. In 

this paper, the Min-Max normalization method [32] is used as shown in Eq.13. 
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Where I is the non-normalized input value for the training process, 𝐼𝑁 is the normalized input value, 𝐼𝑚𝑖𝑛 is the 

minimum value of the input vector, and 𝐼𝑚𝑎𝑥 is the maximum value for the input vector. 

After performing the training process, the output predicting results are observed. The normalized values must become 

normal values, as given by Eq.14. 
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Where O is the non-normalized output value for the training process, 𝑂𝑁 is the normalized input value, 𝑂𝑚𝑖𝑛 is the 

minimum value of the output vector, and 𝑂𝑚𝑎𝑥  is the maximum value for the output vector. 

In ANN, to find the optimal weights through the training process, the weights and thresholds should be initialized. 

Thus, weights and thresholds are commonly set to small values that are uniformly distributed in the range of  

(−
2.4

𝑓𝑖
, +

2.4

𝑓𝑖
) [33], where fi represents the number of neuron inputs. 

 

3. Simulation and Results 

3.1 Evaluation of the WCL Algorithm 

To evaluate the performance of the weighted centroid localization algorithm, we implemented it using MATLAB 

R2018a software. We had set up the following conditions for the simulation environment: 

1) The anchor nodes are regularly distributed in a network area of 100m x 100m and the number of these 

anchors is set to be 100. 

2) 37 unknown sensor nodes are deployed randomly in our experiment area. 

3) The communication range of sensor node (CR) is set to 20m.  

The network was generated using the parameters given in Table 1. 
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Table 1 - Parameters for weighted centroid algorithm [23] 

Parameters Values 

Number of anchor nodes 100 

Number of unknown nodes 37 

Communication range 20m 

Deployment area 

Transmitted power (Pt) 

100m × 100m 

10watt 

Path loss exponent (n) 1.8 

Reference distance (d0) 1 

 
Estimated locations for the 37 unknown nodes using the weighted centroid algorithm and the localization error for 

each one of them are illustrated in Fig. 5.  The dots represent the anchor nodes. The actual and estimated positions for 

sensor nodes using the WCL algorithm are indicated by stars and squares, respectively. 

 

 
Fig. 5 - Estimated and real positions for the testing data set and localization error using WCL algorithm 

 
Therefore Fig.5 demonstrate the result obtained from the WCL algorithm such that, Fig.5 (a) illustrate the actual and 

estimated locations for the random nodes. Moreover, Fig.5 (b), shows the error for each node separately. As a result, the 

average location error is equal to 0.1002. The second node has the maximum error, which means it has the maximum 

displacement from its actual position. In addition, node number 22 has the minimum error. 

 

3.2 Multi-Layer Network 

 Data collection 

Data collection for the FFNN is a critical issue. Therefore, our data-set consists of the input data that represents the 

random locations for the unknown nodes. The target output (𝑋𝑒𝑠𝑡 , 𝑌𝑒𝑠𝑡) is generated from an applied MATLAB code for 

the WCL algorithm. The RSSI measurements used in the WCL are explained in the previous section. The RSSI is the 

most important factor that is used to apply WCL algorithm for getting required data. 

The data used for the training process were obtained from sensor networks with varying dimensions. Examples of 

the training data used as part of the training set are illustrated in Table 2. 

 

Table 2 - Examples of the training set 

X Y Anchors Width Length Xest Yest 

63.2421 45.9368 100 100 100 63.8928 46.1567 

17.1165 44.4277 100 100 100 16.0529 43.7939 

89.8132 44.511 100 100 100 84.7544 45.0956 

16.7709 52.9684 225 150 150 16.0913 53.9389 
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124.7502 35.2376 225 150 150 125.0299 34.9931 

47.2888 96.1498 225 150 150 46.0366 96.1385 

68.5729 127.8781 400 200 200 67.3496 126.5028 

35.1601 34.7811 400 200 200 34.9888 35.0222 

28.3134 129.9582 400 200 200 27.8921 130.0209 

96.1611 62.3364 625 250 250 96.1209 64.027 

190.5943 4.1689 625 250 250 192.1931 9.3643 

154.826 91.0939 625 250 250 155.0135 93.025 

181.6974 122.3443 900 300 300 184.0838 124.0403 

178.9024 131.9046 900 300 300 178.0624 131.8682 

171.3831 150.7318 900 300 300 171.9142 151.989 

 
 Neural network structure 

A series of trails were performed to get the best neural network structure. Table 3 shows our trails for the proposed 

FF neural network. 

 

Table 3 - Summary of different structure trails FF neural network 

Number of Nodes Training Algorithm MSE Train MSE Test R 

10 LM 2.03107 2.16265 0.99779 

12 LM 2.10060 2.10978 0.999771 

15 LM 1.96859 2.12699 0.999783 

20 LM 1.44416 1.42572 0.999841 

25 LM 1.44641 1.62184 0.999842 

30 LM 1.53435 1.70304 0.999833 

20 GD 7.85491 8.08337 0.999144 

From Table 3, we can observe that the network with 20 hidden neurons using LM training algorithm is the best 

obtained structure. It has the least MSE with greatest correlation coefficient (R), and therefore, it has the best performance.  

Our trails for DFF neural network are shown in Table 4. 

 

Table 4 - Summary of different structure trails for DFF neural network 

Number of Nodes/ Neurons Training Algorithm MSE Validation R 

10-10 LM 2.0539 0.99979 

20-20 LM 1.7592 0.99984 

According to the observation in Table 4, we realize that the FF neural network outperforms the DFF neural network. 

Moreover, a network with 20-20 neurons in two hidden layers needs a large computational complexity and a processing 

time. 

 Evaluation of the proposed network models 

The performance of the FF neural network with 20 hidden neurons is analyzed in terms of the number of epochs 

versus MSE. This structure achieves the best performance compared to the other structures, such that, the best validation 

performance in terms of MSE is 1.5448 at epoch 300. See Fig. 6, which shows the FFNN performance. 
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Fig. 6 - The performance of FF neural network (Epochs vs. MSE) 

 

 

Fig. 7 - Regression of error for FF neural network 

 

For the training process, the data set was divided into 450 testing samples, 300 validation samples and 2250 training 

samples. Fig. 7, shows the results for the training and validation stage. As illustrated in Fig. 7 the measure error is very 

low. 

To compare our proposed FF neural network topology with the WCL algorithm, we implemented it on the same 

simulation environment using WCL algorithm. Fig. 8 show the estimated positions for 37 unknown nodes using FF neural 

network in 100m x 100m network area and the localization error for each unknown node. The dots represent the anchor 

nodes. The actual and estimated positions (using the FF neural network for sensor nodes) indicated by the stars and 

squares, respectively.   

As illustrated in Fig. 8, the average localization error for the 37 unknown nodes is equal to 0.056m, and the second 

node has the maximum error. By comparing the results obtained from the FF neural network with the WCL algorithm 

based on RSSI, we realized that our network model gives more accurate results. It achieves a less average localization 

error.  
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Fig.  8 - Estimated locations for 37 unknown nodes and the localization error for each node using FF neural 

network 

 

In addition, our FF neural network model has the ability to predict the locations for the sensors in different WSNs 

areas. The average localization error for all the unknown sensor nodes is used to evaluate the performance of the 

localization schemes. Summary of performance comparison for 37 unknown nodes is shown in Table 5. 

 

Table 5 - Estimated localization error using WCL and FF network 

Method Error in meters 

Weighted centroid localization algorithm 0.1002 

Feedforward Neural Network 0.056 

 
Patterned topologies for WSNs [34] provide a longer network lifetime than the randomly deployed WSNs when they 

used the same number of sensors. Moreover, this type of WSNs can efficiently save energy. Therefore, we built our FF 

neural network model to be able to predict the sensor node locations in grid-based WSNs with different areas.  

The estimated locations for the unknown nodes in different WSNs areas and different number of anchor nodes can 

be obtained using our model with high accuracy as shown in Fig.9 – Fig.12. The localization error for these sensor nodes 

in each area using the FF neural network is summarized in Table 6. 

 

Table 6 - Estimated localization error 

Network Area Error in Meters 

150m × 150m 

200m × 200m 

250m × 250m 

300m × 300m 

0.0585 

0.0507 

0.0515 

0.0519 
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Fig. 9 - Estimated locations for 21 unknown nodes distributed in area 150m x 150m (a) zoom out; (b) zoom in; 

(c) localization error 

 

 
Fig. 10 - Estimated locations for 21 unknown nodes distributed in area 200m x 200m (a) zoom out; (b) zoom in; 

(c) localization error 
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Fig. 11 - Estimated locations for 21 unknown nodes distributed in area 250m x 250m (a) zoom out; (b) zoom in; 

(c) localization error 

 

 
Fig. 12 - Estimated locations for 21 unknown nodes distributed in area 300 x 300m2 (a) zoom out; (b) zoom in; 

(c) localization error 

 

4. Conclusion 

In this study, an artificial feedforward neural network based on the weighted centroid technique was presented for 

the localization of wireless sensor nodes. The neural network was constructed and trained to predict the positions of 

sensing nodes inside grid-based topologies wireless sensor networks with many diverse areas. 

The estimated node locations obtained from the FFNN, the DFF neural network, and the WCL method were 

compared. The results reveal that FFNN surpasses both DFF and WCL in terms of localization accuracy and adaptation 

to diverse WSN situations. The acquired results show a reliable, accurate, and low-cost localization technique. In the 

future, the proposed model can be modified to be employed in practical applications in real-world environments. 
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