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Abstract- Presently, Wireless Sensor Networks (WSNs) 

have notably emerged as one of the forefront areas of 

technical research because of the diverse applications 

of WSNs includes monitoring, controlling, navigation 

and surveillance. Essentially, a WSN consists of 

numerous tiny sensor nodes that are randomly 

distributed across a designated area. These nodes are 

capable of collecting and transmitting data to a sink 

node. The performance efficiency of a WSN in the 

aforementioned applications largely hinges on several 

key parameters: the Number of Nodes (NN) or Node 

Density, Communication Range (CR) and Anchor 

Nodes (AN). In this research paper, we aim to 

minimize errors in a WSN by calculating the 

communication range estimates between sensor nodes 

using Root Mean Square Error (RMSE) simulation 

analysis. This analysis for varying communication 

ranges is conducted using the Received Signal Strength 

Indicator (RSSI) method in MATLAB. 

 

Index Terms – AN-Anchor Nodes, CR-Communication 

Range, NN-Number of Nodes, RSSI-Received Signal 

Strength Indicator, RMSE-Root Mean Square Error. 

WSNs-Wireless Sensor Networks 

 

I. INTRODUCTION 

 

The field of Wireless Sensor Networks (WSN) is a 

multidisciplinary area of research that offers a 

diverse array of applications, spanning from 

domestic settings to industrial uses, as well as 

medical and military domains. Sensors can be 

integrated into structures [1], deployed across 

battlefields [2], or embedded in forests [3], 

effectively delivering sensed information that 

enables prompt action for specific applications. 

Typically, these applications necessitate large-scale 

networks comprising hundreds of small, battery-

powered, and wirelessly connected nodes. 

 

A WSN is a network of tiny sensor node devices 

that can communicate the information gathered 

through wireless links in a specified area. Generally, 

the sensor nodes are deployed randomly and hence 

precise location information of sensor nodes is 

critical for the success of the WSN [4, 5]. Hence, the 

position of the sensors is unknown and must be 

estimated by localization techniques. Localization in 

sensor networks is to identify the location or 

position of the sensor nodes which are deployed 

randomly in a specified region [6]. The environment 

in a WSN is monitored by the sensor nodes which 

are deployed and possess an onboard processor. 

The deployed sensors in the network are connected 

to the Base Station which acts as a processing unit 

in the WSN System. Base Station in a WSN 

System is connected through the Internet to share 

data. WSNs are a very promising tool for 

monitoring events and are used in many  fields-such 

as agriculture, environmental monitoring of air-

water pollution, greenhouse, health monitoring, 

structural monitoring etc [7-13]. 

 

Since the sensor nodes are randomly deployed, the 

efficiency of a WSN relies on the localization of 

sensor nodes. Several localization techniques have 

been proposed to provide location information of the 

unknown sensor nodes in WSNs. Broadly, 

localization techniques are divided into two 

categories:  Range based and Range free methods. 

In range based method, the location of the sensor 

node can be determined by distance or angle 

estimates. These methods include Time of Arrival 

(ToA), Time Difference of Arrival (TDoA), Angle 

of AoA) and Received Signal Strength Indicator 

(RSSI) [14-17]. The location information provided 

by these methods is accurate but requires additional 

hardware for computation which results in increase 

of bulkiness and cost of the device. In range-free 

method, the location of the sensor is estimated on 

the basis of hop information. APIT, DV-Hop and 

Centroid are some of the methods. The advantage of 

these methods is that they do not require any 
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additional hardware and hence are cost effective and 

consume less energy [18].  

 

1.1. Localization of  Sensor nodes and its stages 

Estimating the exact position of sensor nodes 

deployed in a specific area is a challenging and 

important research problem. The accuracy of the 

location of sensor nodes impacts the efficiency of 

the WSN. The three different stages in localization 

of nodes are, (i) Distance/Angle estimation between 

the nodes (ii) Position computation of a single node 

(iii) Localization algorithm - used for localization of 

all the nodes in the network [18]. From the inception 

of WSNs- many different techniques with varying 

accuracy and complexity were proposed at each 

stage.  

 

I Stage: Distance/Angle Estimation: The estimation 

of distance /angle is a pre-requisite for the next two 

stages of localization of nodes. These methods refer 

to the measurement of distance or angle between the 

transmitter and receiver nodes.Different techniques 

include - Time of Arrival (ToA), Time Difference of 

Arrival (TDoA), Received Signal Strength Indicator 

(RSSI) and Angle of Arrival (AoA). 

 

II Stage: Position Calculation: GPS an existing 

method-cannot be used for the localization of 

wireless sensor nodes due to various constraints. 

Initially, estimation of a nodes distance or angle is 

computed and its own position can be computed 

using any one of the methods such as - central 

position, trilateration, multilateration, triangulation 

and probabilistic approaches. Selection of a method 

for an application depends upon the information 

available and the processors limitations [19].  

 

III Stage: Localization algorithm: This is an 

important stage of localization system – a 

localization algorithm utilizes the information 

collected in the previous two stages. Broadly, 

localization algorithms in WSNs are divided into 

two categories: (i) Distributed, and (ii) Centralized. 

Centralized localization requires the migration of 

internode ranging and connectivity data to a 

sufficiently powerful central base station. 

Centralization is much more complex than a 

distributed environment. It defines a method of 

transformation of information to localize sensor 

nodes cooperatively. The efficiency and accuracy of 

this stage is affected by three parameters- 

deployment environment, the ranging method, and 

the relative geometry of unknown nodes to the 

anchor nodes [20, 21].  

Range based and Range free localization is the two 

most common methods of localization. Range based 

localization algorithms use the range – distance or 

angle information from the anchor node to estimate 

the location. Several ranging techniques exist to 

estimate an unknown node distance to three or more 

anchor nodes. Based on the range information, 

location of a node is determined. Some of the range 

based localization algorithm includes: Received 

signal strength indicator (RSSI), Angle of arrival 

(AoA), Time of arrival (ToA) [22]. Time difference 

of arrival (TDoA). Range-free localization 

algorithms use connectivity information between 

unknown node and landmarks. A landmark can 

obtain its location information using GPS or through 

an artificially deployed information. Some of the 

range-free localization algorithm includes: Centroid, 

Appropriate point in triangle (APIT) and DV-HOP 

[23].  

 

In the experiment, simulation of range based method 

using received signal strength is considered for 

sensor nodes localization. The measured range in 

the above mentioned methods are based on the 

establishment of mathematical models [24]. The 

localization algorithm, adaptive information 

estimation strategy is proposed in which, the 

unknown sensors are localized by an estimator that 

includes pair-wise measurements between all the 

sensors in the network. The determination of range 

estimates is computed and plotted against the range 

estimated error calculated by RMSE [25].  

 

II. METHODOLOGY 

 

Adaptive Information Estimation Strategy AIES-

RSSI Algorithm - sensors work together in a peer-

to-peer manner and pair-wise measurements are 

calculated. Also, an estimator estimates all positions 

of the sensor nodes. Measurements between any 

pairs of sensors aids the location estimate and 

enhances the accuracy of the localization system. 

By means of statistical models based on the pairwise 

measurements, distances can be estimated. The 

distance error added to the true pairwise distances 

can be based on a statistical model for RSSI. The 

AIES-RSSI methodology is divided into two 

modules- 

2.1. Module 1: WSN Deployment 

2.2. Module 2: RSSI statistical model 

implementation with AIES 
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2.1. Module 1: WSN Deployment 

The number of anchor nodes and unknown nodes 

are specified. The coordinates of each node is 

generated randomly and the communication 

between one node to another is defined to obtain the 

set of nodes within the communication range to 

form a subset of the WSN. 

Step 1: Specify the number of anchor nodes and 

unknown nodes 

Step 2: Randomly generate the coordinates value 

(x,y) for the defined number of nodes 

Step 3: Define the communication range 

Step 4: Deployment of nodes for WSN 

Step 5: Filter the nodes having more than the 

communication range to form the subset of nodes. 

Step 6: Connected WSN 

 

2.2. Module 2: RSSI Statistical Model 

Implementation with AIES 

RSSI estimates the distance traversed by a signal to 

the receiver by measuring the power of received 

signal. Radio signal attenuates as the distance 

between the transmitter and receiver increases. With 

the increase in distance, strength of radio signal 

decreases exponentially. The attenuation in signal 

strength is measured by the receivers received signal 

strength indicator (RSSI) circuit. The advantages of 

this method is that it requires no additional hardware 

and the energy consumption, sensor size and cost 

does not affect the functioning of the WSN. The 

main disadvantage being that it is sussceptible to 

interference and noise. A radio propagation model 

ideally predicts the distance d as   

 

 

 

where Po is the received power in dBm at a short 

reference distance do. The log-normal model is 

based on measurement results and analytical 

analysis [26, 27]. The standard deviation of the 

received power is expressed as σdB , it is relatively 

constant with disatnce and has a low of two and a 

high of four. Thus, the received power at i, when 

transmitted by a sensor j, Pi,j is represented as – 

 

 

where P(di,j ) is the mean and σdB
2 is the variance. 

From the log-normal model the variance determined 

are proportional to the distances. The actual 

transmitter – reciever seperation distance di,j is given 

by, 

 

 

 

Lastly, the computation of the RMSE is achieved to 

determine the localization performance 

 

 

 

Algorithm : 

Step 1: Sensor nodes are deployed in a specific area 

Step 2: Selection of subset  

Step 3: Using RSSI model, the received power is 

represented 

Step 4: Ө-variances are determined 

Step 5: Submatrices-Calculation of Fisher 

Information  

Step 6: Submatrices are merged to form the FIM 

Step 7: Invert FIM to obtain variance of the 

estimators. 

Step 8: Computation of RMSE 

 

III. SIMULATION ANALYSIS & RESULTS: 

 

The range estimates are determined using MATLAB 

simulation by varying the network parameters that 

affect the localization error calculated by RMSE. 

The parameters that affect localization are - 

3.1. Node Density (NN) 

These are the total number of nodes in a network, 

and in this simulation study they are varied from 10-

1000 nodes. 

 

3.2. Anchor Nodes (AN)  

These are the nodes whose location is known and 

are deployed grid-wise; they are varied from 3-20. 

 

3.3. Communication Range (CR) 

This is the range or the propagation distance 

between the nodes and is varied from 5-50. 

 

Range estimates are determined using MATLAB 

Simulation. In this research paper, to study the 

performance of localization in a WSN - the analysis 

of the network parameter - Communication Range 

(CR) which affects localization is observed - by 

varying CR in the range 5 to 50 and keeping the 

NNs and ANs as constants. Variations in the above 

parameters are considered as cases1, 2 & 3 – a set of 

graphs - CRs Vs RMSE are plotted. The 

consolidated values are tabled and the 

corresponding graphs are as shown below. 

Case - 1: NN=50; AN=3 to 20; CR is varied 

between 5 to 50 and keeping the NNs and ANs as 
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constants, the observed consolidated values w.r.t. 

RMSE and the corresponding  set of graphs - CR Vs 

RMSE are plotted as shown below. 

 

Table 1: AIES-RSSI - Consolidated values for 

NN=50 

 

 

 

 

 

 

 

 

 

 

 

Graph 1: AIES-RSSI - Consolidated graph for 

NN=50 

 

Case - 2: NN=500. 

 

Table 2: AIES-RSSI - Consolidated values for 

NN=500  

 

 

 

 

 

 

 

 

 

 

 

Graph 2: AIES-RSSI - Consolidated graph for 

NN=500 

Case - 3: NN=1000. 

 

Table 3: AIES-RSSI - Consolidated values for 

NN=1000 

 

 

 

 

 

 

 

 

 

 

 

 

Graph 3: AIES-RSSI - Consolidated graph for 

NN=1000 

 

From the above graphs, it is observed that, for the 

same number of nodes, if the communication range 

is increased, RMSE increases. Also, as the number 

of Anchor Nodes increases, RMSE value decreases 

for the corresponding communication ranges.  

 

IV. CONCLUSION 

 

To estimate positions of sensor nodes for the 

evaluation of localization errors, the range based 

technique RSSI was employed. For the simulation 

results using MATLAB,various localization 

parameters are considered like sensor nodes 

deployment area, number of nodes to be deployed, 

number of anchor nodes and communication range. 

Since localization error is the deviation of the 

estimated node location from the actual node 

location, the metric RMSE was computed and 

tabulated. Using the statistical RSSI model- based 

on the pair-wise measurements, distances are 

estimated. Case studies with different conditions- 

for different ANs and CRs were considered and 

graphs for CRs versus RMSE are plotted. The 

simulation results using MATLAB indicate an 

optimization of CRs to maintain an average RMSE 

error for different scenarios. This indicates 

minimization in localization errors of the sensor 

nodes used in the wireless sensor network. 



© May 2025 | IJIRT | Volume 11 Issue 12 | ISSN: 2349-6002 

IJIRT 178537   INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY      3891 

REFERENCES 

 

[1] Li, M., & Yunghao. L. (2007). Underground 

Structure Monitoring with Wireless Sensor 

Networks. In Proceedings of International 

Symposium on Information Processing in 

Sensor Networks, Cambridge, pp.69-78. 

doi:10.1109/IPSN.2007.4379666 

[2] Alsharabi, N., Fa, L. R., Zing, F., & Ghurab, 

M. (2008). Wireless Sensor Networks of 

Battlefields Hotspot Challenges and Solutions. 

In Proceedings of the 6th International 

Symposium on Modelling and Optimization in 

Mobile, Ad Hoc and Wireless Networks and 

Workshops, Berlin, pp.192-196. 

doi:10.1109/WIOPT.2008.4586064 

[3] Hefeeda, M., & Bagheri, M. (2007). Wireless 

Sensor Networks for Early Detection of Forest 

Fires. In Proceedings of International 

Conference on Mobile Ad Hoc and Sensor 

Systems, Pisa, pp. 1-6. 

doi:10.1109/MOBHOC.2007.4428702 

[4] Mohar, S. S., Goyal, S., & Kaur, R. (2018). A 

survey of localization in wireless sensor 

network using optimization technologies. 

IEEE. pp.1-3. 

[5] Sandamini, C., Maduranga, M. W. P., Tilwari, 

V., Yahaya, J., Qamar, F., Nguyen, Q. N., & 

Ibrahim, S. R. A. (2023). A review of indoor 

positioning systems for UAE localization with 

machine learning algorithms. Electronics, 

12(7):1533. doi.10.3390/electronics12071533 

[6] Cheng, L., Wu, C., Zhang, Y., Wu, H., Li, M., 

& Maple, C. (2012). A survey of localization 

in wireless sensor network. International 

Journal of Distributed Sensor Networks, 

Volume. 2012, Article ID 962523, pp.1-12. 

doi.10.1155/2012/962523 

[7] Srbinovska, M., Gavrovski, C., Dimcev, V., 

Krkoleva, A., & Borozan, V. (2015). 

Environmental parameters monitoring in 

precision agriculture using wireless sensor 

networks. Journal of Cleaner Production. 

88:297-307. 

[8]     Kho, E. P., Chua, S. N. D., Lim, S. F., Lau, L. 

C., & Gani, M. T. N. (2022). Development of 

young sago palm environmental monitoring 

system with wireless sensor networks. 

Computers and Electronics in Agriculture. 

193:106723. 

[9] Zervopoulos, A., Tsipis, A., Alvanou, A.G., 

Bezas, K., Papamichail, A., Vergis, S., 

Stylidou, A., Tsoumanis, G., Komianos, V., 

Koufoudakis, G., & Oikonomou, K. (2020). 

Wireless sensor network synchronization for 

precision agriculture applications. Agriculture 

10(3):89. 

[10] Yu, Q., Xiong, F., & Wang, Y. (2022). 

Integration of wireless sensor network and IoT 

for smart environment monitoring system. 

Journal of Interconnection Networks. 22(supp 

02):2143010 

[11] Ullo, S. L., & Sinha, G. R. (2020). Advances 

in smart environment monitoring systems 

using IoT and sensors. Sensors. 20(11):3113. 

[12] Kumar, P., & Reddy, S. R. N. (2020). 

Wireless sensor networks: a review of motes, 

wireless technologies, routing algorithms and 

static deployment strategies for agriculture 

applications. CSI Transctions on ICT. 

8(3):331-345. 

[13] Indumathi, V., Bhavani, V. V., Jahan, T., 

Hemalatha Reddy, A., Sinjini, J., & 

Priyadharshini, M. (2025). Environmental 

Monitoring in Agriculture Using Wireless 

Sensor Networks (WSNs): Challenges and 

Applications. Proceedings of the Third 

International Conference on Cognitive and 

Intelligent Computing, Volume 1. ICCIC 

2023. Cognitive Science and Technology. 

Springer, Singapore. doi.10.1007/978-981-97-

9262-7_20 

[14]  Sadowski, S., & Spachos, P. (2018). RSSI-

based indoor localization with the internet of 

things. IEEE Access. Vol. 6: pp. 30149-30161. 

doi: 10.1109/ACCESS.2018.2843325 

[15] Luomala, J., & Hakala, I. (2019). Analysis and 

evaluation of adaptive RSSI-based ranging in 

outdoor wireless sensor networks. Ad Hoc 

Networks. 87: pp.100-112 

[16]  Shen, Z., Zhang, T., Tagami, A., & Lin, J. 

(2021). When RSSI encounters deep learning: 

an area localization scheme for pervasive 

sensing systems. Journal of Network and 

Computer Applications. 173(C): 

doi.10.1016/j.jnca.2020.102852 

[17] Zhang, K., Dai, J.,  Yu, X., & Zhang, G. 

(2024). Distance correction range-free 

localization algorithm for WSNs. Ain Shams 

Engineering Journal. 15(9): 102924. 

https://doi.org/10.3390/electronics12071533
https://doi.org/10.1109/ACCESS.2018.2843325
https://doi.org/10.1016/j.jnca.2020.102852


© May 2025 | IJIRT | Volume 11 Issue 12 | ISSN: 2349-6002 

IJIRT 178537   INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY      3892 

doi.10.1016/j.asej.2024.102924 

[18] Amitangshu Pal. (2010). Localization 

algorithms in wireless sensor networks: 

Current approaches and future challenges. 

Network Protocols and Algorithms. 2(1):45-

73. 

[19] Boukerche, A., Oliveira, H. A. B. F., 

Nakamura, E. F., & Loureiro, A. A. F. 

(2007). Localization systems for wireless 

sensor networks. IEEE Wireless 

Communications. 14(6), 6-12. 

[20] Pandey, S., & Varma, S. (2016). A range 

based localization system in multihop 

wireless sensor networks: A distributed 

cooperative approach. Wireless Personal 

Communications. 86: 615-634. 

doi.10.1007/s11277-015-2948-3 

[21] Sudha H.Thimmaiah., & Vidya Honguntikar. 

(2024). Estimation of Error Minimization of 

Anchor Nodes in WSNs Using Range Based 

Method. International Journal of Engineering 

Research and Applications. 14(3):104-112. 

doi.10.9790/9622-1403104112 

[22] Li, X., Shi, H., & Shang, Y. (2004). A Partial-

Range-Aware Localization Algorithm for Ad-

hoc Wireless Sensor Networks. In 

Proceedings of the 29th Annual IEEE 

International Conference on Local Computer 

Networks, LCN '04, pp. 1-7. 

doi:10.1109/LCN.2004.8 

[23] Wang, Y., Wang, X., Wang, D., & Agrawal, 

D.P. (2009). Range-Free Localization Using 

Expected Hop Progress In Wireless Sensor 

Networks. IEEE Transactions on Parallel and 

Distributed Systems, 20(10): 1540-1552. 

DOI:10.1109/TPDS.2008.239 

[24] Patwari, N., Ash, J. N., Kyperountas, S., Hero, 

A. O., Moses, R.L., & Correal. N.S. (2005). 

Locating the nodes: Cooperative localization 

in wireless sensor networks. IEEE Signal 

Processing Magazine. 22(4): 54-69. 

doi.10.1109/MSP.2005.1458287 

[25] Ruz, M. L., Garrido, J., Jimenez, J., 

Virrankoski, R., & Vazquez, F. (2019). 

Simulation tool for the analysis of cooperative 

localization algorithms for wireless sensor 

networks. Sensors, 19(13): 2866. 

doi:10.3390/s19132866 

[26] Rasool, I., & Kemp, A. H. (2013). Statistical 

analysis of wireless sensor network gaussian 

range estimation errors. IET Wireless Sensor 

Systems, 3(1):57-68. doi.10.1049/iet-wss. 

2012.0073 

[27] Paul, A. K., & Sato, T. (2017). Localization in 

wireless sensor networks: A survey on 

algorithms, measurement techniques, 

applications and challenges. Journal of Sensor 

and Actuator Networks. 6(4): 24. 

doi:10.3390/jsan6040024 

  

  

  

 

https://doi.org/10.1016/j.asej.2024.102924
https://doi.org/10.1007/s11277-015-2948-3
https://doi.org/10.1109/TPDS.2008.239
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1109%2FMSP.2005.1458287?_sg%5B0%5D=p_eZGl139bjLxnKBsg_nmU17PO2d1cgIh4-n-dXY69mDoyq7D0AGPUs8ZD-Y7QFygiE-wtEIoMrOa4iFEn9qOo4I5Q.XKZADCrdvTD4NCmTt5U9xzfDpvJRAN-AqyXSYU1QsRP4KHAAXFuQRTKkdT6EP__FwxSz_SIssSG5u8aC_VZcsA
https://dx.doi.org/10.3390%2Fs19132866
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=5704589
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=5704589
https://doi.org/10.1049/iet-wss.2012.0073
https://doi.org/10.1049/iet-wss.2012.0073

