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Abstract 

Wireless Sensor Network Localization is a crucial facet that has promoted a convincing 

exploration in research with academic society. WSN can be defined as the collection of small, 

low-cost sensors that broadcast themselves in offhand fashion and congregate environmenatal 

changes in it range. The reference nodes in the WSN transmits data into the base station and 

the base station grants these data to be used by the end user. Localization is the process of 

computing the location of the wireless gadgets in a network system which is collection of a 

huge quantity of low-cost nodes and it is a vital component in determining the base of 

occurrence. The proposed approach describes a method that aids to monitor the movement of 

breathed ship during the tidal variation occurs. Sensor Node Localization in WSN is 

performed with RSSI, modified centroid and triangular methods. The experiments are done 

with the help of Cooja simulator and it outperforms all the conventional methodologies with 

highest location accuracy in minimal steps. 

 

Keywords: Localization, received signal strength indicator, weighted centroid method, 

triangle, WSN. 

Introduction 

Localization in WSN is broadly used for estimation the current location of the sensor nodes. 

The essential objective of WSN is to look at the measures of objective parameter within the 

position where it is put and to precisely appraise the question occasion, discovery of 

occasions and to sense the information [1]. The factors such as temperature, sound, level of 

emission, humidity, wind environmental conditions are quantified by WSNs. There are 

thousands of nodes placed in WSN and installation of GPS in each sink node is a tedious task 
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and GPS will not provide an explicit location in indoor environment. Also, in a complex 

WSN manually constructing the location relation on each sensor node is practically 

impossible. On the other hand, the GPS signals may get disrupted due to cellular network 

issues. This in turn effects the sink nodes in such a way that they cannot find the precise 

position without using the additional device. Localization of the sensor nodes is 

comprehensively analyzed over time and the research relies on miniature nodes called 

reference node in which the node is sentient to its current location. WSN can be used for 

monitoring as well as the management of substantial and physical environment factors. With 

the aid of hop-by-hop communication the collected data can be shared by calculating the 

various parameters [2]. Based on the application and prepare to assess the location the 

calculations can be categorized into distinctive areas. Range-free localization calculations can 

be utilized as a substitute for Range based localization strategies with persuaded accuracy. 

With the intention of diminish the overall fare of the network, anchor nodes which are aware 

of its position is installed in the GPS network. Depending upon the position of anchor/beacon 

nodes the other free nodes can predict its locations. It’s vicinity of the nodes for the centroid 

format employments a grained localization calculation which identifies the area of each node 

by several reference node locations. The node gets the point of interest flag in its contact zone 

and absolutely gauges its facilitates as the landmark’s centroid. Upon getting this 

information, the unidentified node can calculate its location. Range-free localization 

calculations which utilizes RSSI based location estimation can be classified based on the 

distributed scenarios. Although, depending on the environment, it has assured advantages and 

disadvantages. The advantage is that it does not include any impressive equipment which 

make it a light-weight procedure [3]. Upon receiving every signal packet, intensity of the 

signal can be determined, and by integrating the measured RSSI indicator strength can be 

shaped. At wider distances, the signal strength gets weakened and the wireless traffic speed 

becomes slow which results in low average throughput. The major consequence faces due to 

this is when an RSSI value is asserted in a negative sense, the closest the value is to zero, the 

greater the obtained signal. The four parameters of RSSI methods are dynamic range, 

precision, linearity and averaging time. The low and high energy of the receiver which is 

expressed in decibels (dB). The RSSI method surpasses other techniques with the advantage 

of its ease of use and with the aid of RSSI inexpensive, battery-powered nodes with 

minuscule reminiscence sizes and handling capacities can be implemented. 
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The normal passenger ship and carrier ships need to be anchored when they need to stop the 

ship. Anchor in the ship can either be provisional or stable. Provisional anchors are used for 

the production of the low-priced and are hardly moved. An expert facility is required to move 

or sustain them. Ships hold one or more provisional anchors, which may be of dissimilar 

design and weights. A sea anchor is a drag gadget, not get in touch with the seabed, which is 

used for minimizing the drift of a vessel comparative to the water. A sea anchor is a drag 

gadget used to guide a ship running before a storm in a following or overtaking sea or when 

passing a hurdle in the breaking sea. During low tide and high tide, the ships will be changing 

their position even the ship is breathed. The coastal guards are the ones who monitor the boat 

and ship travels along with their position each time. The sailors of ships need to know the 

presence of other ships and boats for the smooth travelling of their ships. The current method 

of locating ships is using satellite communication and GPS. When multipath error is caused 

by satellite signals from GPS reflects nearby bridges and other ships. Many path limits GPS 

signals and decreases the precision and consistency of ships position. Other factors disturb 

the positioning and precision is the visibility of the GPS satellite. Intervention restricts the 

exactness of the position which results in a failure of GPS positioning, near the starting place 

of interference [4]. 

For sensor node localization, a novel RSSI-based Weighted Centroid approach is proposed. 

WSN with six anchor nodes and a sensor node is used to measure the RSSI value and 

determine the weighted calculate. These six reference nodes are used to create seven 

combinations of four sets. After that, the seven combos are used for creating three anchor 

sets. Firstly is to separate inexactly. This is done with the help of RSSI estimation. Position 

will be calculated using the weighted figure and after that region is calculated within the 

moment step. We get the possible acknowledged cases after the area calculation. In order to 

obtain a precise position, the normal evaluated position is calculated and changed. Range-free 

executions have a few advantages such as counting moo taken a toll, moo communication 

activity, no additional equipment and versatile localization precision. Since of these 

recognizing characteristics, range free approaches has proposed as a conceivable arrangement 

to the WSN localization issue. 

Related Works 

The proposed work proposes an approach to maximize the power consumption which 

removes unwanted data loss and data transfer [5]. The proposed work utilize node’s 

reliability to extend the network lifetime since sensors near to the sink, run out of vitality 

much more speedier than sensors completely different parts of the observed region which 
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cause restricted arrange lifetime and the energy consumption is balanced [6]. The proposed 

work uses RSSI of reference nodes by using GPS, calculates its measurement from the sensor 

and it works with efficiency of 95% accuracy level due to use of mathematical model [7]. 

The proposed work aimed at providing best techniques for sea localization to track objects 

was revised along with some further research to collect the data which could serve as a 

beginning phase for upcoming developments [8]. The proposed work addresses a target 

tracking approaches which utilizes a node may results in a power loss and produces heavy 

computation burden on the node while using more sensors gives best results in all other 

aspects [9]. The proposed work addresses a moo fetched and vitality productive activity 

checking framework basically appropriate for the developed region, involves Bluetooth 

modules and Zigbee transceiver to form WSN [10]. The proposed work presents the different 

techniques and mechanisms for WSN like centralized, distributed, K-means clustering 

algorithm, topology-based network etc. and found that distributed techniques support 

scalability, autonomous nodes and deployment and elimination of nodes [11]. The proposed 

work proposes an interferometric ranging technique to estimate the location of a sensor 

networks which gives exact measurements to locate malicious reference nodes that gives 

wrong location information to sensor nodes. So those unidentified nodes can choose who to 

trust [12]. The proposed work addresses a remote sensor holes location calculation which 

makes and identify and also calculates to make a difference steering convention to alter its 

transmission [13]. The propose work proposes a fault location system for WSN’s with the 

viewpoints of control adequacy [14]. The proposed work introduces a closed form with 

minimum of five microphones in three dimensions and it is very quick and precision [15]. 

The proposed work presents a novel localization approach in WSN with spatial energetic 

RSSI filtering which abuse the advance of the sensor node within the stacking prepare to 

adjust other impact of the electromagnetic wave [16]. The proposed work proposes a Half 

breed DV-Hop calculation. It uses RSSI values to estimate the position of sensor nodes of the 

previous locality [17]. The proposed work develops a Wi-Fi RSSI smart phone inertial sensor 

algorithm to achieves higher precision level [18]. The proposed work uses RSSI, TOA and 

TDOA location dependent parameter from an ultra –wide band measurement campaign to 

evaluate the performance of the other techniques and to form localization [19]. The proposed 

work develops a technique to evaluate the co-ordinates of the MU that uses parameter 

estimation for localization to evaluate the average distance error [20]. The proposed work 

discusses the localization techniques for UNB iot systems by misusing GPS nodes to decide 

the location of nodes and achieves higher accuracy with the use of distance estimation for 
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nearby distance [21]. The proposed work presents the strategy to move forward the vigor of 

the TDOA estimation between the two receiver signal for genuine information to extend the 

genuine vigor of the TDOA, gauges indeed more by considering interior into psycho- 

acoustics [22]. The proposed work addresses the issue of localizing an obscure number of 

inactive sources radiating the obscure signals from TDOA estimation and addresses the issue 

of localizing different source from the electromagnetic signals [23]. The proposed work 

proposes a reference free TDOA source localization sing the inactive sensor cluster which 

measures the TDOA of the source flag to a few spatially dispersed recipients to decide the 

source from the crossing point of the set of hyperbolic condition characterized by the TDOA 

gauges. [24]. 

Methodology 

Within the proposed strategy we utilize the Weighted Centroid approach for gauging the area 

of sensor node. In WSN, this conveys six reference nodes, a sensor node and distinguish to 

gather the three-reference node. RSSI at that point decided utilizing these three reference 

nodes. Taking after it’s value of every RSSI is decided to choose it’s weighted calculation for 

a proportion of the person RSSI to add up to RSSI. Appraise it’s area of entirety for weighted 

figure increased by x and y facilitate independently utilizing by taking the below equation, 

  (1) 

 (2) 

 

Where, Pr   stands for RSSI value, Px represents x arrange esteem for primary anchor node, Py 

represents y organize esteem for primary reference nodes and deciding to facilitate position, 

utilizing the condition (1) & (2), integrate the area by utilizing the value (69.45, 60.75) of set 

(3, 5, 6) like base esteem, calculate it’s area by taking below condition (3), 

 (3) 

Here, 𝑿𝟏𝑿𝟐𝑿𝟑 are the x coordinates, 𝒀𝟏𝒀𝟐𝒀𝟑 are y facilitates for the three anchor nodes. Area 

∆ is measured utilizing condition (3) and ∆1, ∆2, ∆3 is measured at the same time. The 

esteem of ∆ and ∆1, ∆2, ∆3 are compared to see if the two values are the same or not. 
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In the event that it is raised to the sensor node is inside the curved frame indicated by the 

three anchor or reference points, On the off chance that it isn’t raised to the senor node is a 

exterior the convex hull. On the off-chance that the position is inside its acknowledged, in the 

event that it is exterior it’s rejected. At last determine the precision by taking the normal of 

the surmised location from all conceivable acknowledged cases. Figure 1 portrays the 

arranged work's flow. 

The RSSI esteem for three anchor nodes encompassing the sensor node is calculated first, at 

that point weighted factor is computed and the location will be estimated. Check in the event 

that the locale is raised to or not after measuring it. Whether it isn’t break even with it ought 

to be ended. In the event that it’s break even with it ought to take the normal of the surmised 

area. At last compute the mistake and precision. 

Algorithm 

Start: 

Step 1: Measurement of RSSI for the sensor node among three reference nodes around a 

ship. 

Step 2: Measuring weights of every RSSIs, estimate weighted factor of ratio between 

individual RSSI and total RSSI. 

Step 3: Find a location by sum of weighted factor by the product of x and y one by one.  

Step 4: The area calculation for determining a location is within the bounds of coverage area 

defined by three reference points. 

Step 5: For inside location, accept it else discard. 

Step 6: Take the average of estimated location from all possible accepted cases. 

Stop 
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Fig. 1. Flowchart 

Experiment and Implementation 
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Fig. 2. Sensor node (ship) and Anchor nodes arrangement (around a ship) 

Figure. 2 outlines the arranged work execution which is tired with Contiki-OS utilizing a test 

system COOJA. For WSN, it consists of six reference and a sensor nodes. RSSI value of it is 

reference nodes is decided in connection with sensor node. Taking after the RSSI calculation, 

reference nodes are gathered in seven combination of four nodes utilizing it’s six reference 

nodes, seven conceivable varieties are tabulated. Unit Disk Graph Medium (UDGM) separate 

misfortune for engendering demonstrate utilized. This TX proportion is 100%, RX proportion 

is 100%, TX extended for 45 meters and INT expanded to 100 meters values mentioned 

within the Table 1 shows 1 scenario for the ship localization and the combinations of sensor 

node with reference node. The sensor node actual position is (64.34,59.02). There are four 

reference nodes with seven varieties enrolled, as well as the facilitate value, RSSI of it’s 

possible combinations. Based on the six reference nodes, there are seven possible 

combinations (2,3,4,5), (3,4,5,6), (4,5,6,7), (2,5,6,7), (2,3,4,7), (3,4,6,7). 

Table I 

Anchor Nodes and their RSSI Combination 

Real Sensor node Ref_ Node 1 Ref_ Node 2 Ref_ Node 3 Ref_ Node 4 

Arrangement 2 3 4 5 
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64.34,59.02 46.41, 63.48, 78.44, 80.97, 

 48.5 39.52 48.74 68.77 

 (-45) (-43) (-39) (-42) 

Arrangement 3 4 5 6 

 

63.48, 78.44, 80.97, 63.48, 

39.52 48.74 68.77 75.94 

(-43) (-39) (-42) (-38) 

Arrangement 4 5 6 7 

 

78.44, 80.97, 63.48, 46.89, 

48.74 68.77 75.94 68.10 

(-39) (-42) (-38) (-43) 

Arrangement 2 5 6 7 

 

46.41, 80.97, 63.48, 46.89, 

48.5 68.77 75.94 68.10 

(-45) (-42) (-38) (-43) 

Arrangement 2 3 6 7 

 

46.41, 63.48, 63.48, 46.89, 

48.5 39.52 75.94 68.10 

(-45) (-43) (-38) (-43) 

Arrangement 2 3 4 7 

 

46.41, 63.48, 78.44, 46.89, 

48.5 39.52 48.74 68.10 

(-45) (-43) (-39) (-43) 

Arrangement 3 4 6 7 

 

63.48, 78.44, 63.48, 46.89, 

39.52 48.74 75.94 68.10 

(-43) (-39) (-38) (-43) 

 

 

Fig. 3. Illustration of sensor and anchor node 

Six reference nodes are encircled by sensor node in Figure 3. Reference nodes are 

represented by the dark dabs, while the sensor nodes are represented by the blue dots. The 

area of three reference nodes is calculated by taking from three reference nodes, for example 
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(2, 4, 5) by seven varieties created previously from six reference nodes and area is chosen for 

determining if the sensor node is inside otherwise exterior the arched body made via 

interfacing reference nodes. 

 

Fig. 4. Illustration of sensor and anchor nodes 

 

From rejected case, sensor node is located exterior to the curved frame, Figure 4 depicts node 

structure. Consider set (2, 3, 4), use anchor node coordinates as follows: X1= 46.41, 

Y1=48.5, X2= 63.48, Y2= 39.52, X3= 78.44, Y3= 48.74, 

 

 

∆ =   𝟏/𝟐 [( 𝟒𝟔. 𝟒𝟏 ∗ 𝟑𝟗. 𝟓𝟐 − 𝟔𝟑. 𝟒𝟖 ∗ 𝟒𝟖. 𝟓 ) + (𝟔𝟑. 𝟒𝟖 ∗ 𝟒𝟖. 𝟕𝟒 − 𝟕𝟖. 𝟒𝟒 ∗ 𝟑𝟗. 𝟓𝟐) + 

(𝟕𝟖. 𝟒𝟒 ∗ 𝟒𝟖. 𝟓 − 𝟒𝟔. 𝟒𝟏 ∗ 𝟒𝟖. 𝟕𝟒)] 

∆ = 𝟏𝟒𝟓. 𝟖𝟔 

∆𝟏= 𝟐𝟎𝟖. 𝟎𝟗, ∆𝟐=193.57, ∆𝟑= 𝟏𝟑𝟏. 𝟑𝟓 

Total area of the three reference nodes, ∆𝟏 + ∆𝟐 + ∆𝟑 = 533.01 

 

If ∆ ≠ ∆𝟏 + ∆𝟐 + ∆𝟑 in set (2, 3, 4) is dismissed. For set (2, 3, 5) take the coordinates of 

anchor nodes as X1= 46.41, Y1 = 48.5, X2 = 63.48, Y2 = 39.52, X3 = 80.97, Y3 = 68.77, 

 

 

∆ = 𝟏/𝟐 [(𝟒𝟔. 𝟒𝟏 ∗ 𝟑𝟗. 𝟓𝟐 − 𝟔𝟑. 𝟒𝟖 ∗ 𝟒𝟖. 𝟓) + (𝟔𝟑. 𝟒𝟖 ∗ 𝟔𝟖. 𝟕𝟕 − 𝟖𝟎. 𝟗𝟕 ∗ 𝟑𝟗. 𝟓𝟐)  +  

(𝟖𝟎. 𝟗𝟕 ∗ 𝟒𝟖. 𝟓 − 𝟒𝟔. 𝟒𝟏 ∗ 𝟔𝟖. 𝟕𝟕)] 
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∆ = 328.18 

∆𝟏= 𝟐𝟎𝟖.𝟎𝟗, ∆𝟐=21.65, ∆𝟑= 𝟗𝟖.𝟒𝟐 

Total area of the three reference nodes, ∆𝟏 + ∆𝟐 + 

∆𝟑=328.16 

If ∆ = ∆𝟏 + ∆𝟐 + ∆𝟑 in set (2, 3, 5), result is accepted. 

 

Table II 

An Estimated Location's Average 

Sl No. Anchor sets Initial Location Modified location 

1 2,3,5 69.45, 60.76 69.45, 60.76 

2 3,4,6 69.45, 60.76 68.64, 58.04 

3 3,5,6 68.64, 58.04 68.24, 56.68 

4 3,4,6 68.24, 56.68 68.04,56.00 

5 4,5,7 68.04,56.00 68.22, 57.09 

6 4,6,7 68.22, 57.09 68.31, 57.63 

7 4,6,7 68.31, 57.63 68.35, 57.90 

8 3,4,6 68.35, 57.90 61.24, 56.30 

9 3,5,6 61.24, 56.30 64.50, 55.30 

10 4,5,7 64.50, 55.30 66.13, 55.10 

 

Modified location for x and y 

 

 

 

𝐌𝐨𝐝𝐢𝐟𝐢𝐞𝐝 𝐱 = 𝟔𝟖. 𝟔𝟒 

 

 

 

𝐌𝐨𝐝𝐢𝐟𝐢𝐞𝐝 𝐲 = 𝟓𝟖. 𝟎𝟒 
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Fig. 5. Variations of Initial and Modified location 

 

Table III. 

Error and Accuracy Percentage 

Sl No. Anchor sets 
Error Accuracy percentage 

x y x y 

1 2,3,5 0.0790 0.0294 99.92 99.97 

2 3,4,6 0.0668 0.0166 99.93 99.98 

3 3,5,6 0.0606 0.0396 99.93 99.96 

4 3,4,6 0.0575 0.0511 99.94 99.94 

5 4,5,7 0.0603 0.0327 99.93 99.96 

6 4,6,7 0.0617 0.0235 99.93 99.97 

7 4,6,7 0.0623 0.0189 99.93 99.98 

8 3,4,6 0.0481 0.0460 99.95 99.95 

9 3,5,6 0.0025 0.0630 99.99 99.93 

10 4,5,7 0.0278 0.0664 99.97 99.93 

 

Conclusion 

In WSN’s, localization is broadly utilized to decide the show area of sink nodes. The centroid 

algorithm is a basic range-free localization algorithm that computes the spot of a node based 

on the positions for several anchor nodes. By transporting six reference nodes around the 

ship, we demonstrated a Weighted Centroid approach for sensor node localization. Within the 

measurement, the RSSI and a weighted figure are used. This investigation wiped out Contiki-

OS utilizing built-in test system COOJA. The proposed method considers 10 scenarios where 

each scenario will have randomly selected set of 4 reference nodes and each set of 4 reference 

nodes are again divided into 4 sets of three reference nodes, then position of ship is calculated 

and area of three reference nodes will be calculated for each set of three reference nodes 

including a sensor node and total area of the three reference node is calculated by adding the 
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area of the three reference node then we calculate the area of the three reference nodes. In the 

event that, the area of the three reference nodes is break even with, When the sensor node is 

inside a curved frame indicated by three reference nodes. In the event that it does not rise to, 

the sensor node is located exterior of raised body. On it’s off chance that exterior is rejected. 

At long last, exactness is computed by taking the normal of the surmised position from all 

conceivable acknowledged cases. The proposed method achieves 99.99% accuracy and the 

error rate varies from 0.01% to 0.07% because the proposed methodology is implemented in 

different scenarios and it will change as per the scenario. Sending this location information to 

other consoles like other ships is our potential future work. 
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