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Abstract- Localization is a fundamental problem in Wireless Sensor Networks (WSNs) and is more challenging in the
mobile sensor network than in the static sensor network. In a system formed by hundreds of sensors deployed in a
large area, it is important to know the position of each sensor. This information can be calculated using either of the
several localization algorithms. This paper proposed a novel fuzzy based algorithm to solve the trilateration problem(
i.e. when the node is in the overlapping region of circles) in WSNs, with the objective of estimating the location of
sensors according to the knowledge of the position of some reference nodes. This algorithm, called modified
trilateration (Using fuzzy optimization and centroid technique) is executed along a wireless sensor network formed by
hundreds of nodes. The evaluation of Modified Trilateration is led by simulation tests. The result obtained shows that
proposed algorithm is a promising method that can easily solve the problem of knowing where the sensors are located
with less error as compared to simple weighted centroid technique.
Key Words- GPS, localisation, Wireless sensor network (WSN), centroid, fuzzy logic, received signal strength
indicator (RSSI).
I.
Introduction
Wireless sensor networks are often deployed in an ad hoc fashion, that is, their location is not known a priori.
Localization is necessary to provide a physical context to sensor readings. Without knowing the position of a sensor
node, its information will only tell a part of the story. For example, sensors deployed in a forest to raise alarms
whenever wild ﬁres occur, gain significantly in value if they are able to report the spatial relationship between them and
the monitored event otherwise information is meaningless. On the other hand, some applications require the position of
the node itself, for example, a vehicle tracking system [1]. This is why localization is one of the crucial issues in WSN
research. Localization refers to the process of estimating and computing the positions of sensor nodes [2]. The
importance of these facts directs researchers to look for a solution for localization problem. One easy way is manual
configuration but this is impractical in large scale networks or when sensors are deployed in inaccessible areas such as
volcanoes or when sensors are mobile. Another way is to add external hardware- global positioning system (GPS)- to
each sensor. In many cases it is impossible to use specific localization devices, like a GPS, because these devices have
huge energy consumption and significantly reduce autonomy. Also the additional cost is a setback for these devices to be
used on a large scale. In other applications it is necessary to have nodes inside buildings, where GPS technology does not
work precisely [3]. Therefore, several localization algorithms have been introduced to solve localization problem. Sensor
network localization algorithms estimate the locations of sensors with initially unknown location information by using
knowledge of the absolute positions of a few sensors and inter- sensor measurements such as distance and bearing
measurements. The sensor nodes with globally known location i.e. equipped with an external hardware (GPS) or by
installing sensor nodes at points with known coordinates are known as anchor nodes. In applications requiring a global
coordinate system, these anchors will determine the location of the sensor network in the global coordinate system.
Because of constraints on the size and cost of sensors, energy consumption, implementation environment (e.g., GPS is
not accessible in some environments) and the deployment of sensors (e.g., sensor nodes may be randomly scattered in the
region), most sensors do not know their locations. These sensors with unknown location information are called nonanchor nodes and their coordinates will be estimated by the sensor network localization algorithm. Localization
algorithms can be divided into two categories: range-based localization methods and range-free localization methods.
Range-based localization depends on the assumption that the absolute distance between a sender and a receiver can be
estimated by received signal strength or by the time-of-flight of communication signal from the sender to the receiver.
The accuracy of such estimation, however, is subject to the transmission medium and surrounding environment and
usually relies on complex hardware. In contrast, range-free localization never tries to estimate the absolute point-to-point
distance based on received signal strength. As such, the design of hardware can be greatly simplified, making rang-free
localization very appealing for WSNs. Reference nodes with pre-knowledge of the locations of themselves are also
commonly used in the range-free localization methods. Performance of the localization algorithms can be improved
either by using optimization techniques such as fuzzy logic [4-8], Monte Carlo optimization [9], neural network [10,11]
etc. or by combining the localization algorithms [12,13]. The main contribution of this paper is the presentation of a
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novel localization algorithm based on fuzzy logic processing, called Modified Trilateration. The proposed algorithm
takes into account the need to keep the average location error low. The rest of this paper is organized as follows: Section
II sums up the trilateration, centroid and fuzzy logic. Section III describes Modified Trilateration. The outcome of
proposed algorithm performance is developed by simulations in section IV. Finally, in Section V we present concluding
remarks and provide discussion for future work.
II.
Modified Trilateration
A. Trilateration
Trilateration refers to the process of calculating a node’s position based on measured distances between itself and a
number of anchor points with known locations. Given the location of an anchor and a sensor’s distance to the anchor
(e.g., estimated through RSS measurements), it is known that the sensor must be positioned somewhere along the
circumference of a circle centered at the anchor’s position with a radius equal to the sensor–anchor distance. In twodimensional space, distance measurements from at least three non collinear anchors are required to obtain a unique
location (i.e., the intersection of three circles). In three dimensions, distance measurements to at least four non coplanar
anchors are required. In this technique there are two cases:
 The non anchor node may be at the intersection of 3 circles drawn by three non collinear anchors as shown in
figure 1.


The non anchor node may in the overlapping region of 3 circles drawn by three non collinear anchors i.e. three
anchor nodes circles are not intersecting at a common point as shown in figure 2.

Fig 1: Trilateration

Fig. 2: Trilateration problem [14]

Where 1,2,3 are anchor nodes and N is non anchor node
B. Trilateration Problem
Trilateration problem occur in 2-D WSN localization, when unknown node is not at the intersection of 3 non collinear
anchor nodes. A node N is the non anchor node whose position is unknown. Location of node N is estimated with the
help of three anchor nodes 1, 2 and 3. The trilateration problem is to find the coordinates of node N= (xest , yest) from the
given information. Draw a circle of radius equal to the distance between anchor non anchor nodes estimated through
RSSI taking anchor as center of circle. Similarly circles are drawn around anchor 2 and anchor 3. Since the circles
centers and radii are subject to measurement errors, the circles will overlap in a (hopefully small) region rather than
intersecting at a single point the unknown node location N is somewhere in this region. Each pair of circles yields two
intersection points as shown in figure 2. With three circles, there are six intersection points. Three of these points are
clustered closely together, while the rest are far apart. The node N is located in the middle of this cluster. Now, to resolve
that error centroid technique and fuzzy optimization is used. Their explanations are given the next sections.
C. Fundamental Centroid
After finding the innermost intersection points fundamental centroid technique [15] is applied to calculate the position of
non anchor node. The task of the centroid method is to take several node around the unknown nodes as polygon vertices
and the unknown node as the centroid of polygon which is indicated in figure 3.

Fig. 3: Centroid technique
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After receiving the message, there is a relation for estimating the coordinates of unknown node as given in equation 1:
𝑥 1 ……𝑥 𝑛 𝑦1 +⋯𝑦𝑛

(xest, yest) = (

𝑛

,

𝑛

)

(1)

Where (xest, yest) indicates the estimated position of the sensor nodes. Equation 1 is general equation for n nodes; in case
of trilateration n is 3 i.e. innermost three intersection points. The result is simple but is not sufficient for correct
estimating position so, to optimize the result fuzzy logic is used.
D. Fuzzy Logic
Fuzzy logic is defined as the logic of human thought. Fuzzy logic offers several unique features that make it a
particularly good alternative for many control problems. It is inherently robust since it does not require precise, noise free
inputs and can be programmed to fail safely [16-19]. Fuzzy logic deals with the analysis of information by using fuzzy
sets, each of which may represent a linguistic term like “low”, “High”, etc. Fuzzy sets are described by the range of real
values over which the set is mapped, called domain, and the membership function. A membership function assigns a
truth value between 0 and 1 to each point in the fuzzy set’s domain. Various types of fuzzy sets can be used such as
triangular, beta, PI, Gaussian, sigmoid, etc [20] depending upon the shape of the membership function,. A Fuzzy system
basically consists of three parts: fuzzifier, inference engine, and defuzzifier. The fuzzifier maps each crisp input value to
the corresponding fuzzy sets and thus assigns it a truth value or degree of membership for each fuzzy set. The fuzzified
values are processed by the fuzzy inference engine, which consists of a rule base and a range of methods for inferring the
rules. The rule base is simply a series of IF-THEN rules that relate the input fuzzy variables with the output fuzzy
variables using linguistic variables, each of which is described by a fuzzy set, and fuzzy implication operators AND, OR,
etc. The part of a fuzzy rule before THEN is called predicate or antecedent, while the part following THEN is referred to
as consequent. The combined truth of the predicate is determined by implication rules such as MIN-MAX and bounded
arithmetic sums. All the rules in the rule-base are processed in a parallel manner by the fuzzy inference engine. There are
five step to process the fuzzy inference such as fuzzification of the input values, using the fuzzy operator like AND or
OR in antecedent, implication from condition to consequent, aggregation of consequences and in the last part
defuzzification.
III.
Proposed Algorithm
Modified trilateration algorithm has two phases:
Phase 1: Trilateration.
Phase 2: Error resolving in Trilateration using fuzzy weighted scheme in Centroid technique for points of intersection
derived from phase1 of Trilateration. Phase two is explained as:
• Find the distance among all non anchor nodes and distance from sensor to anchors using RSSI value received.
• Then for each sensor node draw circles taking distance between anchor and non anchor node as radius taking
anchor as center.
• There are 6 intersection points, two from the intersection of anchor 1 and anchor 2, two from the intersection of
anchor 1 and anchor 3 and two from the intersection of anchor 2 and anchor 3.
•
Then find the innermost three intersection points as shown in figure 4

Fig. 4: innermost intersection points
•
•
•
•

Weight of each anchor node is calculated using the fuzzy logic applied at the RSSI value received by
corresponding anchor nodes from the said sensor node.
Weight of a point at intersection of anchor 1 and anchor 2 is taken as the average of the weights of anchor1 and
anchor2. Similarly weights of other intersection points are calculated.
Apply formula of weighted Centroid technique for both x-coordinate and y-coordinate.
Finally calculate the error using the obtained position and the actual position of the sensor node.

IV.
Simulation Results
Estimating the location of each sensor node is done by the Trilateration method. To resolve the trilateration error centroid
method and fuzzy optimization is used. Hence, the weights are the main variable, which are the outputs of the fuzzy
system in the simulation. In fact, the Sugeno fuzzy system receives RSSIs as inputs to map the outputs, which are
weights of each GPS equipped (anchor) node to the non anchor node. A WSN consists of sets of anchor nodes and
sensor nodes with anchor nodes are located at known and transmit signal strengths containing their respective locations.
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Sensor nodes are deployed randomly in the specific region and receive signal strengths from the anchor nodes to estimate
their location. The main responsibility of the sensor node is to compute the RSSI information sent by the anchor nodes.
The implementation is been done by Sugeno type fuzzy inference method [21]. The input membership function
of the Sugeno method is the RSS from the anchor nodes, which are decomposed into nine triangular membership
function such as very very low (VVL), very low (VL), low (L), medium low (ML), medium (M), medium high (MH),
high (H), very high (VH), very very high (VVH) that it shown in Figure 5.

Fig. 5: Input Membership Function

Fig.6: RSSI vs Weight (Surface)

The input membership functions take value [RSS min,RSSmax], where RSSmin and RSSmax are the minimum and maximum
RSS respectively, which are received by each sensor from each of the anchor node. Now, a rule base is constructed for
each input membership function i.e. for 9 input membership functions there are 9 fuzzy rules. After applying the fuzzy
rules the output membership function of the Sugeno fuzzy inference is the weight of each anchor node for a given sensor
node which takes a value [0,wmax], where wmax is the weight with a maximum value of one. The output membership
function distributes into nine linear functions such as VVL, VL, L, ML, M, MH, H, VH, and VVH. Table 1 shows the
rules of sugeno fuzzy system.
Table 1: Rules of sugeno fuzzy system
RULES
IF:RSSI IS
THEN
WEIGHT
RULE 1
V V LOW
V V LOW
RULE 2
V LOW
V LOW
RULE 3
LOW
LOW
RULE 4 MEDIUM LOW MEDIUM LOW
RULE 5
MEDIUM
MEDIUM
RULE 6
MEDIUM
MEDIUM
HIGH
HIGH
RULE 7
HIGH
HIGH
RULE 8
V HIGH
V HIGH
RULE 9
V V HIGH
V V HIGH
Figure 6 indicates the surface of the fuzzy system, which shows the weights corresponding to the RSSI values. For
minimum RSSI weight is minimum i.e. 0 and for maximum RSSI weight is maximum i.e. 1.
A. Calculating RSSI
The algorithms are coded in Matlab where the sensor nodes are distributed randomly in a square region that is 10 meters
for each side. The first step is to estimate RSS by the equation (2):
RSSI= − (10nlog10(d) + alpha)

( 2)

Where d is the distance of each sensor node to the anchor nodes which is calculated by the equation (3):
d=

𝑥𝑎𝑛𝑐 ℎ𝑜𝑟 − 𝑥𝑠𝑒𝑛𝑠𝑜𝑟

2

+ 𝑦𝑎𝑛𝑐 ℎ𝑜𝑟 − 𝑦𝑠𝑒𝑛𝑠𝑜𝑟

2

(3)

Where (xanchor, yanchor) are coordinates of anchor nodes, and ( xsensor , ysensor ) are coordinates of sensor nodes. On the other
hand, in equation (2), n = 3.25 is the path loss exponent, which may take different values and may be affected in different
environments. Alpha is constant, and it is the RSSI value of the sensor node that is located in 1-meter distance of anchor
node, so alpha is considered to be -40dB for this implementation.
B. Using Localization algorithm
After estimating RSSI for each anchor node and distance between sensor and anchor node then take that distance as
radius and anchors as centers draw circles. There are three non collinear nodes so three circles are drawn. Node may at
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the intersection of these three circles, if it is so then the node position finded out. But their may be the chances that the
node is in overlapping region. Three circles intersect at six points, find the innermost three points and apply weight on
them. RSSIs are inputs and weights are outputs for the sugeno fuzzy inference. Weight given to each innermost
intersection point is average of the weight of the two anchors i.e. if point is because of intersection of anchor 1 and
anchor 2 then weight assigned to it is the average weight of anchor 1 and anchor 2 and similarly weight is assigned to
other 2 innermost point .
For estimating the coordinates of the sensor nodes in trilateration, weighted centroid formula is used as shown in
equation 4
(xest,yest)=

𝑥 13 𝑊1 +𝑥 12 𝑊2 +𝑥 23 𝑊3 𝑦13 𝑊1 + 𝑦12 𝑊2 +𝑦23 𝑊3

,

𝑊1 +𝑊2 +𝑊3

(4)

𝑊1 +𝑊2 +𝑊3

Where (xest,yest) are the coordinates of sensor locations, (x13,y13) are point of intersection of anchor node 1 and 3, (x12 ,
y12) are point of intersection of anchor 1 and 2 and (x23 , y23) are point of intersection of anchor 2 and 3. Value of weights
W1, W2, W3 is given in equation 5, 6 and 7.
Weight for the point which is because of intersection of anchor 1 and anchor 3 is:
𝑤𝑒𝑖𝑔 ℎ𝑡 +𝑤𝑒𝑖𝑔 ℎ𝑡

1
3
W1 =
2
Weight for the point which is because of intersection of anchor 1 and anchor 2 is:

𝑤𝑒𝑖𝑔 ℎ𝑡 +𝑤𝑒𝑖𝑔 ℎ𝑡

1
2
W2=
2
Weight for the point which is because of intersection of anchor 2 and anchor 3 is:

W3=

𝑤𝑒𝑖𝑔 ℎ𝑡 2 +𝑤𝑒𝑖𝑔 ℎ𝑡 3

(5)

(6)

(7)

2

The simulation result of proposed algorithm is given in figure 6. The region is 10 meter square, where the blue stars are
anchor nodes. 100 sensor nodes are randomly deployed in the region. All sensor nodes receive three RSSI from the
anchor nodes. After estimating the RSSIs, each sensor node have three average weights that are estimated by the sugeno
fuzzy system. The centroid relation is used for estimating the coordinates of the sensor nodes.

Fig.7: Simulation result of modified trilateration
In Figure 7 the random nodes are the red circles and the estimated nodes are the blue circles. The blue line between the
random and estimated nodes is the error of location. Hence, the error in the location between actual and estimated nodes
is calculated by equation (8):
Location Error =

𝑥𝑒𝑠𝑡 − 𝑥𝑠𝑒𝑛𝑠𝑜𝑟

2+

𝑦𝑒𝑠𝑡 − 𝑦𝑠𝑒𝑛𝑠𝑜𝑟

2

(8)

In order to estimate the position errors for all the estimated and actual nodes, the following relation is used given in
equation (9-10):
Average location error =

∑

𝑥 𝑒𝑠𝑡 −𝑥 𝑠𝑒𝑛𝑠𝑜𝑟 2 + 𝑦𝑒𝑠𝑡 −𝑦𝑠𝑒𝑛𝑠𝑜𝑟 2
𝑁

(9)

Or
Average location error =
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where N is the total number of sensor nodes. Figure 8 indicates the simulation error results of Modified Trilateration for
100 nodes. Figure 9 indicates the simulation error results of simple weighted centroid localization algorithm for 100
nodes.
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Fig. 8: Error plot for modified trilateration

Fig. 9: Error plot for Weighted Centroid

C. Result Summary
Perform the above simulation 4 times, for both: proposed algorithm and weighted centroid algorithm and then estimated
average location error is given in table 2
Table 2. Comparison Results
Scenario

Average Location Error
Proposed
Weighted
algorithm
Centroid
0.0632
1.3353
0.1195
1.1620
0.0194
1.1756
0.1402
1.2302

1
2
3
4

% average error Calculation For 1st scenario:
% Avg. error =

avg error ofWCT −avg error for modified trilateration

×100

avg error for WCT
1.1620 −0.1195 ×100

=
= 89%

1.1620

Hence the Proposed algorithm is 85 to 90 % more accurate as compared to weighted centroid technique.
V. Conclusion and Future scope
The node localization is a big challenge in wireless sensor networks. In this paper Trilateration using weighted centroid
has been utilized for implementation. The estimation of each sensor node’s location has been implemented by RSSI. The
sugeno fuzzy inference is used to simulate for estimating the location of each sensor nodes. In fact all the RSSIs are fed
to the fuzzy system to achieve the weights to be used in the centroid relation in order to estimate the location of the
sensor nodes which is in the overlapping region of three circles drawn by three non collinear nodes. The weights are
average of the weights of the two anchor nodes. The weights are the main parameters in the centroid relation, which are
the output of the fuzzy system. In fact, the sugeno fuzzy system receives RSSIs as inputs to map to the outputs, which are
the weights of each anchor node with respect to the sensor node. After estimating the weights by fuzzy system, the
centroid relation estimates the location of each sensor nodes. Hence there is an error in the location between the random
and the estimated node. Location error in modified trilateration using weighted centroid is less as compared to the simple
weighted centroid technique. Novel algorithm is 85 to 90% more accurate as compared to the simple weighted centroid
technique.
Hence, proposed algorithm: Modified trilateration using fuzzy optimization is:
 More energy efficient
 More accurate
 Less no. of anchors used
This model is presently only for static nodes. Further we may work for mobile sensor nodes as well as for mobile anchor
nodes model. Also this 2-D model may be further extended to 3-D modelling.
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