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1.Introduction 
Wireless sensor network consists of a set of sensor nodes deployed randomly in the large area to monitor the parameters of interest. 
These nodes are categorized as: anchor nodes and normal sensor nodes. Anchor nodes are special type of nodes embedded with GPS 
or other facility to obtain their position within the network. If feasible, these nodes can also be placed manually at known positions 
within the network. It is assumed that n numbers of anchor nodes are deployed in the sensing field. The position of anchor nodes is 
assumed as (X1, Y1), (X2, Y2)… (Xn, Yn). Anchor nodes transmit periodic beacon signals containing information regarding their 
respective positions with overlapped region of coverage. Sensor nodes are deployed in the sensing field, with randomly distributed 
positions. These sensor nodes localize themselves with the help of beacon signals, transmitted by the anchor nodes. Each sensor node 
collects the received signal strength information (RSSI) of all connected adjacent anchor nodes through beacon signal and RSSI is 
used to obtain the edge weights of the anchor nodes for weighted centroid localization. Time division multiplexing (TDM) technique 
is used to avoid interference of beacons transmitted by neighbouring anchor nodes. The radio transmission range of all nodes is 
assumed to be identical and perfectly spherical.  
 
2.Calculating The Edge Weights Using Fuzzy Inference System 
The sensor node collects the received signal strength information (RSSI) values of all connected adjacent anchor nodes. The edge 
weights of anchor nodes need to be calculated for finding sensor node position. In this paper, fuzzy systems with triangular 
membership function for input (RSSI) and output (weight) have been used. The input variable is the RSSI  
From anchor node and can take values in the interval [0, RSSImax], where, RSSImax is the maximum RSSI value. The output 
variable is the edge weight of each anchor node for a given sensor node and can take value in the interval [0, Wmax], where Wmax is 
the maximum weight. For modelling the fuzzy logic inference system (FLI), If-Then rules have to be considered, which follow the 
basic principle that if a sensor node senses the high powered signal from an anchor node, the anchor node is likely to be in close 
proximity to the given sensor node and hence  is assigned  high weight. Conversely, if a sensor node is connected to an anchor node 
but senses a low powered signal, the anchor node is likely to be far from the given sensor node and hence is assigned a low weight. 
Consequently, the fuzzy rule bases are used and tuned the membership functions. 
 
3.Edge Weight Calculation Using The Mamdani Fuzzy Inference System 
For Mamdani FLI based localization method, the fuzzy logic system has been modelled using the Mamdani fuzzy inference system 
[25] [26]. Where, the inputs (RSSI) have been decomposed into three triangular membership functions namely:  low, medium, and 
high,  and output (Weights) space have been decomposed into five triangular membership functions namely:  very low, low, medium, 
high, and very high, 
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Abstract: 
In this paper, proposed fuzzy based localization method is described in detail. Two different Fuzzy systems, i.e. Sugeno and 
Mamdani, are considered for locating the sensor node, based on the connectivity and RSSI. The results of RSSI are directly taken 
from the paper “A New Fuzzy based Localization Error Minimization Approach With Optimized Beacon Range", [14]. I first 
consider Mamdani FIS because it is relatively simple, easy to implement & fits according to the human thought process. Then I 
use TSK for the same. 
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Figure 1:  Mamdani Le 

 
 

 
Figure 2: Fuzzy Rules For Mamdani LE 

 
 

 
Figure 3: Input Parameter1 To Mamdani_LE (RSSI1) 

 
 

 
Figure 4: Input Parameter2 To Mamdani_LE (RSSI2) 
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Figure 5: Input Parameter3 To Mamdani_LE (RSSI3) 

 
 

 
Figure 6: Output Parameter From Mamdani_LE (Edge_ Weights) 

 
 

 
Figure 7: Simulation Of Fuzzy Rules In Mamdani_LE 

 
 

    
Figure 8: Surface View Of RSSI1 And RSSI2 VS Edge Weights 

& 
Figure 9: Surface View Of RSSI1 And RSSI3 VS Edge Weights 
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Figure 10: RSSI Versus Edge Weights In Mamdani_LE 

 
 Test Results using MAMDANI FIS 
                                                                 INPUTS                                       OUTPUT 

RSSI1 RSSI2 RSSI3 Edge-Weights 
3 4 5 9.86 

15 45 15 10.8 
27 80 20 30 
50 25 30 33.9 
50 50 30 37.8 
50 80 20 30 
80 10 15 25.7 
85 50 15 46.4 
85 85 15 60.5 
35 35 55 45.8 
15 55 55 30 
15 95 55 50 
45 15 55 30 
45 45 45 50 
45 95 55 70 
85 15 55 45.9 
85 55 55 66.4 
85 95 55 84.7 
15 15 95 30 
15 55 95 60 
15 55 95 60 
45 15 95 50 
45 45 95 70 
45 95 95 90.1 
85 15 95 65.9 
85 45 95 84.7 
85 85 95 88.6 

Table 1: Edge Weights Using Mamdani FIS 
 

From Mamdani FIS I found that: 
A (i, j) = no of input linguistic variables i.e. (j=3) (L, M, H) 
Bi = no of outputs linguistic variables i.e. (i=5) [VL, L, M, H, VH] 
I=no of implications i.e. 27 
n=3 
From the Table 1.1, I can analyze that in MAMDANI, the minimum edge weight is 9.86 whereas the maximum edge weight is 90.1 as 
per the simulations.27 implications are shown in the table. 
 
4.Edge Weight Calculation Using TSK Fuzzy Inference System 
For TSK FLI based localization method, fuzzy system has been modelled using Sugeno method of fuzzy inference [999]; which is 
similar to the Mamdani method in many aspects. The first two parts of the fuzzy inference process, fuzzifying the inputs and applying 
the fuzzy operator, are exactly the same.  
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The main difference between Mamdani and Sugeno is that the Sugeno output membership functions are either linear or constant. In 
my approach I have considered a liner output membership function and have decomposed the input (RSSI) into three triangular 
membership functions namely: low, medium, high. The output has been decomposed into five linear symmetrical functions namely: 
very low, low, medium, high, and very high. Sugeno systems do not have the output membership function plot. The defuzzification is 
considered to be weighted average.  
 

 Test Results using TSK FIS 
                                                            INPUTS                                           OUTPUT 

RSSI1 RSSI2 RSSI3 Edge-Weights 
3 4 5 0 
15 45 15 0 
27 80 20 0.5 
50 25 30 0.5 
50 50 30 0.7 
50 80 20 0.5 
80 10 15 0.333 
85 50 15 0.917 
85 85 15 0.1 
35 35 55 0.898 
15 55 55 0.5 
15 95 55 1 
45 15 55 0.5 
45 45 45 1 
45 95 55 0 
85 15 55 0.9 
85 55 55 0.167 
85 95 55 0.833 
15 15 95 0.5 
15 55 95 0.5 
15 55 95 0.5 
45 15 95 1 
45 45 95 0 
45 95 95 1 
85 15 95 0.2 
85 45 95 0.833 
85 85 95 1 

Table 2: Edge Weights Using TSK FIS 
 

From TSK FIS I found that: 
A (i, j) = no of input linguistic variables i.e. (j=3) (L, M, H) 
Bi = no of outputs linguistic variables i.e. (i=5) [VL, L, M, H, VH] 
I=no of implications i.e. 27 
n=3 
From the table 1.2 I can analyze that in TSK; the minimum edge weight is 0 where as the maximum edge weight 1 .As per the 
simulations.27 implications are shown in the table. 
 
5.Weighted Localization Algorithm 
After calculating edge weights using Sugeno or Mamdani fuzzy inference system, I used the weighted centroid algorithm to estimate 
the sensor node position, using the position of adjacent connected anchor nodes (X1, Y1), (X2, Y2)… (Xn, Yn) respectively. Non anchor 
sensor node calculates its position as per following weighted centroid formula [14][15]: which was first proposed by Kim and Kwon 
[19]. In this improved version, location of sensor node is calculated by using edge weights of anchor nodes connected to sensor node, 
and each sensor node computes its position by 
 

( , )=     (1.1) 

 
Where is the edge weight of  anchor node connected to the sensor node and n is the number of adjacent connected anchor 
nodes.  
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6.Comparison & Results                             
After simulation is done using MATLAB® 7.9 and Fuzzy Logic Tool Box I compare the RSSI,Centroid,Mamdani and TSK techniques 
in terms of its root mean square error. The final outcome of this simulation is enlisted in the following table i.e. 
 

LOCATION 
ESTIMATION 
TECHNIQUES 

MAX RMS 
ERROR 

(in meter) 

MIN RMS 
ERROR 

(in meter) 

AVG RMS 
ERROR 

(in meter) 

RSSI_LE 24.42646 1.365295 6.528623 

CENTROID_LE 4.5649 0 1.521 

MAMDANI_LE 4.5382 0 1.512 

TSK_LE 4.4874 0 1.495 

Table 3: Location Error Analysis 
 

Here from the above table I can analyze that the maximum rms error, minimum rms error as well as average rms error w.r.t. 4 location 
estimation techniques i.e. RSSI_LE, CENTROID_LE, MAMDANI_LE & TSK_LE. 
From the simulation I found that the maximum error in case of RSSI_LE is found to be 24.42646 meter, in case of CENTROID_LE is 
4.5649 meter, in case of MAMDANI_LE is 4.5382 meter and in case of TSK_LE is 4.4874 meter.  
The minimum error in case of RSSI_LE is found to be 1.365295 meter, where as in case of CENTROID_LE, MAMDANI_LE and 
TSK_LE is found to be 0 meter. 
The average error in case of RSSI_LE is found to be 6.528623 meter, in case of CENTROID_LE is 1.521 meter, in case of 
MAMDANI_LE is 1.512 meter and in case of TSK_LE is 1.495 meter.  
 
7.Conclusion & Future Work 
From this work I can conclude that RSSI is the most error prone if used alone for location estimation followed by the standard 
Centroid method. When a fuzzy inference system is used for the location estimation it gives better accuracy than the traditional RSSI 
technique. 
The TSK based location estimation technique gives better accuracy than the Mamdani based technique but for realistic world 
Mamdani is well suited for human inputs. 
This work can further be extended by a proposing Hybrid Fuzzy Localization System. Probabilistic fuzzy rule base approach can also 
be used as an extension for this thesis work. This work can also be extended for cellular positioning using fuzzy rule based techniques.  
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