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Abstract

Improving the accuracy rate in the localisation of mobile sensor

networks is challenging. Mobile localisation in mobile sensors has

various applications, such as mobile robot navigation, networking

taxi service for finding the nearest taxi drivers, vehicle ad hoc

networks for rerouting the path during road accidents, site works,

and many more. In this research work, we have adopted the

experimental data from the literature by Marti et al. and performed

a simulation to predict the location in three different environments,

such as garden, classroom, and corridor. All three environments

have been configured with 55 transmitters and four beacons, the

localisation has been calculated with received signal strength (RSS),

and the data uncertainties in RSS are addressed by implementing the

fuzzy logic system using semi-elliptic membership function (SEMF),

which has an improved accuracy rate compared to conventional

controllers.
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1. Introduction

Mobile sensor localisation is a quite active and trending
research area [1]–[5], which has more scope in future
technologies like driverless car, rerouting [6], [7], tracking of
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public transport vehicle [8], [9] for customer transparency
and many more. Improving an accuracy rate in localisation
is always a quite challenging task. In this research work,
fuzzy logic controller has been developed to improve the
accuracy rate, and it has been studied and experimented
based on the research gap in the literature. Location-based
service apps are widely used and rely on people’s location
data in indoor spaces due to the Internet of Things and
the mobile Internet’s rapid expansion [10]. Due to the
pervasive wireless infrastructures and low prices, the WiFi
fingerprint localisation method [11], [12] is now preferred.
Researchers [13] have examined the complementary natures
regarding localisation precision and energy consumption;
WiFi fingerprint localisation and pedestrian dead reckoning
on smartphones are excellent candidates for integration.
The improved cuckoo search algorithm with fuzzy logic
and the Gauss–Cauchy strategy, which combines the meta-
heuristic algorithm with the conventional approach to
reduce localisation error, have been suggested by Scholars
[14]. Singh et al. [15] have studied in a three-dimensional
environment, with one anchor node to locate unknown
sensors using range-based and range-free algorithms (with
fuzzy logic).

According to experiments conducted by Mishra et al.
[16], mobile robots in structured environments now have
a navigation controller that can function in reactive
and deliberate ways; a neuro-fuzzy system is introduced
to investigate the advantages of both intentional and
reactive navigation control. A localisation approach was
suggested by Chadha and Jain [17] that first determines
best alternative RSS value for the unknown anchor node.
Karaduman et al. [18] have deployed software agents with
a fuzzy logic controller on ultra-wideband localisation-
based mobile robots, which have enhanced the localisation
accuracy rate compared to the conventional controller.
Rahayu et al. [19] developed an inverted global sensor for
studying navigation and localisation of automated guided
vehicles. According to a study by Singh et al. [20] on
the scenario put forward, to locate target nodes using
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edge weight information, received signal strength (RSS)
information must be shared between the target nodes and
the anchor nodes that correspond to them.

The clustering protocol studied by Bhushan et al. [21],
fuzzy logic-based energy adequate clustering, uses fuzzy
if-then rules to cluster heads on various environments.
Vargheese et al. [22] have designed a fuzzy logic controller
for quality of service routing in mobile ad hoc network,
which is the system for connecting individual mobile
nodes. Ranjita et al. [23] proposed a fuzzy logic-based
on alternative rerouting during road accidents, site work
in process and many more reasons for road blockage.
Multispectral visual odometry (MVO), a novel technique
for localisation and navigation of mobile robots, has been
put out by Fahima et al. [24]; the suggested method entails
fusing visible and infrared photos to locate the mobile
robot in a variety of settings, including day, night, indoors,
and outdoors. Distance matrix and estimation matrix are
utilised to locate node in the Markov chain model that
Bamasaq et al. [25] has developed as a node localisation
technique. Himansu et al. [26] proposed a method to
significantly outperform previously proposed range-free
methods in target node 3D position accuracy; the technique
helps in mapping for various situations, including tracking
workers at various installation sites, solar plant tracking in
smart cities, and mapping fire hazards in forests. Further
fuzzy logic is applied in various applications, such as
predictive maintenance [27], diagnosing [28], prediction of
machining parameters [29], and many more applications.
Zhuang et al. [30] developed hybrid sensing in large-scale
indoor environments to localise mobile robots using two
modes: omnidirectional vision and laser scanning. Savage
et al. [31] estimated the localisation of mobile robots
by vector quantisation with the combination of hidden
Markov models and the Viterbi algorithm. Kraeussling
[32] designed a novel method for mobile robot localisation
using the tracking method based on the Kalman filter and
geometrical properties. Chi Guo et al. [33] focussed on
semantic mapping using a mobile robot with a 2D laser
range and monocular camera. Bayram et al. [34] designed
a six-axis dual-arm robot manipulator for orthopedic
treatment disorders. Du Qiang Zou et al. [35] developed
a brain-inspired cognitive map building for achieving
accurate mobile robot navigation. Tapas et al. [36] studied
stability using a force sensor for biped-robot applications
with an electro-mechanical model. Further, the localisation
of mobile robots indoors [37] and outdoors [38] using GPS,
motion control [39], 3D mapping [40], collision free [41] and
2-D laser range sensors, respectively.

In the above literature, localisation in sensor networks
has been applied in various fields such as mobile robot
navigation, smart cities, automatic guided vehicles, ad
hoc networks, and fuzzy logic system is a tool to find
the optimal localisation in sensor networks, still research
exists in predication of RSS value, this research manuscript
addresses the data uncertainties in RSS.

The manuscripts are organised as follows. The problem
condition of the task is illustrated in Section 2. The
experimental findings are covered in Section 3. In Section 4,
the architecture of fuzzy system formulation is covered. The

research’s findings are finally explained in the conclusion
section, followed by a reference.

2. Problem Statement

In sensor networks, localisation estimation is quite a
challenging task with a higher accuracy rate. Marti et al.
[42] have performed localisation of mobile sensors in
low visibility conditions. The authors have estimated the
RSS using ZigBee fingerprinting approach, and found the
distance of each point in the solution space of three
environments, such as a garden, classroom, and corridor,
and they have concluded that the error rate in RSS
value prediction can be reduced by addressing the data
uncertainty issue; considering this as a research gap the
fuzzy logic system has been adapted using semi-elliptic
membership function (SEMF) to increase the accuracy
rate in the prediction. SEMF [43] remains underutilised
and unexplored with real-time application. Consider this
also as the second objective of the research, an attempt
has been made to validate the merits of SEMF, such as
reduction in computation cost, geometric parameters and
faster convergence in finding an optimal point of decision.
Hence, considering the above research gaps, SEMF has
been adopted in this work.

3. Experimental Data

Several intriguing localisation techniques based on radio-
frequency signals that can be sent in smoke are available
in the sensor networks community. A few methods for
locating mobile nodes using this type of signal analysis
have recently been presented, including time of arrival
(TOA), time difference of arrival (TDOA), angle of arrival
(AOA), and received [26] signal strength (RSS). Marti
et al. [42] have performed investigation with mobile robot
and they have estimated the RSS value in the following
environments

3.1 Fuzzy Inference Training

The training is performed for all three environments by
placing 55 transmitters with four beacons in all three
scenarios; the RSS value and the distance of each point
are trained with the fuzzy inference system. IF-THEN
rules train the fuzzy inference system, and it has been
described using a finite state machine, as shown in Fig. 1.
The trained inference system predicts the RSS value with
distance as the input. The fuzzy space of both input and
output parameters is classified with an attempt using the
SEMF [36]. An attempt has been made with SEMF to
apply with actual time application.

3.2 Garden

It is one of the environments to study the prediction of RSS
value; the size of the garden field (Fig. 2) is 40×40 Sq. ft.
Plants along the edges have surrounded the field, and the
middle space has been plotted with 55 transmitters for the
experimentation of localisation. The fuzzy system has been
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Figure 1. State transmission of all 55 points.

Figure 2. Garden.

designed to predict the RSS value by training the fuzzy
inference system with distance and RSS value, as shown in
Fig. 1. The motivation for selecting the garden environment
is to automate the irrigation process in the garden; hence,
the process has been imitated with the localisation of robot
position in the garden field. The research has been further
extended to studying plant health, diagnosing the risk state
of plant diseases and many more.

3.3 Classroom

It is the other scenario considered for the testing, the
application of mobile robot in education domain will
also be upcoming trend for application like monitoring
students during examination, and assisting the student’s
requirements like providing answer papers, question papers
and many more. The size of the classroom is 40×40 sq.
ft. (Fig. 3), and the coordinate points in the classroom
are plotted with space around desks, in between area of
desks, and also in dais. The class is well structured for the
free movement of mobile robot in across all parts and also
a ramp is provided for climbing the dais. The classroom
has been plotted with 55 transmitters, and the RSS value
of all the points has been trained and simulation for
predication of RSS values is performed with a fuzzy logic
system.

Figure 3. Classroom.

Figure 4. Corridor.

3.4 Corridor

It is a quite common and general place for testing of
mobile robot localisation, because this place giving similar
constraints as like public places, so this place is also
considered for experimentation of localisation. The entire
place is also plotted with 55 coordinate points and the size
of the area is 40×40 Sq. ft. Fig. 4 also remains the same as
like earlier two environments. There is a hallow gab in the
center down corner for the size of 14×10 Sq. ft. which has
been not considered for experimentation. The environment
has quite clear space for the movement of mobile robots.

4. Estimation of RSS Values Using Fuzzy Logic

The output parameters of the mobile robot location
are estimated using fuzzy logic systems, and the fuzzy
controller is trained with the RSS value of each location
point. The input parameters are the location of each point,
and the output parameter is the RSS value. The fuzzy
system has been trained in three environments: a garden,
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Figure 5. Architecture of fuzzy system.

Table 1
Parameters of Membership Function

Semi-elliptic

SEMF ((x;Cd, rd)µE(x)) =
∣∣∣√1 − (Cd−x)2

r2d

∣∣∣ if Cd − rd ≤ x ≤ Cd

0 otherwise

Cd & rd- Centre of the ellipse and radius of the ellipse

a classroom, and a corridor. The fuzzy space of all the
input and output parameters is fuzzified with the SEMF.
Inference in the fuzzy logic system is carried out via
centroid-type fuzzification. The fuzzy inference system uses
the Takagi–Sugeno–Kang (TSK) model type because it has
better accuracy rate in the prediction of the values. TSK
has the ability to predict the values with higher accuracy
with lesser linguistic variables, and the architecture of
fuzzy system is shown in Fig. 5.

4.1 Membership Function

The fuzzy logic system performs the fuzzification by
categorising the fuzzy space of the input and output
parameters. The mobile robot’s input parameters are the
distance between each point, and its output parameter is
the RSS value. The parameters in this work are fuzzed using
the SEMF. Inference in the fuzzy logic system is carried
out via centroid-type fuzzification. Table 1 illustrates the
mathematical formulation of SEMF. Table 2 displays the
SEMF’s coordinate points of all three environments.

5. Result and Discussion

Python 3.7, Spyder 4.2.5, and the “skfuzzy” toolkit are
used to mimic fuzzy inference systems. The workstation
setups consist of 16GB of RAM and Windows 10 OS.

5.1 Garden Environment

The RSS value of each location point is predicted using
the fuzzy system with SEMF, as shown in Fig. 6, and
the experiment results are also in the same figure for

Figure 6. Comparison of RSS value predicted results with
experiment values of garden environment.

comparison. The prediction of the RSS value of the garden
environment has a higher accuracy rate in all 55 location
points because the SEMF has accounted for the uncertainty
in data which makes the fuzzy system more robust and
reduces the error rate in prediction. The average error rate
of RSS value prediction is 1.5% only. SEMF has unique
characteristics with geometric property which has shown
higher accuracy in predication and computational cost is
also low by having geometric parameters like centre (Cd)
and radius (rd). The coordinates of all 55 points in the
garden environment are recorded and trained with the
fuzzy system. The error rate of each location point is shown
in Fig. 7.
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Table 2
Coordinate Points of SEMF for Garden, Classroom and Corridor

Sl. No. Points Garden Classroom Corridor

Parameters

Cd rd Cd rd Cd rd

1 Point 1 3594765.5 844652.5 613379.3 141124.1 466623892.1 113370300.1

2 Point 2 371798.9 77821.8 81801.7 16459.4 23881784.7 5369546.5

3 Point 3 96502.8 17995.5 24712 4373.9 4087137.3 841769.3

4 Point 4 36872.8 6176.1 10534.6 1659.1 1157426.4 218683.3

5 Point 5 17472.4 2652 5439.3 770.7 433698.8 75502.7

6 Point 6 9498.4 1317 3173.3 408.3 194345.8 31328.9

7 Point 7 5679.4 724.4 2014.8 237.4 98609.9 14789.8

8 Point 8 3641.6 430 1361 147.8 54817.3 7683.4

9 Point 9 2463 270.6 963.9 97.1 32679.3 4297.8

10 Point 10 1737.4 178.5 708.5 66.5 20587.5 2549.7

11 Point 11 1268 122.3 536.8 47.2 13562.7 1586.9

12 Point 12 951.8 86.5 416.9 34.5 9270.7 1027.9

13 Point 13 731.4 62.9 370 45.5 7485.7 1163.3

14 Point 14 573.4 46.7 218.6 15.3 3503.7 335.6

15 Point 15 457.3 35.4 181.5 12.1 2646.3 242.4

16 Point 16 370.2 27.3 152.4 9.7 2033.6 178.5

17 Point 17 303.7 21.4 129.4 7.9 14430.6 3344.6

18 Point 18 252 17 110.8 6.5 1255.5 101.7

19 Point 19 211.3 13.7 95.7 5.4 1005.5 78.4

20 Point 20 178.8 11.1 83.2 4.5 814.2 61.2

21 Point 21 152.6 9.1 72.8 3.8 665.9 48.4

22 Point 22 131.2 7.6 64.2 3.2 549.6 38.6

23 Point 23 113.6 6.3 56.8 2.7 457.4 31.1

24 Point 24 99 5.3 50.6 2.4 383.6 25.2

25 Point 25 86.7 4.5 45.3 2 324 20.7

26 Point 26 76.4 3.8 40.6 1.8 275.4 17.1

27 Point 27 67.6 3.3 36.7 1.5 235.5 14.2

28 Point 28 60.1 2.8 33.2 1.4 202.6 11.8

29 Point 29 53.7 2.5 30.1 1.2 175.1 10

30 Point 30 48.1 2.1 27.5 1.1 152.1 8.4

31 Point 31 43.3 1.9 25.1 0.9 132.7 7.2

32 Point 32 39.1 1.6 23 0.8 116.3 6.1

33 Point 33 35.4 1.5 21.1 0.8 102.4 5.3

Continued
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Table 2
Continued

Sl. No. Points Garden Classroom Corridor

Parameters

Cd rd Cd rd Cd rd

34 Point 34 32.2 1.3 19.5 0.7 90.4 4.5

35 Point 35 29.3 1.1 18 0.6 80.1 3.9

36 Point 36 26.8 1 16.7 0.6 71.3 3.4

37 Point 37 24.5 0.9 15.4 0.5 63.6 3

38 Point 38 22.5 0.8 14.4 0.5 56.9 2.6

39 Point 39 20.7 0.7 13.4 0.4 51.1 2.3

40 Point 40 19.1 0.7 12.5 0.4 45.9 2

41 Point 41 17.6 0.6 11.6 0.3 41.5 1.8

42 Point 42 16.3 0.5 10.9 0.3 37.5 1.6

43 Point 43 15.1 0.5 10.2 0.3 34 1.4

44 Point 44 14.1 0.4 9.6 0.3 30.9 1.2

45 Point 45 13.1 0.4 9 0.2 28.1 1.1

46 Point 46 12.2 0.4 8.5 0.2 25.7 1

47 Point 47 11.4 0.3 8 0.2 23.4 0.9

48 Point 48 10.6 0.3 7.8 0.3 21.5 0.8

49 Point 49 10 0.3 7.1 0.2 19.7 0.7

50 Point 50 9.3 0.3 6.7 0.2 18.1 0.7

51 Point 51 8.8 0.2 6.4 0.2 16.7 0.6

52 Point 52 8.2 0.2 6.1 0.1 15.4 0.5

53 Point 53 7.8 0.2 5.7 0.1 14.2 0.5

54 Point 54 7.3 0.2 5.5 0.1 13.1 0.4

55 Point 55 6.9 0.2 5.2 0.1 12.2 0.4

Figure 7. Error rate in prediction of location point in garden environment.
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Figure 8. Comparison of RSS value predicted results with
experiment values of classroom environment.

5.2 Classroom

The coordinate points of all 55 points in the classroom
are predicted using a fuzzy logic system. The experiment
results comparisons are also plotted in Fig. 8. The average
error rate of the predicted value is 1.5%. The classroom
environment has more hurdles due to more table chairs;
the fuzzy system error rate in the prediction of RSS value
depends on the training of the fuzzy inference system. The
geometrical characteristics of SEMF can incorporate the
data uncertainties in the system, and the error rate of all
55 points is shown in Fig. 9. SEMF has gained the similar
advantage of the Gaussian membership function, whereas
it overcomes the limitation of long tail which removes
non-zero numbers in the fuzzy system and also improves
the accuracy rate in prediction of RSS values. SEMF also
improves the system to be more robust by improving the
accuracy rate and reducing the computation load with
lesser geometric parameters.

5.3 Corridor

The fuzzy logic system also predicts the RSS value of
the corridor environment. The results are compared with
experimental data, as shown in Fig. 10. The average error
rate in predicting the coordinate points of RSS value in
the corridor environment is 1.5%. The solution space in

Figure 10. Comparison of RSS value predicted results with
experiment values of corridor environment.

this environment has fewer hurdles than the classroom, the
accuracy of predicting the RSS value for all 55 location
points has equal competence compared to the other two
environments, and the error rate of all the points is shown
in Fig. 11. SEMF has shown faster convergence rate in
prediction, the simulated results also have shown faster
convergence between point 5 to point 14, and also improve
the accuracy rate in further points. Hence, SEMF has
given a higher accuracy rate in training the fuzzy inference
system.

5.4 Comparison of Results

The RSS value of all three environments is predicted
using the fuzzy logic system; the results are compared
with those available in the literature by Marti et al.
[42]. The authors have performed the prediction with
four different methods: K-NN, minimum distance (MD),
and neural network. Even though K-NN, MD and neural
networks are advanced methods, the prediction accuracy
is purely based on the training. In fuzzy logic, all the
localisation points of all three environments have been
trained at a higher accuracy rate. The fuzzy logic with
SEMF has given greater advantage in terms of accuracy
and computation. TSK model fuzzy inference system [44]
has the characteristics accounting for the data uncertainties
in both input and output parameters, and predicting the
values in higher accuracy. Table 3 shows the mean error

Figure 9. Error rate in prediction of location point in the classroom environment.
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Figure 11. Error rate in prediction of location point in a corridor environment.

Table 3
Error Rate (%) of RSS Value Prediction

Sl. No. Prediction
Methods

RSS Value Error
Rates

1 K -NN [42] 24.96

2 MD [42] 35.67

3 Neural network [42] 31.53

4 Fuzzy logic 1.5

rate of the methods adopted in [42] compared with the
fuzzy logic system.

6. Conclusion

The error rate in the RSS value prediction is considerably
reduced using a fuzzy logic system. The fuzzy system has
the advantage of considering the uncertainty in both input
and output parameters, the other system adapted in [42] is
quite advanced, but the prediction has more error rate as
per the results. The outcomes of the research are

• All the prediction system accuracy rate is based on
the system training and considering the uncertainties
in the training data.

• Fuzzy logic addresses the uncertainties in input
parameter distance and output parameter RSS value,
reducing the error rate, and also reduced the
computation cost by using SEMF.

• The attempt made with fuzzy logic using SEMF for
real-time localisation application has quantified the
potential of SEMF.

• SEMF has greater advantage with geometric property
which made faster convergence in localisation, and
also reduced its computation load by having fewer
parameters such as centre (Cd) and radius (rd).
Future research can be extended.

• The prediction system can be extended with a hybrid
intelligence system with a combination like KNN with
fuzzy logic to grab both sides advantages of the learning
system.

• This method can also be extended with Type-2 fuzzy
logic system to improve the accuracy rate further.
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[8] S. Čapkun, M. Hamdi, and J.-P. Hubaux, GPS-free positioning
in mobile ad hoc networks, Cluster Computing, 5, 2002,
157–167.

[9] N. Bulusu, J. Heidemann, and D. Estrin, GPS-less low-cost
outdoor localization for very small devices, IEEE Personal
Communication, 7, 2000, 28–34.

[10] H. Obeidat, W. Shuaieb, O. Obeidat, and R. Abd-Alhameed,
A review of indoor localization techniques and wireless tech-
nologies, 119, 2021, 289–327. https://doi.org/10.1007/s11277-
021-08209-5.

[11] H. Zhang, Y. Xia, K. Liu, F. Jin, C. Chen, and
Y. Liao, A Kalman filter based indoor tracking system
via joint Wi-Fi/PDR localization, Proc. IEEE Smart-
World, Ubiquitous Intelligence & Computing, Advanced &
Trusted Computing, Scalable Computing & Communications,
Cloud & Big Data Computing, Internet of People and
Smart City Innovation, Guangzhou, China, 2018, 1444–1449,
https://doi.org/10.1109/SmartWorld.2018.00250.

[12] P. Bahl and V.N. Padmanabhan, RADAR: An in-building
RF-based user location and tracking system, Proc. IEEE
INFOCOM 2000. Conference on Computer Communications.
Nineteenth Annual Joint Conference of the IEEE Computer
and Communications Societies IEEE, Tel Aviv, Israel, 2000,
775–784, https://doi.org/10.1109/INFCOM.2000.832252.

[13] Y. Yang, B. Huang, Z. Xu, and R. Yang, A fuzzy logic-
based energy-adaptive localization scheme by fusing WiFi and

309



PDR, Wireless Communications and Mobile Computing, 2023,
9052477, https://doi.org/10.1155/2023/9052477.

[14] X. Ou, M. Wu, Y. Pu, B. Tu, G. Zhang, and Z. Xu, Cuckoo
search algorithm with fuzzy logic and Gauss–Cauchy for
minimizing localization error of WSN, Applied Soft Computing,
125, 2022, 109211.

[15] P. Singh, N. Mittal, and R. Salgotra, Comparison of range-
based versus range-free WSNs localization using adaptive SSA
algorithm, Wireless Networks, 28, 2022, 1625–1647.

[16] D.K. Mishra, A. Thomas, J. Kuruvilla, P. Kalyanasundaram,
K.R. Prasad, and A. Haldorai, Design of mobile robot naviga-
tion controller using neuro-fuzzy logic system, Computers and
Electrical Engineering, 101, 2022, 108044.

[17] J. Chadha and A. Jain, Fuzzy logic-based range-free localization
in WSN, Proc. Machine Learning, Advances in Computing,
Renewable Energy and Communication, Singapore, 2022,
89–97, https://doi.org/10.1007/978-981-16-2354-7 9.

[18] B. Karaduman, B.T. Tezel, and M. Challenger, Deployment
of software agents and application of fuzzy controller on the
UWB localization based mobile robots, Proc. International
Conference on Intelligent and Fuzzy Systems, Cham, 2022,
98–105, https://doi.org/10.1007/978-3-031-09173-5 13.

[19] E. Rahayu, A. Rusdinar, B. Rahmat, and C. Setianingsih,
Inverted global sensor for automated guided vehicle localization
and navigation, Proc. 4th International Conf. on Smart
Sensors Application, Kuala Lumpur, Malaysia, 2022, 5–10,
https://doi.org/10.1109/ICSSA54161.2022.9870958.

[20] P. Singh, N. Mittal, and P. Singh, A novel hybrid range-free
approach to locate sensor nodes in 3D WSN using GWO-FA
algorithm, Telecommunication Systems, 80, 2022, 303–323.

[21] B. Bhushan and G. Sahoo, FLEAC: Fuzzy logic-based energy
adequate clustering protocol for wireless sensor networks
using improved grasshopper optimization algorithm, Wireless
Personal Communications, 124, 2022, 573–606.

[22] M. Vargheese, S. Vanithamani, D.S. David, and G.R.K. Rao,
Design of fuzzy logic control framework for QoS routing in
MANET, Intelligent Automation and Soft Computing, 35,
2023, 3479–3499.

[23] R. Ranjita and S. Acharya, A fuzzy logic-based congestion
detection technique for vehicular ad hoc networks, Proc.
Advances in Distributed Computing and Machine Learning,
Singapore, 2022, 167–177, https://doi.org/10.1007/978-981-19-
1018-0 15.

[24] B. Fahima and N. Abdelkrim, Multispectral visual odometry
using SVSF for mobile robot localization, Unmanned Systems,
10, 2022, 273–288.

[25] O. Bamasaq, D. Alghazzawi, S. Bhatia, P. Dadheech, F. Arslan,
S. Sengan, and S.H. Hassan, Distance matrix and Markov chain
based sensor localization in WSN, Computers, Materials and
Continua, 71, 2022, 4051–4068.

[26] Himanshu, R. Khanna, and A. Kumar, Knowledge acquisition
for 3D coordinates of target in wireless sensor networks
for smart city application, Expert Systems, 39, 2022,
https://doi.org/10.1111/exsy.12910.

[27] B. Narayanan and M. Sreekumar, Design, modelling, optimi-
sation and validation of condition-based maintenance in IoT
enabled hybrid flow shop, International Journal of Computer
Integrated Manufacturing, 35, 2022,927–941.

[28] K.B. Badri Narayanan and M. Sreekumar, Diagnosing of risk
state in subsystems of CNC turning center using interval
type-2 fuzzy logic system with semi elliptic membership
functions, International Journal of Fuzzy Systems, 24, 2022,
823–840.

[29] K.B.B. Narayanan and S. Muthusamy, Prediction of machin-
ability parameters in turning operation using interval type-
2 fuzzy logic system based on semi-elliptic and trapezoidal
membership functions, Soft Computing, 26, 2022, 3197–3216.

[30] Y. Zhuang, K. Wang, W. Wang, and H. Hu, A hybrid sensing
approach to mobile robot localization in complex indoor envi-
ronments, International Journal of Robotics and Automation,
27, 2012, https://doi.org/10.2316/Journal.206.2012.2.206-
3498.

[31] J. Savage, E. Marquez, and F. Lepe-Casillas, Hidden Markov
models and vector quantization for mobile robot localization,
Robotics and Applications, 2005.

[32] A. Kraeussling, A novel approach to the mobile robot local-
ization problem using tracking methods, Proc. 13th IASTED
International Conference on Robotics and Applications (RA
2007), Würzburg, 2007, 107–112.

[33] W.Z.C. Guo, K. Huang, Y. Luo, and H. Zhang, Object-oriented
semantic mapping and dynamic optimization on a mobile robot,
International Journal of Robotics and Automation, 37, 2022,
321–331.

[34] A. Bayram and A.S. Duru, Design and control of a
rehabilitation robot manipulator for head–neck orthopaedic
disorders, International Journal of Robotics and Automation,
37, 2022, 486–497.

[35] Y. D.Q. Zou, C. Ming, and L. Dong, Brain-inspired cognitive
map building for mobile robot, International Journal of
Robotics and Automation, 37, 2022, 88–96.

[36] H.J.M. Tapas, K. Maiti, D. Sunandan, O. Yoshihiro, and M.M.-
Mattausch, Electro-mechanical model and its application to
biped-robot stability with force sensors, International Journal
of Robotics and Automation, 37, 2022, 332–345.

[37] H. Kang, J. Yun, S. Kim, and J. Lee, Mobile robot localization
by EKF and indoor GPS based on eliminated maximum
error anchor, Proc. Robotics, Calgary, AB, Canada, 2010,
https://doi.org/10.2316/P.2010.703-054.

[38] Y. Lu, V. Polotski, and J. Sasiadek, Outdoor mobile robot
localization with 2-D laser range sensor, Proc. Tenth IASTED
International Conference, Beijing , 2007, 622–803.

[39] Y. Li, W. Liu, L. Li, and X. Lei, Charging trajectory planning
and motion control for indoor mobile robots, International
Journal of Robotics and Automation, 37, 2022, 520–528.

[40] T.D. Dung and G. Capi, Application of neural networks for
robot 3D mapping and annotation using depth image camera,
International Journal of Robotics and Automation, 37, 2022,
529–536.

[41] X. Wang, Z. Xia, X. Zhou, J. Wei, X. Gu, and H. Yan, Collision-
free path planning for arc welding robot based on IDA-DE
algorithm, International Journal of Robotics and Automation,
37, 2022, 476–485.

[42] J. V. Marti, J. Sales, R. Marin, and E. Jimenez-Ruiz,
Localization of mobile sensors and actuators for intervention in
low-visibility conditions: The ZigBee fingerprinting approach,
International Journal of Distributed Sensor Networks, 2012,
(2012), 951213. https://doi.org/10.1155/2012/951213.

[43] P.K. Muhuri and A.K. Shukla, Semi-elliptic membership func-
tion: Representation, generation, operations, defuzzification,
ranking and its application to the real-time task scheduling
problem, Engineering Applications of Artificial Intelligence,
60, 2017, 71–82.

[44] L. Jouffe, Fuzzy inference system learning by reinforcement
methods, IEEE Transactions on Systems, Man, and Cybernet-
ics, Part C (Applications and Reviews), 28, 1998, 338–355.

Biographies

Sneha Suresh Kumaran received
the B.Tech. degree in electronics
and communication engineering in
2010 and the M.E. degree in mecha-
tronics engineering in 2012. She is
currently pursuing the Doctor of
Philosophy degree in human robot
interaction with Anna University,
Chennai, India. She is working
as an Assistant Professor with
the Department of Mechatronics
Engineering, Sri Krishna College

of Engineering and Technology, Coimbatore, Tamil Nadu,
India. She has published articles in WOS and Scopus
indexed journals. She has published one patent also. She
has received Best Young Faculty Award in Mechatronics
Engineering from SKCET.

310



Samson Jerold Samuel Chelladu-
rai received the B.E. degree in
mechanical engineering in 2008,
the M.E. degree in manufacturing
engineering in 2010, and the Doc-
tor of Philosophy degree in com-
posite materials from Anna Uni-
versity, Chennai, India, in 2018,
which was Highly Recommended
by Foreign Examiner. He secured
university First Rank with Gold
Medal for his outstanding aca-

demic performance in post-graduation. He is working as
an Associate Professor with the Department of Mechanical
Engineering, Sri Krishna College of Engineering and
Technology, Coimbatore, Tamil Nadu, India. He is spe-
cialized in the manufacturing of metal matrix composites,
characterisation of composites, tribology, and optimisation
techniques. He has published many research articles in SCI
and Scopus indexed journals. He also published 5 books
of which “Engineering Graphics” has reached a massive
audience. He has published three Patents and received
grants worth of 89,000 US Dollars. He has delivered many
guest lectures to the faculty members and students. He
has received several awards viz., the Grants Received
Award, the Best Research Paper Award, the Best Faculty
Award, the Star Performer Award, Shri. P.K. Das Memorial
Best Faculty Award in Mechanical Engineering, the Best
Academic Non-Circuit Faculty, the Young Researcher
Award in Mechanical Engineering from SKCET, and other
organizations. He has been in the Editorial Board/Advisory
Board and a Reviewer in reputed journals.

K.B. Badri Narayanan received
the bachelor’s degree in mecha-
tronics engineering from Anna
University in 2008, the master’s
degree in manufacturing engi-
neering from Government College
Technology, Anna University,
India, in 2013, and the Ph.D.
degree in smart manufacturing
from the Indian Institute of Infor-
mation Technology Design and
Manufacturing Kancheepuram,

Chennai, India (An Institute of National Importance
established by the Ministry of Education, Govt. of
India). Currently, he is working as an Assistant Professor
(senior grade) with Amrita School of Engineering,
Chennai Campus. His research interest includes IoT in
manufacturing and type-2 fuzzy logic in manufacturing
systems.

T.A. Selvan received the B.E.
degree in mechanical engineering
in 1986, the M.E. degree in engi-
neering design in 1991, and the
Doctor of Philosophy degree from
Anna University, Chennai, India,
in 2013. He is working as a Profes-
sor with the Department of Mecha-
tronics Engineering, Sri Krishna
College of Engineering and Tech-
nology, Coimbatore, Tamil Nadu,
India. He has published articles

in WOS and Scopus indexed journals. He has published
Patents also.

311


	PREDICTION  OF  RECEIVED  SIGNAL STRENGTH  USING  THE  FUZZY  LOGIC CONTROLLER  FOR  LOCALISATION  OF SENSORS  IN  MOBILE  ROBOTS
	Sneha Suresh Kumaran=1, Samson Jerold Samuel Chelladurai=2, K.B. Badri Narayanan=3, and T.A. Selvan=1
	1 Introduction
	2 Problem Statement
	3 Experimental Data
	3.1  Fuzzy Inference Training
	3.2  Garden
	3.3  Classroom
	3.4  Corridor

	4 Estimation of RSS Values Using Fuzzy Logic
	4.1  Membership Function

	5 Result and Discussion
	5.1  Garden Environment
	5.2  Classroom
	5.3  Corridor
	5.4  Comparison of Results

	6 Conclusion



