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Abstract: In this paper, we discussed the problem 

associated with Global Positioning System  which has lead to 
the development of several localization systems that used 
different technologies like the Infra Red, Radio Frequency, 
Radio Frequency Identification, ultrasound, magnetic, vision, 
audible sound, IEEE 802.11b/g/n (Wi-Fi) radio signal etc.  
We also proposed the use of fuzzy logic as a tool that handles 
uncertainties and imprecision's  inherent with receive signal 
strength indication. 

 
Keywords: Global Positioning System, Localization 

ms, Fuzzy Logic, Receive Signal Strength Indication.
 

1. INTRODUCTION
 
The practice of localization is ancient.  Humans and 

animals have used their sense of sight and sound in 
prehistoric time to locate food, preys and even the position 
of predators in order to avoid them. Familiar sights were 
put up; difficult maps and perhaps reading stars at night 
were a few of the earliest customs of localization. These 
out of date method of localizations could be very boring 
and erroneous, time wasting and very costly. The need for 
humans  to know their positions and that of items in thei
surroundings is very important.  

The importance of the location of objects, animals and 
people cannot be overemphasized in all aspects of life. 
Knowing the exact location of objects can reduce cost, 
waste of resources, save lives and properties depending
the circumstances that requires localization. 

The growth and development in science and technology 
has led to the invention of an outstanding means of 
localization the Global Positioning System (GPS). The 
GPS ability to perform location trailing of a 
human is a successful achievement in the area of 
localization. The poor or probable absence of GPS in 
indoor environments caused as a result of barriers such as 
buildings or other hindrances to the line of vision the 
satellite requires has led to the development of non
worldwide direction-finding satellite system tools which 
includes Bluetooth, Infrared (IR), Radio Frequency 
Identification (RFID) tags,  computer vision and  IEEE 
802.11b/g/n (Wi-Fi) radio signal etc [1]

The common lack of success of GPS indoors and the 
inclusion of Wireless Networks (WNs) in Local Area 
Networks (LANs) are extensively used for indoor 
localization. Amongst the wireless technologies, the 
widely used is the IEEE 802.11b Access Point (AP) which 
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NTRODUCTION  

The practice of localization is ancient.  Humans and 
animals have used their sense of sight and sound in 
prehistoric time to locate food, preys and even the position 
of predators in order to avoid them. Familiar sights were 

ps reading stars at night 
were a few of the earliest customs of localization. These 
out of date method of localizations could be very boring 
and erroneous, time wasting and very costly. The need for 
humans  to know their positions and that of items in their 

The importance of the location of objects, animals and 
people cannot be overemphasized in all aspects of life. 
Knowing the exact location of objects can reduce cost, 
waste of resources, save lives and properties depending on 
the circumstances that requires localization.  

The growth and development in science and technology 
has led to the invention of an outstanding means of 
localization the Global Positioning System (GPS). The 
GPS ability to perform location trailing of a device or 
human is a successful achievement in the area of 
localization. The poor or probable absence of GPS in 
indoor environments caused as a result of barriers such as 
buildings or other hindrances to the line of vision the 

the development of non-
satellite system tools which 

includes Bluetooth, Infrared (IR), Radio Frequency 
Identification (RFID) tags,  computer vision and  IEEE 

[1], [2] . 
The common lack of success of GPS indoors and the 

inclusion of Wireless Networks (WNs) in Local Area 
Networks (LANs) are extensively used for indoor 
localization. Amongst the wireless technologies, the 

the IEEE 802.11b Access Point (AP) which 

is as a result of the fine bandwidth achievable and the cost 
effectiveness  for in house localization ( 
use of 802.11b/g by Wi-Fi positioning systems to infer the 
location of a device in the absence of hardware, the 
utilization of software and a WN PC
Wi-Fi positioning system is suitable for use in indoor 
environments where conventional methods a
reliable. In inferring a device location each AP Receive 
Signal Strength Indication (RSSI) is measured using Wi
link. The RSSI of APs relies on the space and hindrances 
that are located between them and the recipient 
basically propagates a non-wired signal that devices can 
sense and connect to [4]. 

Detecting and following devices that generate 
information on their position is the most important and 
demanding undertaking for positioning applications. The 
in house surroundings basically have two approaches in 
detecting location of devices. The first ap
Broadcast dependant method, where the signals obtained 
are calculated and mathematical approaches are used at a 
location to determine the device position. The reliability of 
this approach is quite low due to interferences that are 
associated with in house radio signals such as noise, 
movements of people etc [5]. The second approach is the 
position fingerprinting method. In this approach, the 
signals received at different positions are stored first in a 
radio map and later signals are used 
signals in order to determine the location of a device 
[6]. The disadvantage of this approach is its stationary 
character which means when there are variations in the 
surroundings; the need for another fresh set of data is 
necessary to acclimatize with the variations. Th
to this difficulty is an in house adaptive localization 
system; that can become accustomed to the changes in the 
surroundings due to APs fluctuations, movements by 
people and still able to infer the location of a device 

In an effort to obtain precise location of devices in real 
time deterministic approach using Nearest Neighbor (NN) 
algorithms have been implemented in the classification of 
a device location [2]. Another appr
method that uses probability distribution on the locations. 
The probabilistic approach generates a more accurate 
position of a device, however, not cost effective 
development of an intelligent system that is able to adapt 
to the uncertainties and imprecision cause by both people 
and Wi-Fi RSSI variations in the scenario is necessary in
order to obtain a reliable, accurate, cost effective and
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Fi positioning systems to infer the 
location of a device in the absence of hardware, the 
utilization of software and a WN PC card [3] proves that 

Fi positioning system is suitable for use in indoor 
environments where conventional methods are not 
reliable. In inferring a device location each AP Receive 
Signal Strength Indication (RSSI) is measured using Wi-Fi 
link. The RSSI of APs relies on the space and hindrances 
that are located between them and the recipient [2]. An AP 
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Detecting and following devices that generate 
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demanding undertaking for positioning applications. The 
in house surroundings basically have two approaches in 
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are calculated and mathematical approaches are used at a 
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. The disadvantage of this approach is its stationary 
character which means when there are variations in the 
surroundings; the need for another fresh set of data is 
necessary to acclimatize with the variations. The remedy 
to this difficulty is an in house adaptive localization 
system; that can become accustomed to the changes in the 
surroundings due to APs fluctuations, movements by 
people and still able to infer the location of a device [6]. 

In an effort to obtain precise location of devices in real 
deterministic approach using Nearest Neighbor (NN) 

algorithms have been implemented in the classification of 
. Another approach is the probabilistic 

method that uses probability distribution on the locations. 
The probabilistic approach generates a more accurate 
position of a device, however, not cost effective [2]. The 
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to the uncertainties and imprecision cause by both people 

Fi RSSI variations in the scenario is necessary in 
accurate, cost effective and real 



 

 

 

 

real time symbolic location tracking of a device.
In order to address the variations in Wi

values for in house environments, we proposed the use of 
fuzzy logic (FL)  to obtain lesser inaccuracy and equally 
adapt to the imprecision and uncertainties in the RSSI 
values suitable for handling  situations involving complex 
systems where a precise statement concerning the system’s 
performance is impossible due to imprecise information 
from the system. In addition to this section, we present the 
basic definitions and concepts of FL in section 2. In 
section 3, the research methodology for the study is 
presented.  FL is presented as a model system for indoor 
environment real time symbolic location trailing using 
RSSI values from Wi-Fi APs in section 4. In  Section 5, 
results obtained are discussed and performance are 
evaluated. The conclusion is followed in section 6.

 
2. FUZZY LOGIC

 
FL system extends the multi-valued logic, in which the 

truth values are the entire close interval [0, 1]. The 
membership is in degrees. FL is a nonlinear function that 
conveniently maps input space to its corresponding output 
space [7]. 

 
 

 

 

 

 

 

 

 
 

Fig.1. An input output mapping of the indoor localization 
system. 

 
In figure 1 the black box represents a fuzzy logic control 

(FLC) system which comprises of four component parts, 
the fuzzification part, rule base, inference engine, and 
defuzzification part [8], [9]. 
2.1 Basic Concepts in Fuzzy Logic 

In FL, there are certain basic concepts that need to be 
understood in order to have a sound understanding of its 
underlying operations. These concepts include the 
following: Fuzzy set (FS), Linguistic Variable (LV), 
Fuzzy Operator (FO) and Fuzzy Rule (FR) 
2.1.1 Fuzzy Set (FS) 

A fuzzy set � in a Universe of discourse 
ordered pair consisting of an element 
corresponding  ����� given by 

Input space                                                                            output space

(RSSI Values)                                                         (Possible Location of 
    Laptop)

 

 

 

 

Given a set of APs RSSI values, what is the most likely symbolic Location 
of the Laptop? 
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following: Fuzzy set (FS), Linguistic Variable (LV), 
Fuzzy Operator (FO) and Fuzzy Rule (FR) [8]. 

in a Universe of discourse � is a set of 
ordered pair consisting of an element �  and its 

  � 	 
��, ������|� ∈ � ∧ ����
 
If � is continuous, � is given by
 
 � 	 �������/�. 
 
Here the integral notation means a set of all points 

� ∈ � and their corresponding  �
is given by 

 
� 	 ∑������/�. 
 
The summation sign means the set of all points 

and their corresponding  ����� which means the union of 
the sets. The slash in both expressions denotes association 
of elements and their corresponding membership grade 
[10],[11] .The function:   

                                                                        
��: � → �0,1�                                   

 
is called the membership function for the fuzzy set 
(MF). 
2.1.2 Linguistic Variable (LV) 

These are variables used in both the antecedent and 
consequent of fuzzy rules to state facts and figures 
regarding an assertion [20]. LV can be expressed by a
Quintuple 
y, N�y�, U, G, M� where 
is the  linguistic values of y. The values are are fuzzy 
numbers in U, U ⊂   is the universe of discourse, 
rule that produces the identities of the values of  
is the rule for the meaning that correlates each value 
[11] . 
2.1.3 Fuzzy Operator (FO) 

The commonly used operators are the AND 
(intersection), OR (union) and the NOT (complement) 
sometimes refer to as operators that connect sentences in a 
statement [11]. 
2.1.4 Fuzzy Rule (FR) 

In every FLC system, the changing nature of the system 
is expressed in a set of rules obtained from the experience 
of experts. The general representation of a fuzzy rule is 
given as follows:  

IF (certain conditions are met) THEN (certain results 
are likely to be inferred) e.g. IF P is  A  THEN  Q is  B. 
where  P and Q are LVs and A and B are the correspon
ding linguistic values. When it entails many LVs in the 
premise and consequent of the rule it is called multi input 
multi output fuzzy system [11]. 
2.2 Fuzzy Logic Controller (FLC)

FLC system is basically consisting of four parts as 
mentioned earlier in respect to the black box in figure 1. 
Figure 2 below is a typical design or structure of a fuzzy 
system. 
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Fig.2. Structure of a FLC System
 
2.2.1 Fuzzification  

This is the transformation of imprecise discrete data 
from an input universe of discourse �
since the handling of information in a FLC depends on 
FSs. This is performed by a fuzzifier. FSs are generally 
illustrated by MFs and tag as “Low”, “Medium”, or 
“High”. The commonly used fuzzifiers are the singleton 
fuzzifier and the probabilistic fuzzifier 
[12]. 

1. Singleton Fuzzifier: This operator si
a discrete input data to fuzzy singleton in the range of 
The result of this transformation is a precise value. The 
input is inferred to as a FS with a MF that is zero 
everywhere except at the input point [10]

2. Probabilistic Fuzzifier: This operator transforms the 
set of input data affected by external influence e.g. noise 
into FS which are utilized in a FLC system. Isosceles 
triangle is commonly used as the fuzzifier, where the ap
of the triangle represents the mean of the set of data and 
the adjacent of the triangle representing two times the 
standard deviation of the set of data. A triangular FN is 
generated that is suitable to use [10], [11]
2.2.2 Fuzzy Rule Base (FRB) 

Fuzzy systems are generally expressed by a collection 
of LVs and their corresponding linguistic values obtained 
from the experiences of experts and engineering control 
understanding, model of the process, control action of 
operators or obtained from statistical set of data 
These are usually in the form of IF THEN rules 
implemented in FL. The set of FR express as fuzzy 
dependant sentences are referred to as the FRB 
2.2.3 Fuzzy Inference Engine (FIE) 

This is the Kernel of a FL control system, where 
decisions are been made. FIE imitates the way human 
beings make decision. This is achieved by using FI and 
inference rules in FL [11]. Using FRs from FRB to decide 
on a mapping between FSs in an input universe of 
discourse � ∈  ! to FSs in an output space 
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on a mapping between FSs in an input universe of 

to FSs in an output space   [12]. 

2.2.4 Defuzzification 
This is the mapping from FSs in the output space 

discrete values in   [11], [12]
defuzzifiers namely, maximum, mean of maximum, center 
of gravity, height and modified height defuzzifiers 

1. Maximum Defuzzifier: this operator observes a 
FS �   and selects a value "  that yields the highest MF. 
That is 

 
 ���"� 	 #$%&#' [10], [13]. 
 
2. Mean of Maximum Defuzzifier: The operator 

calculates the values that yield the highest MFs and 
computes the average of these values as the result 
[13]. If the universe of discourse 

written as () 	 ∑ *+
,

,
-./   where 

point MF attains the highest value 
represents the support values [13]

3. Centroid Defuzzifier: The operator computes the 
Centre of Gravity (CG) of the FS 
is given by "̅ 	 1�2"���"�3"4/��

5 is the support of ���"�. When 
order to estimate "̅, a model that uses summation in place 
of integration is utilized [10], [13]

 

"̅ 	 6∑ 7+
8
+9: ;<�7�=

1∑ ;<�7�8
+9: 4   [10].                    

                                                                               
A symmetric triangle MF has its CG at the vertex, 

Gaussian MF has its CG at the centre of the Gaussian 
function and Trapezoidal MF has its CG at the centre of its 
support [10]. 

4. Height Defuzzifier: The MF is calculated at the 
CG of the set  FS �  given as 
calculates the result as: 

 
 "> 	 1∑ "̅,?

,./ ��8�"̅,�4/1∑?
,.

 
5. Modified Height Defuzzifier: This operator 

calculates MF at the CG "̅,  first, then determines the 
result as:  
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@,  is the support for triangular and trapezoidal MFs. In 
Gaussian MF @, is the standard deviation 

 
3. METHODOLOGY

 

The background of the research work, materials and 
method of approach are as presented as follows:
3.1 Background 

There are computer software’s such as InSSIDer, 
Ekahau Heat Mapper and Network Stumbler (called 
NetStumbler) that are generally utilized in windows 
operating system to identify Wi
access points (APs) by Computer laptops, PDAs etc that
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This is the mapping from FSs in the output space B to 
[12]. There are five basic 

defuzzifiers namely, maximum, mean of maximum, center 
of gravity, height and modified height defuzzifiers [10]. 

Maximum Defuzzifier: this operator observes a 
that yields the highest MF. 

Mean of Maximum Defuzzifier: The operator 
calculates the values that yield the highest MFs and 
computes the average of these values as the result [10], 

. If the universe of discourse � is crisp the result is 

C-  is the support at the 

point MF attains the highest value  �D�C-�  and E 
[13]. 

Centroid Defuzzifier: The operator computes the 
Centre of Gravity (CG) of the FS � as the result. The CG 
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, a model that uses summation in place 
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is the standard deviation [10]. 

ETHODOLOGY  

The background of the research work, materials and 
method of approach are as presented as follows: 

There are computer software’s such as InSSIDer, 
Ekahau Heat Mapper and Network Stumbler (called 
NetStumbler) that are generally utilized in windows 
operating system to identify Wi-Fi non-wired networks 
access points (APs) by Computer laptops, PDAs etc that 



 

 

 

 

are equipped with non-wired cards which are Wi
compatible [14]. Amongst these tools, NetStumbler is 
stable and rated by FINDMYSOFT.com as “Very Good 
*****”, and that NetStumbler has no danger, and secure to 
set up [15]. NetStumbler has the ability to update APs SS 
values every second from the first seen time to the last 
seen time, the potential of determining areas that have 
weak coverage of WLANs, allows for external script 
usage in various programming languages like XML, 
VBScript, VBScript.Encode, Jscript.Compact, Jscript, 
Jscript.Encode, SignedJavaScript, and SignedVBScript 
(see figure 3), and a comprehensive graphic user interface 
(GUI) with several options of signal strength (SS) values 
(see figure 4). 

The Network Stumble generates medi
(MAC) addresses of APs, Service Set Identification 
(SSID), channel, speed, type, Encode, noise, SS, signal to 
noise ratio (SNR)   values of which we extract only the 
MAC addresses and their corresponding SS values using a 
VBScript and the SS values were written to a file every 30 
seconds this is to allow any possible changes in the RSSI 
values to be captured. The SS values of three reliable 
predefined MAC addresses are then read into the Fuzzy 
Inference System by a MATLAB script which is u
inputs to the fuzzy logic controller (FLC). The discrete 
output generated after the defuzzification of the fuzzy 
output is used to infer the symbolic location of the 
computer laptop in the laboratory. This is possible due to 
changes in the discrete output at different locations in the 
laboratory though very minimal. The signal values range 
from -99dBm to -30dBm [2], and the basic model used
generating signal is as given by  [4]: When sensors are 
transmitting signals the decrease in signal strength is 
referred to as attenuation. 

 

    B55 1 	 ") F 10GH& I 7
7J

K
!

F ∑?
-./

where 
RSSI 	 receive signal strength indicator value 
x) 	 reference distance used in normalising path
n 	 exponent of loss path mean
m 	 number of walls between sender and receiver
k 	 number of eloors between sender and receiver
w 	 wall attenuation factor  
f 	 eloor attenuation factor. 

 
The Computer Science and Electronic Engineering 

laboratory  was chosen for the experiment due to several 
reasons such as its size and organization, the availability 
of significant signal variations, the constant usage of the 
laboratory by staff members (Te
Technicians) having their offices in the laboratory and 
students are allowed to use the laboratory for twenty four 
(24) hours a day as against the Computer Science and 
Electronic laboratory two that Wi-Fi APs and signal 
variations are not very noticeable though available for 
twenty four hours (24) a day for  students. These enable us 
to introduce much uncertainty to the signals gotten from 
the Wi-Fi APs as there are frequent movement of people, 
opening and closing of doors and other interfere
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The Computer Science and Electronic Engineering 
laboratory  was chosen for the experiment due to several 
reasons such as its size and organization, the availability 
of significant signal variations, the constant usage of the 
laboratory by staff members (Technologies and 
Technicians) having their offices in the laboratory and 
students are allowed to use the laboratory for twenty four 
(24) hours a day as against the Computer Science and 

Fi APs and signal 
ry noticeable though available for 

twenty four hours (24) a day for  students. These enable us 
to introduce much uncertainty to the signals gotten from 

Fi APs as there are frequent movement of people, 
opening and closing of doors and other interference from 

mobile devices, computer laptops, PDAs etc. That is done 
in order to see how NetStumbler will accommodate 
serious fluctuations in the Wi-Fi APs and their signal 
variations which are basic characteristics of Wi
which transcends to how fuzzy 
imprecision and uncertainties in the RSSI values obtained.

 

Fig 3. Network Stumbler External Scripting Window
 

Fig. 4. Network Stumbler Main Window
 

3.2 Materials and Methods 
The research work was conducted by utilizing a free 

open source software  the Network Stumbler (NS) version 
0.4.0 [16]  for the purpose of receiving Wi
values on a real time basis from CSEE laboratory one. A 
Visual Basic (VB) script source code 
and used to extract in real time the MAC address of all 
Wi-Fi APs and their corresponding SS values generated by 
the NS. This was perform every 30 seconds and written to 
a text file. The computer laptop used is a Zinox laptop 
running on Windows XP operating system service pack 3 
and version 2008-2009.The RAM is 2.12GB, System type 
is 32-bit, the processor is Pentium T4200 @ 2.00GHz.

Due to fluctuation in APs and signal strength variat
several days of exploration and exploitation of the 
environment was performed in order to obtain and use 
reliable APs for the purpose of input in the fuzzy inference 
system. And the exploration and exploitation of the several 
output generated from the experiment was performed to 
classify the symbolic location of the computer laptop.
3.3 Exploration and Exploitation of Access Points 
(APs) 

The NS software was continually kept running in the 
CSEE laboratory one under different environmental 
conditions such as when there are people moving in the 
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mobile devices, computer laptops, PDAs etc. That is done 
in order to see how NetStumbler will accommodate 

Fi APs and their signal 
variations which are basic characteristics of Wi-Fi APs 
which transcends to how fuzzy logic would handle 
imprecision and uncertainties in the RSSI values obtained. 

 
Fig 3. Network Stumbler External Scripting Window 

 
Fig. 4. Network Stumbler Main Window 

The research work was conducted by utilizing a free 
open source software  the Network Stumbler (NS) version 

for the purpose of receiving Wi-Fi APs RSSI 
values on a real time basis from CSEE laboratory one. A 
Visual Basic (VB) script source code [17] was modified 
and used to extract in real time the MAC address of all 

Fi APs and their corresponding SS values generated by 
the NS. This was perform every 30 seconds and written to 

The computer laptop used is a Zinox laptop 
running on Windows XP operating system service pack 3 

2009.The RAM is 2.12GB, System type 
bit, the processor is Pentium T4200 @ 2.00GHz. 

Due to fluctuation in APs and signal strength variations, 
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reliable APs for the purpose of input in the fuzzy inference 
system. And the exploration and exploitation of the several 
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classify the symbolic location of the computer laptop. 
3.3 Exploration and Exploitation of Access Points 

The NS software was continually kept running in the 
CSEE laboratory one under different environmental 

ch as when there are people moving in the 



 

 

 

 

arena like in the day time and at nights like 1.00AM to 
5.00AM and at weekends when there is no person. This 
was done in order to acquire a good knowledge of the 
environment and Wi-Fi APs RSSI values fluctuations. 
This permits us to accumulate sufficient experience as to 
which APs are always readily available.

The APs that proof reliable in the CSEE laboratory one 
within the period of exploration were constantly been 
examined for fluctuations in their SSs. Those APs
produce significant variations in SSs were used to 
represent an exploitable source. Three out of the APs were 
used as inputs to the FL system. This is to combat the 
problem of combinatorial explosion in the FRB 
3.4 Fuzzy MFs 

The three APs used as inputs were classified each into 
three FSs. The FSs were defined as: 
� 	 
iHf, j$3%kl, m%&#�. The left shoulder trapezium 
MF was used for the "iHf" FS, the triangular MF
used for the "j$3%kl"  FS, and the right shoulder 
trapezium was used for the "m%&#" FS. 
3.5 Fuzzy Rule Base (FRB) 

The FL system consisted of  3p 	 27
are obtained from l! , where  l 	 s5t
[18]. Figure 4 and figure 5 below are the input and output 
MFs respectively.  
3.6 Input Values 

A script was written in MATLAB for the purpose of 
reading only the RSSI values of the three APs of interest. 
These RSSI values were fed into the FL inference system 
as input.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.7 Output Values 
The centroid defuzzifier was used in the MATLAB FL 

structure developed to defuzzify the output FSs into 
discrete values. These output values were used for the 
purpose of exploration and exploitation in order to infer 
the symbolic location of the laptop. 

-99                  -85                  -64           
Fig. 5 input  mf      RSSI values in dBm
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arena like in the day time and at nights like 1.00AM to 
5.00AM and at weekends when there is no person. This 
was done in order to acquire a good knowledge of the 

Fi APs RSSI values fluctuations. 
This permits us to accumulate sufficient experience as to 
which APs are always readily available. 

The APs that proof reliable in the CSEE laboratory one 
within the period of exploration were constantly been 
examined for fluctuations in their SSs. Those APs that 
produce significant variations in SSs were used to 
represent an exploitable source. Three out of the APs were 
used as inputs to the FL system. This is to combat the 
problem of combinatorial explosion in the FRB [18]. 
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three FSs. The FSs were defined as: 
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A script was written in MATLAB for the purpose of 
reading only the RSSI values of the three APs of interest. 
These RSSI values were fed into the FL inference system 

The centroid defuzzifier was used in the MATLAB FL 
structure developed to defuzzify the output FSs into 
discrete values. These output values were used for the 
purpose of exploration and exploitation in order to infer 

 
3.8 Exploration and Exploitation of Output Values

Enough output data were generated from the FL system 
for several days under different experimental conditions in 
CSEE laboratory one. This information allows us to 
explore the output at various locations of the laboratory 
using a MATLAB script written basically for exploration 
and exploitation purposes. 

As more information was obtained, we classified the 
output into groups with a tolerance limit. The 
classification made was used to infer the symbolic location 
of the laptop in the CSEE laboratory one by a MATLAB 
script.  
3.9 Symbolic Localization Algorithm

The algorithm used for the symbolic localization of the 
computer laptop in CSEE laboratory  is as follows:
3.8 Exploration and Exploitation of Output Values

Enough output data were generated from the FL system 
for several days under different experimental conditions in 
CSEE laboratory one. This information allows us to 
explore the output at various locations of the laborat
using a MATLAB script written basically for exploration 
and exploitation purposes. 

As more information was obtained, we classified the 
output into groups with a tolerance limit. The 
classification made was used to infer the symbolic location 
of the laptop in the CSEE laboratory one by a MATLAB 
script.  
3.9 Symbolic Localization Algorithm

The algorithm used for the symbolic localization of the 
computer laptop in CSEE laboratory  is as follows:

INPUT : M (3 APs MAC Addresses); N (All APs MAC Addresses and 
RSSI Values); 
 
              FIS (Fuzzy Inference System) 
 
OUTPUT: L (3 Symbolic Locations) 
 
WHILE  (Stopping criteria not met) DO 
 

FOR M ∈ N DO 
 

Use RSSI Values in evaluating FIS;
 
Update L; 
 

END FOR 
 

END WHILE  
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4.0 Fuzzy logic for indoor environment real time 
symbolic location trailing 

There are several factors that are responsible for 
affecting the transmission of measured values from 
distance location to a non-wired data links such as 
attenuation, occlusion, reflection, multipath etc which are 
prevalent in the Wi-Fi APs RSSI values tha
RF signals [2]. The general interference of signals and 
variations in APs constitute a serious problem in an indoor 
environment. The need to employ an efficient and reliable 
tool that can combat these variations in APs and signal 
strength is eminent. FL permits a FL control system to 
model an uncertain data and to deduce new information 
within a tolerance limit associated with each dat

In FL present literatures, there are two common FL 
control systems, Mamdani and Tagaki
made use of the Mamdani control system as it uses fuzzy 
sets (FSs) in the premises and consequent as against T
that uses functions that depends on the input fuzzy LVs in 
the resultant rules [20]. This reduces the computational 
burden on the FL structure in general. In order to obtain 
measurement harmony max-min composition operation 
was used in the FL structure as it satisfies 
distributive over union, though weakly distributive over 
intersection and monotonic [20]. The defuzzification 
method chosen is the centroid defuzzification; this is to 
ensure adequate representation of the output discrete value 
which was used to infer the symbolic location of the 
.Computer laptop in the CSEE laboratory one.
4.1 Implementation of the FL System 

The implementation of the FL system for indoor 
environment real time symbolic location trailing using 
RSSI values from Wi-Fi APs was done in both CSEE 
laboratory one and two but due to the reasonable 
variations in signal strength obtained in CSEE laboratory 
one as against laboratory two it was used for the symbolic 
real time location tracking. Below is the way we structured 
the CSEE laboratory one for the purpose of the symbolic 
localization and presentation of some results of the 
experiments: 

The CSEE laboratory  has dimensions of about 18m X 
15m and is located at 2NW square two in the fifth floor of 
the school of computer science and electronic engineering 
building. The laboratory contains an average of 77 desktop 
computers arranged in blocks of eight and six. The le
side and right side of the laboratory contains desktops 
arranged in blocks of eight with the dimensions of each 
block being 4.84m X 1.64m. The middle of the laboratory 
has desktops arranged in blocks of six with the dimensions 
of each block being 4.02m X 1.64m. Each rectangular 
table is 1.21m X 0.75m. There are nine blocks of desktop 
in all with extra average of nine desktops arranged at the 
rear of the laboratory. 

The laboratory was divided into three locations for the 
purpose of symbolic localization of the computer laptop. 
The left side of the laboratory was tagged location A, the 
middle side was tagged location B and the right side 
tagged location C.  The NS was used for the purpose of 
obtaining the Wi-Fi APs RSSI values. Three sets of APs 
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4.0 Fuzzy logic for indoor environment real time 

There are several factors that are responsible for 
affecting the transmission of measured values from 
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model an uncertain data and to deduce new information 
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ainst laboratory two it was used for the symbolic 
real time location tracking. Below is the way we structured 
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localization and presentation of some results of the 

dimensions of about 18m X 
15m and is located at 2NW square two in the fifth floor of 
the school of computer science and electronic engineering 
building. The laboratory contains an average of 77 desktop 
computers arranged in blocks of eight and six. The left 
side and right side of the laboratory contains desktops 
arranged in blocks of eight with the dimensions of each 
block being 4.84m X 1.64m. The middle of the laboratory 
has desktops arranged in blocks of six with the dimensions 

X 1.64m. Each rectangular 
table is 1.21m X 0.75m. There are nine blocks of desktop 
in all with extra average of nine desktops arranged at the 

The laboratory was divided into three locations for the 
f the computer laptop. 

The left side of the laboratory was tagged location A, the 
middle side was tagged location B and the right side 
tagged location C.  The NS was used for the purpose of 

Fi APs RSSI values. Three sets of APs 

RSSI values were utilized as inputs to the FL system 
developed using MATLAB FL Toolbox at different 
instances. At each instance the output obtained at each 
location was recorded as the laptop was carried from one 
symbolic location to the other. This procedure was 
repeated for several APs in order to determine which set of 
APs were more reliable, at what time of the day, and under 
what circumstances. 

The entire procedure was repeated several days just to 
establish a set of more reliable APs with reasonable or 
approximate degree of confidence linked with each result. 
In each of the experiments at different symbolic location 
the mean of the output and variance were computed. Plots 
of APs were also made to observe the different variations 
in each set of APs. When the set o
were obtained, tolerance limits were formed based on the 
variance obtained. This was then used in a different 
MATLAB script to infer the symbolic location of the 
Computer laptop in the CSEE laboratory one on real time 
as the laptop was moved from one location to the other in 
the laboratory. Figure 6 is the structural representation of 
laboratory one with locations one, two and three indicated.
 

 

 

 

 

 

 

 

Fig.7. CSEE Laboratory 
 

4.2 Results  
The results of the research work for the real time 

symbolic localization of the computer laptop in CSEE 
laboratory one  are given in figure 8, figure 9, figure 10, 
figure 11 and Table 1 as follows: 

 

Fig.8. Control Surface of AP1, AP2 an

Entrance 

Entrance Entrance

International Journal of Artificial Intelligence and Mechatronics 

Volume 3, Issue 5, ISSN 2320 – 5121 

were utilized as inputs to the FL system 
developed using MATLAB FL Toolbox at different 
instances. At each instance the output obtained at each 
location was recorded as the laptop was carried from one 
symbolic location to the other. This procedure was 

eated for several APs in order to determine which set of 
APs were more reliable, at what time of the day, and under 

The entire procedure was repeated several days just to 
establish a set of more reliable APs with reasonable or 

te degree of confidence linked with each result. 
In each of the experiments at different symbolic location 
the mean of the output and variance were computed. Plots 
of APs were also made to observe the different variations 
in each set of APs. When the set of more reliable APs 
were obtained, tolerance limits were formed based on the 
variance obtained. This was then used in a different 
MATLAB script to infer the symbolic location of the 
Computer laptop in the CSEE laboratory one on real time 

moved from one location to the other in 
the laboratory. Figure 6 is the structural representation of 
laboratory one with locations one, two and three indicated. 

Fig.7. CSEE Laboratory One 

The results of the research work for the real time 
symbolic localization of the computer laptop in CSEE 
laboratory one  are given in figure 8, figure 9, figure 10, 

 

 
Fig.8. Control Surface of AP1, AP2 and Location 
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Fig.9. Control Surface of AP1, AP3 and Location
 

Fig.10. Control Surface of AP2, AP3 and Location
 

Fig.11.Sample plot of the RSSI values of AP1, AP2 and 
AP3. 

 
Some mean discrete output and variances values 

generated after the process of exploration and exploitation 
of two set of APs in each location are as follows:

 
Table I. The Exploration mean and variance of RSSI 

values of the locations
 Location 

One 
Location 

Two 

Mean -64.6723 -64.6743

Variance 9.4452e-06 5.5882e-09
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Fig.9. Control Surface of AP1, AP3 and Location 

 
Fig.10. Control Surface of AP2, AP3 and Location 

 
Fig.11.Sample plot of the RSSI values of AP1, AP2 and 

Some mean discrete output and variances values 
exploration and exploitation 

of two set of APs in each location are as follows: 

Table I. The Exploration mean and variance of RSSI 
values of the locations 

Location Location 
Three 

64.6743 -64.6744 

09 9.5101e-07 

Table II. The Exploitation mean and variance of RSSI 
values of the locations.

 Location One Location 

Mean -56.9086 -57.1424

Variance 2.08912e-28 0.0019494

 
5. DISCUSSION OF RESULTS AND 

OF PERFORMANCE
 

5.1 Discussion of Results 
The control surface in figure 8 showed the range of 

Received Signal Strength Indicator (RSSI) values for AP1 
and AP2 that can generate a symbolic location of the 
Computer laptop in the CSEE laboratory 
Signal Strength (SS) variation for AP1 roughly span from 
-77dBm to -48dBm and for AP2 is 
this can give a symbolic location within a SS variation of 
80dBm to -60dBm. 

In figure 9, the control surface showed that the symbo
location of the Computer laptop is between 
60dBm if the SS variation is roughly between 
48dBm for AP1 and -99dBm to -30dBm for AP3. In figure 
10, there seems to be no significant relationship between 
AP2 and AP3. Figure 12 are the 
values of AP1 (-52dBm), AP2 (
64dBm) at a location in the CSEE laboratory one.

Finally, based on the results of the mean and variance of 
the RSSI values for the three locations in the CSEE 
laboratory one, there seem to be no much difference. This 
is likely due to the fact that the Wi
very strong within the CSEE laboratory one. This made it 
quite difficult to reduce the area for the localization of the 
computer laptop in the laboratory.
5.2 Evaluation of Performance

Several metrics are usually employed to evaluate the 
performance of an indoor localization system. The 
following are the metrics we used to evaluate the 
performance of the symbolic localization system. 
5.2.1 Accuracy 

The accuracy is simply the mean Euclidean distance of 
the inferred location and the real location. The more the 
accuracy of the localization system, the preferable the 
localization system [21]; since our work is on symbolic 
location, the use of Euclidean distance seems to be 
practically impossible to measure. The use of Mean 
Square Error (MSE) is amongst several ways of 
calculating the difference between inferred values and the 
real values of a given estimation. If an estimator is 
nonbiased, then MSE is also the variance of the prediction. 
When an estimator’s MSE is zero, this means its 
prediction have a perfect accuracy. However, this is 
practically impossible [22]. Based on the set of APs used 
in table 2, we can infer the accuracy of the symbolic 
localization system as the average variance which is 
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Table II. The Exploitation mean and variance of RSSI 
values of the locations. 

Location 
Two 

Location 
Three 

57.1424 -57.1505 

0.0019494 4.70052e-28 

ESULTS AND EVALUATION 

ERFORMANCE  

The control surface in figure 8 showed the range of 
Received Signal Strength Indicator (RSSI) values for AP1 
and AP2 that can generate a symbolic location of the 
Computer laptop in the CSEE laboratory one. The range of 
Signal Strength (SS) variation for AP1 roughly span from 

48dBm and for AP2 is -99dBm to -30dBm; 
this can give a symbolic location within a SS variation of -

In figure 9, the control surface showed that the symbolic 
location of the Computer laptop is between -80dBm to -
60dBm if the SS variation is roughly between -77dBm to -

30dBm for AP3. In figure 
10, there seems to be no significant relationship between 

 sample plot of the RSSI 
52dBm), AP2 (-48dBm) and AP3 (-

64dBm) at a location in the CSEE laboratory one. 
Finally, based on the results of the mean and variance of 

the RSSI values for the three locations in the CSEE 
m to be no much difference. This 

is likely due to the fact that the Wi-Fi SS of the APs are 
very strong within the CSEE laboratory one. This made it 
quite difficult to reduce the area for the localization of the 
computer laptop in the laboratory. 
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0.0006498 and the Root Mean Square Error (RMSE) 
which is 0.02549 which can be compared with other 
localization systems for accuracy [23]. 
5.2.2 Precision 

The consistency in the functioning of a localization 
system as it replicates the same results within the region of 
its operation. This relies on the reliability of the 
localization system [21]. We performed several runs of the 
localization. 

system at different times and days and observed that the 
system was still able to generate relatively the same results 
within the laboratory.  
5.2.3 Complexity of Algorithm 

This is the computational efficiency of the localization 
algorithm. Localization algorithm with lower complexity 
is better [21]. Here we observed the time complexity as 
there are no arithmetic operations performed by the 
algorithm except logical operations. This was the delay or 
waiting time between the computer laptop been moved 
from one location to the other and reporting the current 
symbolic location. We observed an average of five 
seconds delay in reporting the symbolic location.
5.2.4 Robustness 

This is the ability of the localization system to work 
normally in the absence of certain APs RSSI Values [2
We are yet to experience any of the APs failing.
5.2.5 Scalability 

When the area of coverage increases and the localization 
system can still performs normally [21]
when the computer laptop is moving away from a 
and it still performs adequately. In our work there seem to 
be few   three to five seconds delay as the laptop moves 
from one location to the other. 
5.2.6 Cost 

There are many things on which the cost of a 
localization system relies on. Amongst whi
fitting and repairs, space, portability and power 
symbolic localization system is quite cost effective as it 
used already existing infrastructure, portable, easily 
maintainable, consume little energy and a rechargeable 
battery for the operation of the laptop. 

 
6. CONCLUSION

 
In this paper, we demonstrated how Network Stumbler 

version 0.4.0 was used to capture and generate Wi
RSSI values that were used by FL system to track and 
infer the symbolic location of a sensor (Compu
on real time basis. The CSEE laboratory one was used for 
the purpose of this research work, however, we do belief 
this can be extended to larger area with some modification 
on the APs. The performance of the FL real time symbolic 
location system on the average was commendable. The 
performance also shows that FL is flexible and can 
adequately handle imprecision and uncertainties in 
information. 
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0.0006498 and the Root Mean Square Error (RMSE) 
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When the area of coverage increases and the localization 
[21]. This is depicted 

when the computer laptop is moving away from a location 
and it still performs adequately. In our work there seem to 
be few   three to five seconds delay as the laptop moves 

There are many things on which the cost of a 
localization system relies on. Amongst which is finance, 
fitting and repairs, space, portability and power [22]. Our 
symbolic localization system is quite cost effective as it 
used already existing infrastructure, portable, easily 
maintainable, consume little energy and a rechargeable 

 

ONCLUSION  

In this paper, we demonstrated how Network Stumbler 
version 0.4.0 was used to capture and generate Wi-Fi APs 
RSSI values that were used by FL system to track and 
infer the symbolic location of a sensor (Computer laptop) 
on real time basis. The CSEE laboratory one was used for 
the purpose of this research work, however, we do belief 
this can be extended to larger area with some modification 
on the APs. The performance of the FL real time symbolic 

m on the average was commendable. The 
performance also shows that FL is flexible and can 
adequately handle imprecision and uncertainties in 
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