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ABSTRACT Modern wireless communication systems require positioning functions, which provide are automatic location
estimation of stations within a network. However, when new networks are implemented, much higher accuracy is required
when determining geographical coordinates of a mobile station to develop of services related to the station location. To
solve the problem of mobile station positioning, its geographical coordinates are calculated, coordinates of the closest base
stations being known. The paper proposes to use a genetic neuro-fuzzy controller for improving the effectiveness of
positioning a mobile station. Positioning methods providing usage of artificial intelligence methods are based on
measurements of levels for signals from the closets access points or base stations, their coordinates are known. The
proposed localization method is based on values of received signal strength indicator — RSSI. At the same time, the RSSI
method has a disadvantage — low accuracy, which is proposed to be increased by applying methods of artificial intelligence
— fuzzy logic, neural networks, genetic algorithms. Therefore, the objective of this paper is to elaborate an optimized
method for determining location of a mobile station. In compliance with the suggested method, RSSI values and ToA values
enter the genetic neuro-fuzzy controller, after corresponding processing, the distance from the mobile station to the base

station appears at its output.
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I. INTRODUCTION

owadays, with the fast development of wireless
N and mobile communication technologies, the

demand for new and more efficient positioning
algorithms is becoming more and more urgent [1]. In
mobile networks, localization refers to determination of
exact coordinates or location of mobile stations. In case of
appropriate positioning, location-based services will be
able to efficiently provide corresponding services to the
users according to their current locations. Such location-
based services play an important role in many fields and
require the high accuracy of positioning. To ensure the
reliable estimation of mobile stations location, some
studies propose cellular-based positioning methods, which
analyze the signals of cellular networks.

One of the most effective cellular-based positioning
methods of the mobile station localization is RSSI. It is a
signal intensity metric that estimates the intensity of a
signal received by a receiver. Its strength is used to
estimate the distance between the transmitter and receiver
[2]. The relationship between distance and RSSI is as
follows

RSSI =—-10n-logd + 4 .

However, the RSSI method has a drawback -
instability due to fading and multipath effect.

The simplest method is Time of Arrival. It is based on
the exact time when a signal was sent, the exact time the
signal arrives, and the speed of the signal (usually the
speed of light). So, the distance from a base station to a
mobile station can be calculated as:

d=cx (tarrival - tsenl) .

The possible locations of the mobile station can be

determined by using this distance.

Such popular solution as Global Positioning System
requires a high power consumption and its data may be
inaccurate due to obstacles, multi-path propagation, and
indoor environment [3].

So, to reduce the drawbacks of existing positioning
methods, novel methods considering ultimate
achievements of science and technology are being
developed [4].

Positioning methods using artificial intelligence
techniques are based on measuring signal levels from all
nearby access points or base stations, and their
coordinates are known [5]. Neural networks are employed
to optimize the RSSI method [6-7]. Also, for this purpose,
a fuzzy-controller software or hardware solution may be
created [8]. To enhance accuracy of the fuzzy controller,
it can be combined with a neural network and a genetic
algorithm. The neural network updates the fuzzy set
parameters and the genetic algorithm can tune its rule
base properly. So, it is necessary to create a mathematical
positioning model and to perform a network training and
updating. Such approach combines the merits of fuzzy
logic, neural networks and genetic algorithms.

Many mathematical models are known that can
describe the dependence between the distance to the
object and the signal level, and it is also possible to
develop a new model for a specific case.

Therefore, it can be concluded that methods of
positioning a mobile station using artificial neural
networks can provide sufficiently high accuracy.

In order to provide a higher efficiency, we propose to
combine both RSSI and ToA methods and to elaborate
them with artificial intelligence techniques.

The aim of this paper is developing a genetic neuro-
fuzzy controller to be used for mobile station positioning.
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Il. FUZZY-CONTROLLER

For developing a fuzzy-controller, its linguistic
variables should be defined, their terms and membership
functions should be specified. Input variables of the
fuzzy-controller represent all possible states of a
controlled process. Its output variable represents all
possible controlling actions. Further, a rule base should be
determined. It is a set of IF-THEN rules each of them
describing a controlled state.

Input linguistic variables of the positioning fuzzy
controller are the received strength signal indication (R)
and the time of arrival (T), its output variable is the
distance between the mobile station and a base station (or
an access point) (D). Fig.1 presents the architecture of the

fuzzy-controller.
Rule base
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FIG. 1. Architecture of the proposed fuzzy-controller.

The fuzzy controller converts all input variables to
membership function values, then evaluates a fuzzy
output according to a rule base, eventually converts the
fuzzy output to a crisp value.

The developed fuzzy-controller can be converted into
an adaptive neuro-fuzzy inference system (ANFIS),
which suits well for operating under uncertain and
altering conditions. Moreover, to update the rule base, a
genetic algorithm will be applied. Fig.2. illustrates the
architecture of the genetic neuro-fuzzy controller.

Genetic

Algorithm —» Rule Base

!

Neural
Network

FIG. 2. Architecture of the genetic neuro-fuzzy controller.

R Fuzzification |— —»f Defuzzification F—» D

T —>

The linguistic variable of the received strength signal
indication RSSI is defined with terms “very weak”,
“weak”, “medium weak”, “strong” and “very strong”
(Fig.3):

T(Ry={/W,V, MW, S, VS}.

Its membership functions are shown in Fig.3.
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FIG. 3. Membership functions for RSSI.

The linguistic variable of the time of arrival ToA is
defined with terms “very small”, “small”, “medium”,
“large” and “very large”:

T(T)={VS,S, M, L, VL}.

Its membership functions are shown in Fig.4.
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The linguistic variable of the distance D is defined
with terms “very near”, “near”, “not near”, “not far”,
“far”, and “very far”:

T(D)={VN, N, NN, NF, F, VF}.

Its membership functions are shown in Fig.5.

A
VS S M L VL

ToA

FIG. 4. Membership functions for time of arrival.
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FIG. 5. Membership functions for the distance.

The proposed positioning fuzzy-controller operates
according to a rule base consisting of 25 rules:

if R=VW and T =VL, then D=VF;
if R=VW and T =L, then D=VF,
if R=VW and T =M, then D=VF,
if R=VW and T =S, then D=F,
if R=VW and T =VS, then D=F,
if R=W and T =VL, then D=F;
if R=W and T=1L, then D=F;
if R=W and T=M, then D=F,
if R=W and T =S, then D= NF ,
if R=W and T =VS, then D= NF ,
if R=MW and T =VL, then D = NF ,
if R=MW and T =L, then D= NF ,
if R=MW and T =M, then D= NN,
if R=MW and T =S, then D= NN,
if R=S and T =VS, then D=NN,;
if R=S and T =VL, then D= NN ;
if R=S and T=1L, then D=NN;
if R=S and T=M, then D=N
if R=S and T=S, then D=N,;
if R=S and T =VS, then D=N,
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if R=VS and T =VL, then D=N ,
if R=VS and T =L, then D=N,
if R=VS and T=M, then D=VN ,
if R=VS and T=S, then D=VN ;
if R=VS and T =VS, then D=VN .

The location estimation algorithm is as follows:

1. Calculate the Received Signal Strength of the signal
sent from a base station to a mobile station.

2. Calculate the Time of Arrival of the signal sent
from the mobile station to the base station.

3. Define the fuzzy input and output linguistic
variables.

4. Perform the fuzzification of the input values.

5.Perform the fuzzy rule evaluation.

6. Perform the defuzzification. This gives the distance
of the mobile station from the base station node.

I1I. NEURAL NETWORK
Neural Networks are composed of interconnected
artificial neurons. They are able to acquire, store, utilize
expert knowledge, and to learn new patterns. Neural

networks can be used for solving problems of
optimization, identification, classification, prediction,
pattern matching and  recognition, function

approximation, data clustering.

To enhance the operability of the developed fuzzy
controller, it was converted into a neuro-fuzzy controller.
The Adaptive Neuro-Fuzzy Inference System (ANFIS)
was chosen for this aim. ANFIS is an artificial neural
network, however it operates like a fuzzy system under
uncertain conditions, thus combining both fuzzy logic and
neural network main principles. therefore, it can process
nonlinear and complex systems [9]. ANFIS is capable to
approximate non-linear functions. Its main advantage is
ability to combine fuzzy reasoning with learning
capabilities when solving a problem.

Fig. 6 presents a block diagram of the neuro-fuzzy
controller.

Layer 1: each node’s output is the membership degree
ofinput R, T;:

R,=R,,,R,,R Rg, Ry,

VW >
7—;):>T'VS’]1S’]1M’]1L’]1VL'

Layer 2: each node’s output is the weighting factor of
the fuzzy rule:

Mw >

w, =min[R,,,, T,], w, =min[R,,, T,],

VW >

wy; =min[R,,, T, ], w, =min[R,,, T],

wy =min[Ry,, T], ws =min[R,, T,1],

w, =min[R,, T,], wy, =min[R,,, T,],

w, =min[R,, T,], w,, =min[R,, T],
w;, =min[R,,,, T,], w, =min[R,,,, T,],

w;; =min[R,,,, T, ], wy, =min[R,,,, T;],

wis =min[R,,, Ty], we =min[Rg, T, ],
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w;, =min[Rg, T, ], wy =min[Rg, T,,],

wy, =min[Rg, Ts], W,y =min[R;, T,],
w,, =min[Ry, T, ], w,, =min[R,,, T,],
w,, =min[R,, T, ], w,, =min[R,,, T;],
w,s =min[R,, T].

f

25

FIG. 6. Block diagram of the neuro-fuzzy controller.

Layer 3: each node’s output is the ratio of the firing
strength of the fuzzy rule to the total value of all firing
strengths:

n Wi

W= —
W+ W, + oot Wy

Layer 4: each node’s output is multiplication of the
normalized output with the node function:

Dlzwln'DVFa DZZW;'DVFa Dszwsn'DVFa
D, =w;-Dy, Dy =w( - Dy, Dy = wg - Dy,
D, =wy Dy, Dy =w, Dy, Dy =wy Dy,
D10 =W1"o 'DNFa Dn :Wlnl 'DNFa D12 :Wlnz 'DNF’
Dy =w; Dy, Dy=w-Dyy, Dys=ws Dy
Dy =wjs Dy, Dy, =w, Dy, Dy =wg-D,,
Dy =wy Dy, D,, =w}, Dy, D, =w;, - Dy,
D,, =wh,-Dy, Dy =wh;-Dyy s Dy =wyy Dy,
D,y =wi D, .

Layer 5: the node’s output yields the output of the
neuro-fuzzy controller:

Membership functions and fuzzy control rules are two
key parameters of a fuzzy logic controller, which
determine its accuracy. In contradistinction to a simple
fuzzy-controller, the neuro-fuzzy controller possesses a
learning ability that allows adapting and improving
membership functions. To adjust the fuzzy control rules,
we apply a genetic algorithm, that promotes the genetic
fuzzy-controller to behave as closely as possible to the
expert behavior.
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IV. GENETIC ALGORITHM

Genetic algorithms are suitable for solving parameter
optimization problems [10]. Such processes as selection,
crossover, mutation, and reproduction are simulated in the
genetic algorithms. They provide optimization of both
continuous and discrete variables. Thus, one can employ a
genetic algorithm to update a fuzzy rule base.

A chromosome corresponds a solution encoded into
genes. In this study, a gene represents to a linguistic
variable value. Ehe proposed encoding of the fuzzy rule
premises into chromosomes is shown in Table 1. The term
“Very Weak” of the input linguistic variable RSSI is
specified as “000”. The term “Very Small” of the input
linguistic variable ToA is also specified as “000”. The
term “Medium” of both input linguistic variables is
proposed to be specified as “01”. Next, The term “High”
of both input linguistic variables is proposed to be
specified as “11”.

Here, table 2 shows the proposed encoding of the
fuzzy rule consequent into chromosomes. The term “Very
Near” of the output variable is specified as “000”. The
term “Very Far” of the output variable is specified as
“101”.

TABLE 1. Encoding the input values.

R Vw 4 MW S VS
000 001 010 011 100
T VS S M L VL
000 001 010 011 100
TABLE 2. Encoding the output value.
D VN N NN NF F VF
000 001 010 011 100 101

In this study, each fuzzy rule is defined by a set of
genes, which represent fuzzy sets for two input and one
output variables.

A chromosome for the 1-th fuzzy rule looks so:
000100101.

A chromosome for the 25-th fuzzy rule looks so:
10000000.

In this case, we propose to apply the classic genetic
algorithm.

V. CONCLUSION

The paper proposes a method for positioning mobile
stations of wireless communication systems, which
involves the use of a genetic neuro-fuzzy controller to
establish the correspondence between the obtained values
of the received signal levels from the base stations and
time of arrival for these signals and the distances from
them to the mobile station. Hybrid systems combining
fuzzy logic, neural networks, and genetic algorithms have
proved their effectiveness in a wide variety of problems.
Combining these intelligent technologies, it is possible to
get a hybrid system that can process uncertain values and
can be learned and optimized. The proposed fuzzy
controller was converted into the neuro-fuzzy system.
Moreover, the genetic algorithm was proposed for
improving the rule base. Thus, the proposed approach can
increase the accuracy on mobile station location
estimation.
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3acToCyBaHHA METOA,iIB LUTYYHOrO iHTEeNEeKTy AN
BM3HAUYEHHA MiCLLenoN0XXeHHA MOobinbHOI cTaHLii

OneHa Cemeuoaa*, AHppin CemeHoB, AHApIl JlyunwinH Ta Bagum Aupa

dakynbTeT IHGOPMALLIHUX €N1EeKTPOHHUX CUCTEM, BIHHMLbKUIA HaLiOHaIbHUI TEXHIYHWIA YHiIBepeuTeT, BiHHMLA, YKpaiHa
*ABTOp-KOpecnoHAeHT (EnekTpoHHa afpeca: semenova.o.o@vntu.edu.ua)

AHOTALLA Ona cydacHUx cuctem 6e3npoBigHOro 3B'A3KY BaXK/IMBUMM € QYHKLIT MO3ULiOHYBaHHA, TOBTO aBTOMAaTUYHE
BM3HAYEHHA MICLIEMNOJIOKEHHA CTaHLii y Mexax mepeski. Hapasi Bce 6inblwoi nonynsapHocTi HabyBaloTb Pi3Hi cnocobu
Nno3unLioHyBaHHA 06’EKTIB AK Ha BiAKPUTOMY NPOCTOPI, TaK i ycepeauHi NpumiweHHs. Mpoueaypa NO3ULIOHYBAaHHA BKAOYAE
B cebe BM3HaYeHHA KOOPAMHAT i NapamMeTpiB pyxy MobinbHOro aboHeHTa. MpoTe, Npy BNPOBAAMKEHHI BiNbll HOBUX MEPEK,
ONA  PO3BUTKY MOCAYr, MNOB’A3aHWMX 3 MICLLENOMIOKEHHAM CTaHLii, HeobxigHa 3Ha4YHO BWLWA TOYHICTb BW3HAYEHHA
reorpadiyHMx KoopanMHaT MobiNbHOT cTaHLl. [na po3B’A3aHHA 3a4a4i NO3ULiOHYBaHHA MOBINbHOI CTaHLii obuYncatooTbCA Ti
reorpadiyHi KoopAMHATM MNpU BIAOMWX KOOpAMHATax Hanubavkumx 6as3oBux CcTaHuih. Y poboTi 3anponoHoBaHO
BMKOPUCTOBYBATU rEHETUYHWUI HEMPO-HEUITKUIN KOHTPOEp ANA NiABULLEHHA ePEeKTUBHOCTI BUSHAYEHHS MiCLLe3HAXOAKEHHS
MO6iNbHOI cTaHUil. MeToan no3uuioHyBaHHA, WO nepeabayatoTb BUKOPUCTAHHA METOAIB LTYYHOro iHTeNeKTy, 6asyloTbcs
Ha BMMIpIOBAHHAX PiBHIB CUrHaAiB Big, HaWBAMMKUMX TOYOK AoCTyny abo 6a30BMX CTaLii, a iX KOOPAUHATM € BiZOMUMM.
MpPONOHOBAaHUIN METOZ BU3HAYEHHA MICLLEMNO/IOMKEHHA 6A3YETbCA HAa 3HAYEHHAX BEIMYMHWN PiBHA MPUNHATOrO curHany — RSSI.
B ToiM ke yac, Heaponikom metogy RSSI € Moro HeAoCTaTHA TOYHICTb, MiABMLUMTUA AKY MPOMOHYETbCA 3a PaxyHOK
BMKOPUCTAHHA METOAIB UTYYHOIO iHTENIEKTY — HEYITKOI NIOFiKN, HEMPOHHUX MEPEeK, reHETUYHUX anropPUTMIB. TaKMM YMHOM,
METOI0 AaHOoi poboTH € po3pobaeHHA ONTUMI30BAHOrO METOAY BM3HAYEHHS MICLENOoNoXeHHA MobinbHOI cTaHuii. 3rigHo
3aMpONOHOBAHOrO MeToay, 3HayeHHA RSSI Ta TOA HagxoAATb Y FeHETUUYHUIA HEMPO-HEYITKUI KOHTpoNep, Wo GYHKLioHYE 3a
6a301t0 3 25 NpaBuWA, Ha MOro BUXoAj Nicna BiANOBIAHOrO 06pP06AEHHA 3’ABNAETLCA 3HAYEHHA BiACTaHi Big MOBINbHOT CTaHLT
[0 OAHiEl i3 6a30BMX CTaHLiM. 3acTOCOBaHO ribpuAHMIA Niaxig, Ae HelpomepelkeBa CTPYKTypa nepepbadvac agantusHe
HafaLWTyBaHHA 6331 HEYITKMX MPABUJI, @ FTEHETUYHWUI aNropUTM 3abesneyye BUBIP ONTUMaNbHOrO BapiaHTy.

KNKOYOBI C/IOBA mo6inbHa CTaHLjifA, MO3ULiOHYBaHHA, HEYITKUIN KOHTPOAEp.
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