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Abstract: The main purpose of this research is to improve  The presented results of simulations and physical
localization accuracy of an active Radio Frequertntification, experiments confirm the considerable advantageshef

RFID tag, in 3D indoor space. The paper presenteva RFID  yroposed solution compared with other reportedtianis.
based 3D Indoor Positioning System which shows gperdnce

improvement. The proposed positioning system coewitwo
methods: the Scene Analysis technique and Artifidieeural

Network. The results of both simulation using LostAnce Path . o

Loss Model and physical experiments validate that proposed Nowadays, indoor localization systems based on WIFI

positioning system improves the localization accyraf an RFID  Bluetooth, ultrasound, infrared or RFID standandswidely

tag compared with well-known Scene Analysis techaigolutions. used [3] for the following purposes such as tragkjd],
smart packaging [5], automated parking [6][7] avrbedical

Index Terms: Indoor Positioning System, Neural Network, Radiomonitoring [8][9]. Especially due to its advantagdke

2. SURVEY OF RELATED WORKS

Frequency Identification, Scene Analysis RFID technology using different algorithms has bagaely
applied for target localization [4][6][7][10].
1. INTRODUCTION Common algorithms used for 3D positioning in an

indoor environment are triangulation and SA meth{g]s

For many years, short range wireless technologis h They apply RSS or ToA for distance measurementThe.
been used in various industrial and home applinatiowidespread proximity algorithm is used for 2D piosiing
including Indoor Positioning System, IPS, usedoialize or  in robotics and tracking applications [4].
track objects or people inside buildings. Many sohs have One of the popular SA-based techniques of target
been based on Radio Frequency IDentification, RFIQgcalization is the RADAR method, which is a detaristic
technology. However, most of the RFID-based IPSwo  approach, and in addition to signal strength, usemdio
SatiSfy the target localization rellablllty and acacy in 3D propagation model [12] The Horus method app|y|ng
space. a probabilistic technique, exploits the correlatamong the
A design of robust and accurate system for 3D targgpllected RSS measurements to improve localization
localization is needful. accuracy [13].

Scene Analysis, SA, which is one of fingerprinting In [14], Miao et al. propose a hybrid Genetic
techniques [1][2] is based on comparison of actugdgorithm-Back Propagation Neural Network, GA-BP NN
measurements of Received Signal Strength, RSSihte &f  aigorithm for 2D RFID-based indoor positioning. The
Arrival, ToA, with a pattern called a radio map,iefhis a results confirm that using the ANN can reduce peots

set of measurements performed beforehand withgleg®d caused by complexity and variation in the radionalg
at the points of given coordinates. NeverthelesBJDR propagation in an indoor environment.

transmitters and receivers which are able to mea3oA It was shown that the integration of the fingerpinig
need to be precisely synchronized, which makes thiggorithm with Neural Network can enhance localimat
application relatively expensive. Besides the fiett the accuracy in an indoor environment [15]. The authwopose
RSS measurements are exposed to indoor enVlronmqﬁb ANN based pa‘[tern matching a|gorithm to estnthe

interferences, this type of measurement is commosiyl. positioning error, which is used to adjust primadbmputed
This paper proposes a new hybrid IPS combining Sfrget coordinates.

with Artificial Neural Network, ANN. The hybrid sysm
using RSS measurements affected by interferences in & pPROBLEM STATEMENT AND MAIN
indoor environment, may improve robustness and racgu CONTRIBUTION
of target localization.
From the review of related works one can obseraé th
RFID systems based on triangulation or SA techrscaue

Artykut recenzowany



AN\ MOST

used to localize a target in a 3D space. Taking inwherePL(d)is a path loss at transmitter-receiver distathce
consideration the fact that triangulation has sdnasvbacks, A(dy) refers to the path loss (2) for reference distamge
e.g. missing an intersection, the alternative SAhae may nrepresents a propagation factor which for a frpace
be worth further development. Applying the Scenalgsis environment equals=2. The inferences are represented by
can improve a target localization when the ude8S X; which depicts a log-normal Additive White Gaussia
measurements are contaminated by indoor environmexoise (AWGN), a random variable with zero mean and
interferences. standard deviatioa.

Considering the stated performance problem of 3B IP
the well-founded research inquiry leads to a qoasti the 4.2 Positioning system model

localization quality can be improved by a RFID systusing The system consists of a setMRFID readers located
the algorithm combining the Scene Analysis techaigith in reference points and a tag in a specified positlrhe tag
Artificial Neural Network? position is defined by a vector of tag’s RSSs neeeiby the

It seems to be justifiable to hypothesize that gisin readers, where RSS depends on the distance bethe¢sg
positioning system based on the RFID Scene Analysisd a reader.
technique combined with the Artificial Neural Nettkp The principle of the RFID based Scene Analysis
improves accuracy of the 3D target localizatiommindoor technique is a comparison of the actR8Smeasure with
environment compared with reported Scene AnalysRSSpattern called alsBSSmap [1][2]. The proposed model
algorithms. is divided into two stages: offline and online. Dy the

The main contribution of this paper is modelingtlod  first, offline stage, the map is established frdR6S
RFID system combining the Scene Analysis with thid N measurements at points of given 3D coordinates. rap
techniqgue and then implementing the model in Matiab precision is limited by a number of points and by
verify its performance. To validate the simulatedults, the interferences oRSSmeasurements caused by the indoor
physical system is used and suitable experiments anvironment. During the second, estimation onlilage, the
performed. Furthermore, the proposed system pedocs identified target coordinates are found by refeytine actual

is referred to performance of reported solutions. RSSmeasurements to the previously created map.
The SA paradigm is similar to the ANN principle and
4. MODELING therefore a possible hybrid SA-NN solution may giom

advantages of both methods. The block diagram ef th
A radio propagation model which defines the signgbroposed hybrid positioning system is shown in EigThe
path loss in an indoor environment is needed toehad system algorithm begins with the offline phase, wRSS
virtual positioning system. The SA-NN IPS is modelnd map and NN structure are established. Firstly, stRBS at

analyzed using a suitable block diagram. k different known points are measured by eachl oéaders.
A set of the sampling points creates a samplind grian
4.1. Radio wave propagation model indoor environment. The measurements creg8sampling

The Friis transmission equation is useful to repmés matrix RSS; of the sizekxN. The sampling matrixRSS;
radio waves propagation between RFID readers aygl ta  along with a matrix ofk corresponding tag's coordinates
case of free space, the received signal power fgiven (xg, Vs, %), create the database calldSS Map The
transmitter-receiver distanagis defined by the Friis Free composedRSS Maps used as an input data of ANN training

Space Propagation Model as: process determining the appropriate values of NNghte
and biases.
P(d) _GG,( A 2 The online estimation phase begins with measuresnent
P (d) == (47“] (1) of N RSSvalues of an identified tag placed at unknown

position(x, W, z). TheRSSmeasurements from all readers
create matrixRSS which is used in the estimation process

whereP;, P represent the received power and the tr?“S”}Esulting in the estimate of target tag coordin@tese, ).
power, respectivelyG,, G, refer to a gain of the received

antenna and transmitted antenna, respectivelyis the 5 sOLUTION IMPLEMENTATION
wavelength, d is the distance between receiver and

transmitter and. depicts the system losses. The implemented model includes software and
For an isotropic antennas in (€),=G,=L=1, thus the nardware parts. The system consists of eight reddeated
path lossA defined as a dB ratio can be expressed by: in a test cubic room of the size 5.13 mx4.50 mx2
presented in Fig. 2.
A(d) =10log Rd) :20|09(A] 2) 5.1 Software Impl i
P (d) ad : plementation

The proposed positioning system is implemented in
) ) ) ~MATLAB. The ANN system consists of three layerse th
A surrounding environment, interferences and noisgpyt layer, the hidden layer and the output lajiére input
affect fthe quality of the usdRSS Therefore, the v_wdely used layer includes eight inputs corresponding to tag®SS
Log-Distance Path Loss Model, LDPLM, defines a meagsceived by each reader. The size of the secomtehithyer
signal loss over an indoor distarttas [16]: was determined empirically by starting from a snnaiinber
of neurons, gradually increasing up to the numbe23y at
d which the network performance did not show improgam
PL(d) = Ald,) +10n|0910(dj+ Xs (3) anymore. The network output layer includes threeroms
0 corresponding to the estimated tag's 3D positioning
coordinates. Activation functions used in the hiddayer
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Fig. 1. Block diagram SA-NN positioning system

are hyperbolic tangent sigmoid functions. Moreovire
linear function is used in the output layer.

The Neural Network training process is based on t
back propagation function. To determine the bestkba
propagation method, various functions were examiaed
the function that updates weight and bias values at@sen
accordingly to the gradient descent momentum argbtace
learning rate. Mean Square Error, MSE, was usdbeabest
performance function.

5.2 Hardware Implementation

The tested real positioning system consists of teigh
RFID readers connected to a PC and one activeTiag.
Wavetrend L-RX-900 with AN100 linear polarized whip
antenna served as a reader. The active tag was balG
The system carrier frequency was 433.92 MHz. Theatas
mounted vertically to the tripod with adjustablegdie. All
readers were arranged based on the heuristic kdgele

5.3 Model Integrity

The hardware implementation process began with the
formation of a Received Signal Strength IndicatBSSI
map The RSSlis a numeric parameter defined by the
manufacturer, which indicates the power of a sigmal is
commonly used as a signal strength parameter i Ri¥l
WIFI receivers [14]. However, the used RFID equipine
does not provide a direct relationship betweenrtiative
RSSland the corresponding absolute power of a signal.
Since the virtual IPS model is based RBSexpressed in
dBm, therefore the comparison of simulation andspiat
experiment performance uses different SA maps, twhic
nevertheless does not limit the analysis generality

6. VALIDATION

The validation of the proposed solution is basedhen
comparison of the simulation results with the resdilom
the physical system measurement. Moreover, perfiocenaf
both the virtual and physical systems is collatath wlata
from other reported Scene Analysis applications.

6.1 Physical Experiment Results

Our validation was performed in the cubic roomtof t
size 5.13 mx 4.5 m x 2 m. The eight readers westlled
in room corners, as presented in Fig. 2.

The offline learning phase of the experiment sthrte
with the placement of target tag at coordinates
.5, 0.5, 0.5) m. The room was sampled with and&ep in
all directions, and ended up at the coordinate, @.%.5) m,
which resulted in 216 sampRSSI Map used in SA-NN

training process.

The online estimation phase was performed for 20
randomly selected positions of the target tag. The
uncertainty histogram of estimated positioning shoim
Fig. 3, allows us to conclude about its normalriistion.
The results presented in Table 1 indicate that rtean
positioning uncertainty of hybrid SA-NN IPS system
5.0 cm and the standard deviation is 20 cm.

Physical Experiment Uncertainty Distribution
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experiment.
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6.2 Virtual Experiment Results

In all simulations, we used the value of propagatio

factor n=2.79. The standard deviation=2.7 of the
log-normal AWGN X; (3) was applied in the virtual
experiment offline phase. The used values are based
measurements
environment.

Our tested virtual system was based on the LDPLM (

used to create a virtu®dSS Mapbased on a grid of 0.5 m
mesh with 550 samples.

The virtual experiment was performed for randomly

generated 100 tag positions using the same LDPLMT@
examine system robustness to noise, the simulatizre
performed for three AWGN levels with zero mean eatund
variance of01=1.7, 0,=2.7 and 03=3.7. The uncertainty
histograms of estimated virtual positioning showrig. 4,
allows us to conclude about their normal distriboti The
simulation results shown in Table1l indicate thae t
system’s mean positioning uncertainty is within thege of
2.8 cm for the lowest noise level up to 7.3 cmtha noisiest
case. The standard deviation is quite consistetitérrange
between 20 cm and 23 cm.

6.3 Result Analysis
To uniquely judge the quality of our solution, wepéy

the detection efficiency factor, treated as a rafia number
of target localized with accuracy better than rezpiil m to
a number of all measures. The results present&dhlote 1
show that the simulation localization efficiencyries just a
little, between 86% and 90%. Then, the physicaleeixpent
detection rate is just slightly worse at the leveB85%.

reported in [16] for a similar indoorglo

4 fflfr.[

Simulation Experiment Uncertainty Distribution
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Fig. 4. Histogram of tag position estimation unaity from
simulation

deviation of 28 cm [13]. For similar detection gres for
Horus, the RADAR method average uncertainty wasaf0
with standard deviation of 326 cm [12]. Both, Horasd
RADAR methods concern 2D positioning using the WLAN
standard. Another RFID based Scene Analysis tedenaf
2D target localization is a method based on GA-Binl
Network [14]. Its reported distance mean uncerjawwis
8.1 cm with standard deviation of 210 cm. As coregato
these reported results, the proposed SA-NN metksitjded
for 3D single room localization, achieves the dis&
estimation mean uncertainty of 5.0cm and standard
deviation of 20 cm and shows the best positionctyeacy.

7. CONCLUSION

The applied various levels of AWGN corresponding tdhe aim of this paper was to prove that a combimabtf

different types of environment, are used to verifythe
assumed value of standard deviatienfor log-normal

Scene Analysis with NN technique improves perforoeaof
target indoor localization compared with other &ngyinting

random variableX; (3) is appropriate for the tested physicatechniques. To confirm this, the simulation modetl ahe

experiment. The figures in Table 1 show that restribm

simulations with the primarily assumed standardiaten

0=2.7 match the physical experiment results. F tidise
level, the mean uncertainties are 3.3 cm and 5.00@m
virtual and real experiments respectively, and dsadh
deviation of 21 cm and 20 cm for simulation and stgl

experiment, respectively.

From the results in Table 1, we can also judge ttiat
proposed system is robust for increasing noisel.l®8eth
the standard deviation of the position estimateettamty
and the efficiency, almost do not change with amdasing
noise level. It indicates high precision of the m@ament
method.

physical experiment stand were designed, implendeats
suitable tests were carried out in the indoor emrirent.
The obtained results show that for a physical erpant, the
mean of positioning uncertainty was 5.0 cm withndtd
deviation of 20 cm. Whereas, the accuracy achidweuh
virtual experiments was 3.3 cm with standard déweabf
21 cm.

The experimental results summarized in Table 1 also
show that the standard deviatien2.7 of AWGN used in
the LDPLM, matches the noise standard deviatiosllased
for indoor applications. Moreover, the validatiaqperiment
proves that the LDPLM is a suitable representatibradio
wave propagation phenomena useful for modelR§S

To further verify our proposal we compared itsased distance measurement. The estimated systdises

performance with reported results from other So&malysis
applications, see Table 2. The Horus system dedidoe
detection on the whole floor of the building, ackis

vector can be introduced to the system to corfeetrésult
and increase the positioning accuracy.
The performance of the proposed virtual and physica

positioning uncertainty of about 42 cm with stamtlarsystems was collated with data from others reported

Table 1. Experimental results of virtual and phgbic
systems performance.

positioning systems applying SA approach. The tesul

Table 2. Performance comparison of different Scene
Analysis applications.
SNR Mean uncertainty [cm] | STD | Effi-

(simulations) " y 7 d [cm] | ciency Method Technology Area I\[/Icﬂn [SCL[])
o=1.7 -0.2 2.5 -1.3 2.8 23 88% SA-NN RFID 3D room 50 21
o=2.7 -2.9 1.4 0.8 3.3 21 90% Horus WLAN 2D floor 42 28
o=3.7 -5.0 4.0 30 73 20 86% RADAR WLAN 2D floor 400 326

Experiment -1.6| -4.7 0.5 5D 20 85% GA-BP NN RFID 2D room 8.1 210

32
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ANALIZA SYSTEMU LOKALIZACJI 3D W POMIESZCZENIU OPAR TEGO NA
TECHNOLOGI RFID I £ ACZACEGO METODE ANALIZY SCENY ZE SZTUCZNYMI
SIECIAMI NEURONOWYMI

Gléwnym celem tej pracy badawczej jest poprawa albhdici systemu lokalizacji 3D w przestrzeni zamtaj,
aktywnego identyfikatora RFID. Proponowany systeskalizacji stanowi hybryd dwoch metod: Analizy Sceny oraz
Sztucznych Sieci Neuronowych. W pracy tej przedstaa model proponowanego rozwania, a w celu walidacji systemu
wykonano badania symulacyjne modelu komputerowegkovzystupcego m.in. Logarytmiczny Model Propagacji Fali
Radiowych. Przeprowadzono rowmidadania na modelu rzeczywistym w pomieszczeniuknstym o rozmiarach
geometrycznych 5,13 mx4,50 mr?® ktére potwierdzity poprawré wybranego parametru propagacji sygnatu radiowego.
Uzyskane wyniki potwierdzaj a, ze proponowany system lokalizacji 3D, charakteryzsje wysoka doktadndcia
pozycjonowania aktywnego identyfikatora RFID. Uzgsk doktadn@ pozycjonowania, jest lepszazn®d,5 m. Badania
potwierdzaj zalazoma hipotez, ze proponowany system lokalizacji 3D w przestrzemnknktej charakteryzuje silepsa
doktadndcia niz znane rozwizania oparte na technice Analizy Sceny.

Stowa kluczowe: analiza sceny, identyfikacja radiowa, system pmm@vania wewatrz pomieszczie sztuczne sieci
neuronowe.
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