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Noise Factors of RFIfAided Positioning
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Abstract—In recent years, Radio Frequency Identificationl(RF
is followed with interest by many researches, esfigcfor the

In this study, through the real experiments, buatamdy just the
simulations, to understand the difficulties of gppy RFID and

purpose of indoor positioning as the innate progerof RFID are  ({iscover the relationship between the noise andsitpeal of

profitable for achieving it. A lot of algorithms echemes are proposed

to be used in the RFID-based positioning systernpimst of them are
lack of environmental consideration and it indudesccuracy of
application. In this research, a lot of algorithamsl schemes of RFID
indoor positioning are discussed to see whethecefle or not on
application, and some rules are summarized foreagig accurate
positioning. On the other hand, a new term “Noiaetér” is involved

to describe the signal loss between the targettl@dbstacle. As a
result, experimental data can be obtained but niyt©mulation; and

the performance of the positioning system can beressed

substantially.

Keywords—Indoor positioning, LANDMARC, noise factors,
RFID.

I. INTRODUCTION
OWADAYS, data transfer is a vital segment in many
aspects, for example the transportation, inventory

management, security, etc. As a result, an efficiery of data
transfer is indispensable especially when a lotaté need to be
handled. RFID can provide wireless communicatiotwben
reader and tags which are attached to the targettsb No
matter the transmission rate, transmission distagaantity of
targets or reuse of tags etc., RFID has a bettéonpeance than
the other wireless communication devices.
applications depending on automation are many Thus,
RFID becomes a conspicuous technology in many inidgs
Besides using for tracking or entrance guard, Ri@B been
used for indoor positioning. The RFID technologys hae
advantages such as contact-less, non-line-of-gighitj-object
recognition, long transmission range, scalabilitg @romising
cost-effectiveness, so it has been regarded asladeviand
popular candidate for indoor location sensing [R][3
LANDMARC is a very famous RFID indoor positioning

method. Some of the other positioning methods dse a

referenced the algorithm of LANDMARC, but the aay of
LANDMARC is not so high actually. Although a lot of
researchers pay their efforts on the improvementthaf
precision level, most of them are lack of real agpion, may be
just the simulation, or apply the methods in tleaolroom only.
It indicates that the noises which affect the medevel deeply,
have not been analyzed in detail, so the resudtinduced a lot
of errors in the real applications.
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RFID. After they are known well, wider applicatiooSRFID is

achieved since the accuracy and precision level e be
enhanced, especially the indoor positioning whicighh
accuracy and precision are required.

Il. LITERATURE REVIEWS

Nowadays, positioning is a vital function and maspects
are relied on it. Thus, a lot of positioning systerare
investigated by different techniques:

A. Infrared

Infrared indoor positioning system was developed by

Olivetti Research Laboratory; the accuracy of dlout 5 -
10 meters. The system is required to set up iedrar
receivers and every infrared was connected tonrale
server. By continuous emission signals from thetgixbe
infrared transmitter carried by the user, andréeeived
signals will be delivered to the control serversiimate
location of the user. [4]

B. Wi-Fi
The accuracy of it is about 3 - 5 meters. This esyst
combines empirical measurements and signal praipaga
modeling in order to determine user location thgre
enabling location-aware services and applicatifiis.

C. Ultrasonic
The accuracy of it can be within 9 cm of their tpaesition.
This system uses an ultrasound time-of-flight mezrment
technique to provide location information. [6]

D. Bluetooth
Bluetooth operates in the 2.4-GHz ISM band. Depandi

on the deployment and the technique employed, the

accuracy is about 2 - 15 meters. [7]

E. GPS
Global positioning system is one of the most susfoks
positioning systems in outdoor environments. Itais
space-based satellite navigation system that gesvi
location and time information in all weather, aimase on
or near the Earth, where there is an unobstruatedof
sight to four or more GPS satellites. [1]

F.RFID
Radio Frequency IDentification systems
electromagnetic wave to measure the position obbject.

LANDMARC system and Spot ON system are two

well-known RFID indoor positioning systems. [8]

utilize

688



International Journal of Electrical, Electronic and Communication Sciences

ISSN:

Vol:6,

Although there are a lot of positioning systemsytihave
some shortcomings. The infrared systems may rescheap,
compact and low power consumption, but the linesight
requirement and short range signal transmissiorvarenajor
limitations. The difficulty of Wi-Fi systems is théhe object
being tracked must be supported by a Wave LAN NiRich
may be impractical on small or power constrainesicss.
About the ultrasonic, the ultrasound transceivensstmbe
installed throughout the environment, and in otddye located,
transmitter and receiver have to be in the linsight. The costs
of Bluetooth and GPS systems are too high, andptier
coverage of satellite signal for indoor environnsedécreases
the accuracy of GPS and makes it unsuitable farantbcation
estimation. On the other hand, RFID has a lot ofaathges:
size of tags, visibility, lifespan, performance inarsh
environment, cost, reusability etc. According tdRFRave a lot
of advantages; a great many algorithms which baseRFID
are explored to achieve indoor positioning:

2517-9438
No:7, 2012

The signal strength values of reference tags diected in
various environments first as the offline learnipigase, and
then the redundant reference tags are eliminatédeironline
positioning phase.

Y.H. HUANG, S.L. LV, Z.Y. LIU, W. JUN and S. JUN 8l
studied the relationship between the nearest nergdlgorithm
and the topology of reference tags used in LANDMAR®Gey
proposed an optimal arrangement of reference tagstlae
simulation results showed that the new topology peovide
better performance.

K.L. SUE, C.H. TSAI and M.H. LIN [14] proposed tovitle
the localization are into cells. Thus, referencgstdecome
reference cell and the tags inside the cell asefegence tags. It
can reduce the computational time and the simulatésult
showed that it also provides the high localizatEmeuracy as
LANDMARC.

A. Silva and S. Concalves [15] suggest a revisethoaefor
LANDMARC. Their algorithm can reduce the need fdind

LANDMARC, which is the ancestor of many positioningsearches by automatically reporting to users argkestimate

systems, requires signal strength information femach tag to
readers and then bases on them to estimate thgolocd the

tag. The weaker the signal is, the closer the dadf has three
major advantages: First, there is no need forgelaumber of
expensive RFID readers as reference tags are nsedheap.
Second, the environmental dynamics can easily

accommodated since the reference tags are subjdw same
effect in the environment as the tags to be locatéird, the
location information is more accurate and reliaf@¢.

VIRE, which is the next generation of LANMARC,

introduces virtual tags to reduce the numbers fefreace tag
but also increase the accuracy. The gains of ttiealitags are
obtained by linear interpolation algorithm, andrthige unlikely
positions are eliminated. It is more adaptive thANDMARC
in dynamic indoor scenarios. [9]

K.M. Yu, M.G. Lee, C.T. Liao and H.J. Lin [8] sugged to
implement a RFID based real-time location-awareesysin
clean room and use the triangular positioning atlyor to
estimate the location. The simulation results stbthat it can
take onlyl minute to allocate the lost item.

P.W. Hsu, T.H. Lin, H. Chang, C.Y. Yen, Y.J. Tsemgl C.T.
Chang et al. [10] investigated optimal parametargeims of
reader and
simulations. The nearest neighbors number, efféaeader
position layout, reference tag density and sigriaéngth
preprocessing are studied.

T.ZHANG, Z. CHEN, Y. OUYANG, J. HAO and Z. XIONG
[11] proposed an improved locating algorithm whizgtsed on
LANDMARC to improve the location precision by elinaiting
the dissimilarity among tags. The noise interfeeenis
considered by a noise standard deviation variahlethe
simulation, the result is closer to LANDMARC whédretnoise
level is higher.

W. F. LI, J. WU and D. WANG [12] recommended uskey
reference tags to eliminate redundant reference tigthe
system. This approach is based on the LANDMARC Cesyst

of the possible area in which the target objectdtbe located.
The simulation results showed that the overall tioca
performance is boosted by up to 96.66%.

G.Y. JIN, X.Y. LU and M.S. PARK [16] proposed toeus
average error range to revise the result of LANDMAR hus,
like higher locating accuracy can be reached andamputing
load is reduced.

S. JAIN, A. Sabharwal and S. Chandra [17] recomradnd
eliminating the reference tags which are far awdylacked by
obstacles. And the signal loss function is addedréable to
adjust the noise level for different materials bexdw the reader
and tags.

X.ZHANG, J. PENG and X. CAO [18] provided a method
improve VIRE. Lagrange and Newton are used to pepliaear
interpolation algorithm. The results showed thatwibm
interpolation not only makes the result more accyraut also
cost less calculation time.

X.J. JIANG, Y. LIU and X.L. WANG [19] suggested to
utilize the strategy of putting the tracking taglats k nearest
reference tags in a set, then repeating to cadibifze target
coordinate by the error corrections which obtaibgdnembers
of this set. The calibration will continue untikttracking tag’s

reference tag properties through computordinate tend to be a stable value.

R.C. CHEN and S.L. HUANG [20] proposed to obtaie th
cross section area of the RSS values, and theheisggs inside
as the reference tags, finally using arithmetic mieacalculate
the location values. A preliminary experiment proviis
method has a better precision than LANDMARC system.

These methods have their own advantages and disades.
In the Section V, a further discussion is provided some rules
are summed up for applying RFID indoor positiorsygtem in
real environment.

In this study, some experiments are done for differ
purposes and they are interpreted in detail beldkRFID

EXPERIMENTAL DETAILS
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EMPRESS 2.4GHz Active RFID Reader is selected liig t

research and the system is programmed by C# and SQL Table with tools

A. LANDMARC = =
The LANDMARC algorithm has been tested at the CAL = = =
CAM Laboratory in the University of Macau, whichas L Table with
place that full of machines and tools as Fig. 1us[the CEC I ' t'.“ I'- -
performance of LANDMARC algorithm under noise s & L it
environment can be obtained, but not only in theacl
room or simulations. . & BESHE
Twelve reference tags and four neighbor tags aed,uke .
distances between the reference tags are 80cmhand - * Ref Tag
experiment has been repeated for twenty times.

B. Angle of antenna Fig. 1 Layout of CAD CAM Laboratory

For the purpose to understand the relation betwen
angle of the antenna of the RFID reader and trasithis
experiment is done in a clean room and is shovifign2,
and the targets are one reader and one tag only.
The angle of the antenna and the distance betvieetag
and reader are adjusted, the signal distributitimwarious
distances to the reader under different angleshef
antenna is obtained.

C. Height of tag
For the purpose to understand the relation betwen
height of the tag relative to the antenna of teder and
the signal, this experiment is also done in arcteam and
one reader vs. one tag. gt R L e s
The height of the tag relative to the antenna efr&ader is Fig. 2 The clean environment for the experiment
adjusted as shown in Fig. 3, the height of the laigg
cushion is 5cm as the height of the antenna ismi0Tde
signal distribution with various distances to tteader
under different heights of the tag is obtained.

D. Effect of Wi-Fi
The frequency of Wi-Fi and the EM wave of the RFIC
reader is the same. For the purpose to see ifvitlegffect =l
each other or not, the experiment is done undefFWi =~ -
environment and non Wi-Fi environment. F
For the Wi-Fi environment, the Wi-Fi router is tethon
and close to the reader. For the Wi-Fi environmalhthe
Wi-Fi devices in the laboratory are turned off.uShthe - . (o— — ' = =
signal distribution with various distances to tleader Fig. 3 The setup of the height of tag experiment

under different Wi-Fi environments is obtained.
E. Effect of brick Error of LANDMARC

For the purpose to see the influence of a walhéosignal,
a brick acts as a wall in this experiment. Sinbe t
frequency of Wi-Fi signal is the same to the sigfahe
RFID reader, and the reader also has a Wi-Fi aatethe
Wi-Fi signal of it is blocked by the brick andakecked by
a software WirelessNetView.

F. Effect of CNN machine
For the purpose to understand the relationship dsiw
metals and the signal, this experiment is doné&lbsghe
CNN machine, which is one of the mainly metallic
obstacles in the CAD CAM laboratory. Thus, thensig L2 s 45 6 78 9 101112131 151617 18 15 20
distribution with various distances to the readeder Trials
different distances to the CNN machine is obtained

Fig. 4 The error of LANDMARC algorithm
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ERP
ERP
ERP
ERP

PHY Types First Detected On  Last Detected On MAC Address RSl  Channel Freq.. ChannelNum... Maximum Speed
24/11/201116:44...  24/11/201116:57... 00-24-6c-F3-d5-84 54 2412 1 54 Mbps
24/11/2011 16:45...  24/11/2011 16:57... 00-24-6c-f2-ad-dd 93 2437 6 54 Mbps
24/11/2011 16:54...  24/11/2011 16:57...  00-24-6¢-f3-d6-74 -89 2412 1 54 Mbps
24/11/201116:44...  24/11/201116:57... 00-08-dc-15-3d-c5 88 2412 1 54 Mbps
24/11/2011 16:44...  24/11/2011 16:57... 74-ea-3a-be-d2-ce -45 2462 11 54 Mbps
24/11/2011 16:50...  24/11/2011 16:50... 0 Mbps
24/11/2011 16:44...  24/11/2011 16:57...  00-24-6c-3-d5-82 54 2412 1 54 Mbps
24/11/2011 16:44...  24/11/2011 16:57... 00-24-6c-f2-ad-d2 91 2437 6 54 Mbps
24/11/201116:54...  24/11/2011 16:57... 00-24-6¢-f3-d6-72 91 2412 X 54 Mbps
24/11/2011 16:44...  24/11/2011 16:57... 00-24-6c-3-d5-80 54 2.412 1 54 Mbps
24/11/2011 16:45... 24/11/2011 16:57... 00-24-6c-f2-ad-d0 -93 2437 6 54 Mbps
20/11/2011 16:34...  24/11/2011 16:57...  00-24-6¢-f3-d6-70 -89 2412 1 54 Mbps
24/11/201116:44...  24/11/201116:57... 00-24-6c-f3-d5-81 -54 2412 1 54 Mbps
2471172011 16:44...  24/11/2011 16:57... 00-24-6c-f2-ad-dl 92 2437 6 54 Mbps
24/11/2011 16:53...  24/11/2011 16:57... - 92 2412 1 54 Mbps
24/11/2011 16:44...  24/11/2011 16:57., 54 2412 1 54 Mbps
2471172011 16:44...  24/11/2011 16:57. 94 2437 6 54 Mbps
24/11/2011 16:54...  24/11/2011 16:57... 89 2412 1 54 Mbps

File Edit View Options Help
B 9a

SSID LastSignal  AverageSignal Detection Counter % Detection Security Enabled Connectable Authentication  Cipher
) eduroam 82% 3% 714 974% Yes Yes RSNA ccmp
1) eduroam 4% 5% 92 129% Yes Yes RSNA CCMP
19 eduroam 12% 10% 91 500% Ves Yes RSNA ccmp
1 HKRFID 14% 14% 434 59.2% No Yes 802110pen  None
) RLGLLZ 100% %% 73t %9.7% Yes Yes RSNA-PSK ccmp
) RLGLEZ 100% 100% 2 05% Ves Yes RSNA-PSK ccmp
1) UM_GUEST_.. 82% 83% 127 99.2% No Yes 80211 Open None
) UM_GUEST ... 8% 5% 9% 133% No Yes 802110pen  None
UM _GUEST .. 8% 10% 78 124% No Yes 802110pen  Naone
190 UM_SECURE... 82% 83% 728 99.3% Yes Yes RSNA ccmp
) UM_SECURE... 4% 5% 121 174% Yes Yes RSNA ccmp
() UM_SECURE... 12% 10% 57 310% Yes Yes RSNA ccMp
9 UM _Wireless  82% 83% 728 993% Yes Yes 802.11 Open WEP
UM Wireless 6% 6% 88 121% Yes Yes 802110pen  WEP
UM Wireless 6% 1% PP 79% Ves Yes 802110pen  WEP
P UM_WLAN ... 82% 83% 122 98.5% No Yes 80211 Open None
UM WLAN... 2% 5% a1 126% No Yes 802110pen  None
) UM WLAN_... 12% 10% 85 183% No Yes 802110pen  None
18 Wireless Networks, 1 Selected NirSoft Freeware. hitp:ifwww.nirsoftnst

Fig. 5 Wi-Fi signal with a brick

IV. RESULT

A. LANDMARC

The error (Fig. 4) is obtained by calculating thistahce

between the true position and the calculating ositAnd

there are three cases: Case A is to choose thenéaghbor

tags based on RSS signals, Case B is to choeséotin

neighbor tags by selecting the nearest four eefsr tags
manually and Case C is to select all the referéags as the
neighbor tags.

B. Angle of antenna
The angle of the antenna is adjusted to be ho@t¢hig. 6)
and vertical (Fig. 7), then the signal distribus are
obtained. Both of the curves tend to diminish, atso
oscillate.

C. Height of tag
In the previous experiments, tags are on the fiodre read.
And in this experiment, after the tag is suppartbd signals
are received better and are shown in Fig. 8.

D. Effect of Wi-Fi
From the Fig. 5, a lot of Wi-Fi devices are detdctAlthough the
Wi-Fi devices in the laboratory are turned off,-Aidevices are
around us. Thus, the influence of Wi-Fi can’t biyfexcluded, and
the performances of the Wi-Fi devices are turnfédronot are the
same.

E. Effect of brick

By using the WirelessNetView, the strength of tigmals are

obtained as below.

Before blocked with the brick:
Last Signal 1 18%
Average Signal :19%
RSSI :-86

After blocked with the brick:
Last Signal 1 20%
Average Signal :19%
RSSI -85

As a result, the influence of the brick is indistin

Signal Distribution of Horizontal Antenna
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Fig. 6 Signal distribution of horizontal antenna
Signal Distribution of Verticle antenna
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Fig. 7 Signal distribution of vertical antenna
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Fig. 8 Signal distribution under the tag is vertisith support
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Signal Distribution besides CNC
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Fig. 9 Signal distribution besides CNC

F. Effect of CNN machine

RFID tags are put besides the CNC machine, anctuer is
put close to the origin. The signal distributiafghe tags
are shown in  Fig. 9. The gain of the reader imffioto 31,
when the tag is far away, the gain is close totEn the tag
is near the reader, the gain is close to 31.

The area which close to the origin should havergetagain
and the area that is far away from the readerldhioave a
smaller gain. For the further part, the gain dases
normally, but for the closer part, the gain deses
abnormally, the signals are affected by the CNCachime.

V.DISCUSSION

As a lot of methods are reviewed, some common paifithem

are summarized:

1. Most of them use simulation as a tool to prakeir
improved methods. It is hard to reflect the noiseshe
environment. As a result, the performances of thes n
methods may totally different when they are appirethe
real environments.

2. Most of the new methods are lack of noise conaittar.
Although some experiments are done, they just ignioe
noises. Thus, when these methods are applied indise
environment such as workshop, office, etc., theagare
affected by the obstacles and metals.

LANDMARC algorithm is easy to be implemented, sto&of

methods are referred to it. Based on the algorigome rules

are summed up:

1. Linear Sgnal Distribution
As the LANDMARC algorithm is used the weights oéth
reference tags to estimate the position of theetarte
linear property of the signal distribution is vemyportant.
The more linear the signal distribution is, thetéethe
performance is. In the real environment, it is hardbtain
the linear signal distribution directly. Thus, reifactors
are necessary.

2. Noise Factors
The average noise assumption is not suitable el
environment, and the signal loss equation focusethe
signal between the tag and the reader only, treesaihich
around the tags are ignored. As a result, noiserfaare
used to express the signal loss around an objeadni't be
changed even the position of the object is changbis
information can be saved as a library for the systeuse.

3. Computational Algorithm
The searching time is mainly affected by the comatiomal
algorithm of the system. Except the LANDMARC
algorithm, how to collect the signal efficientlyatso very
important. Not only reducing the searching timet &iso
the experiment time.

About the experiment part, the LANDMARC algoriths i
proved that it is not suitable for using in a no&®ironment
directly. It is found that the antenna is effectteethe signal
distribution, no matter the orientation or the Ineidt is related
to the property of antenna, as Fig. 10 shown. Tdwizbntal
plane that the middle point of the antenna exists ithe best
position to receive the signal, so a support isltgéncrease the
height of the tag to test this property. On theeothand, the
normal line of the tag is more effective to theutesvhen it is
perpendicular to the direction of the antenna, ten increase
the receiving area to reach the optimal signalivéwg plane of
the antenna. The Wi-Fi problem can't be eliminafigdty and
the influence of walls is relatively less than tbatnetals from
the machines.

These property and influences can be used to athjest
performance of the system to achieve linear sidistibution
and involve noise factors. About the further wdhe overlaps
of the noise factors can be studied, or even moigerfactors
can be involved.

3. Some methods are concerned about the noise, byt th

assume the noises distribute averagely. Unfortlynatee
noises distribute irregularly. Therefore, thesehuods are
still ineffective when they are applied in the regiliations,
and most of them just use simulations.
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Fig. 10 Property of an antenna

VI. CONCLUSION

The main contribution of this study is that theesilof
applying RFID indoor positioning system in the mois

environment are established. Linear signal distitiou and
noise factors are vital to the accuracy of the tpmsng system,
and also the efficiency of the system is affected the
computational algorithm of data collecting. Therefothe
further work is to study more noises which affdot (RFID
signals for enhancing the precision level of thesifianing
system.
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