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ABSTRACT

This thesis is to study the- characteristics ,of -propagation channel. of ratio frequency
identification (RFID) within “an indeor énvironment. Because of significant to wireless 2.4 GHz
communication systent, the propagation channel analysis based-on Friis transmission formula that is
convenient and not complicated for.use, which is approved in many files such as seience and wireless
communication cngineering. Therefore, this formula is suitable for narrow band eemmunications. In
this thesis, we defined the model of propagation channel on usable hypothesis 6f radio frequency
identification(RFID) as“well as the magnitude and phase channel transfer function under test within
an indoor environment, which considered to waves charaeteristic of ‘diffraction, the antennas
polarization and near-far field region of c¢hanncl modeling. Using theé microstrip patch antennas are
operating frequeney.of 2.4 GHz test for the transmitter and réceiver in eachomodel, ‘and using vector
network analyzer (VNA) machine is employed for measuring and recording. The'measured data from
the experimental will be considered to fine the magnitude and phase ‘'of channel transfer function, path
loss (PL), power delay prefile. (PDP)." correlation coefficient (C)y"and bit error rate (BER) are
evaluated. This thesis very useful and ean.be used to.developing and improving the performance of

radio frequency identification communications in the future.
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& 4 : .
3.2.3 mia@euHvaInay (Diffraction)
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3.2.3.1 Fresnel Zone Geometry
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Measurement and Modeling of RFID Propagation channel with in an Indoor
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Email; {x1061018, kpsathap, ksnikorn} @kmitl.ac.th

Abstract

The: radio frequency identification (RFID) technology
was automatic identify becomes was esseniial in the ser-
vice an indoor.environment such-as contactless smart card
and libraries [10] at high frequency in free space transfer
Sunction in wireless communication usually econsider used
Friss's formula for analysis. This paper the RFID propa-
gation channel ar 245 GHz with indoor environment. The
measurement result are evaluation by using Friis’s trans-
mission formula to_find the magnitude and phase channel
transfer function, path loss, and power delay profile. This
technique is very useful for analyzed the signal strength and
radio propagatonloss of RFID transmissien signal

Keywords: RFID, antenna transfer function, Friis’s
transmission formula, propagation channel

1. Introduction

Radin Frequency Identification RF(D technologyis used
in short and long range communication technology [1]. -t
has several important-advantage over the traditional bar-
code. and a small electronic assembly a transponder fitted
to it that would respond witha burst of radio frequency (RF)
carrier modulated identification data-when interrogated by
a RF signal on a diffecent frequency from either a hand-
held scanner/reader, This burst of identifying data was in-
tercepted by the scanner, decoded and usedto-both identify
the tagged item and for it to be counted. The-early REID
tagging means were battery powered so called active de-
vices [4]. Since then RFID use, and potential, has greatly
increased in large part due to the unit cost, size and power
needs, of the essential tag having decreased by many orders
[1]. RFID is used in radio waves for automatic identifica-
tion about people or object and implement in work about
business, logistic, industry, smart card, animal tagging and

978-0-7695-3489-3/08 $25.00 © 2008 IEEE
DOI 10.110%/ICACTE.2008.111
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Figure 1. RFID transmission system.

keyless entry [12]. REID operates-in different frequency
band such as.LF 125 = 134.2'kHz , HF 13.56 MHz , UHF
868 — 915 MMz , Microwave 2,45 GHz, RFID system in
which the gap between the reader and the transponder or tag
RFIDyis greater than 3 meters are called long-range system
and could accept transfer large packets of data quickly [1].
These system are operated at the microwave frequencies
2145/'GHz._The communication of RFID system between
the-reader and the transpondeér or tag is electromagnetic
propagation coupling and high frequency are short range
systems based on inductive coupling between the reader
and the transponder or tag antennas through ultra-high fre-
quency into microwave RFID system are long-range system
[12].

This-paper investigate measurement the part of Radio
propagation behavior of RFID system in frequency range
2.45 GHz by this model is designed surrounding an indoor
environment of RFID wireless system [8] after that analy-
sis transmission loss [11] and transmission power by illus-
trated system analysis of RFID signal in Fig.1. is waveform
of experiment. The Friis's transmission formula for analy-
sis the signal strength and radio propagation loss between
the reader and the tag by using Tx and Rx as a microtrip
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i computer
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Figure 2. Block diagram of RFID transmis-
sion.
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Figure 3..The measurement system model-
ing. :

antenna [7] with fix transmitter and distance thus move the
receiver in each angle an indoor environment. The result of
experiment such.as magnitude and, phase channel transfer
function, path loss and power delay profile:

2. Theory of RFID Transmission sytem

2.1. Free space transfer function in RFID

We used Friss's transmission formula evaluate signal be-
tween transmitter and receiver in RFID system. Because
Friss's transmission formula is suitable and agreeable for
narrow band communication or wireless system [6]-[2].

Institute of T

gy Ladkrabang. Doy
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Figure 4. |Syy| characteristics of microstrip
patch antenna.

af

& ineqrans)

Figure 5. Radiation pattern of microstrip
patch antenna.

The power transferratio in frée space is give by
2

I sndy V.o
GF el = 5= Mgt ) C-NGL)
Where G, and-G, are the'anténna gain of the transmitting
and receiver anlennasyrespectively. The free space propa-
gation‘gain is the wavelength, A = ‘7’ c is the velocity of
the light, f is the frequency and d is the distance between
transmitter and recciver antennas. The [riis’s transmission
formula is extended taking into account the transmission
waveform as [9]

Heviasf) = 1 = Ry (NHANEL) @

t

Where is a complex transfer function vector of the antenna
relative to the isotropic antenna [9],

Hy(f) = g xp(~3kd) o
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Magnitude

is the free space transfer function where

—

7 (4)

is the propagations constant.
2.2. The transmission Signal-and Path loss

Thesignal for transmit can be represented as

sepraic(t) = mit)y/ % sin(2m fof +6.) 5)

where sin{27 fot + 04) is applied as the carrier, and

A /3.1-.‘? is the data signal, m(f) is applied as the modulated
waveform [3}

The indoor. environment path loss: model” chosen -for
the purpose of simulation is given in equation

(6)

FL(dB) = PL(du) + 10n log (di)
0

Where dy is arbitrary reference distance; n is a value that
depend on the surroundings and building types-an indoor
following Table 1 ; d is the separation distance between the
antenna.

2.3. The Receiver Signal

The transmitted signal pass through the RFID channel
including the transmitter and receiver antenna. However,

gl Institute of Tech gy L D
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Figure-7.-Channel transfer function at 90 ¢:
Phase

Table 1. Value of n characterizes different en-
vironment.

Environment Value(n)
Free space |
Urban area 2735
Shadowed urban area 3-3
Indoor LOS 1.6-1.8
Indoor NLOS J 4-6

the total receiving signal for can be expressed as

2F
raPbx () = mit) T—” sin@27 fol 4 6.) +n(t) ()
b
where 7(t) is additive white Gaussian noise.

For wireless system which grossly quantify the multi
path'echannel are used: The mean excess delay, rms delay
spread, and excess delay spread are multi path channel pa-
rameter that can be determined from a power delay profile
[5]is given by

g Seaine Y Pugme 8)
2 ‘li Yok Firyy

b 52;:@31"_2 _ ok P 9)
. }../.L- af_ Zk P("t)

ar =72 — (7)? (10)

where 7 is mean excess delay, o is rms delay spread and
P(7y) is power delay profile
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Figure 8. Path loss of RFID Propagation chan-
nel.

Table 2. Experimental setup parameters.

Parameter Value
Frequency range 2 GHzto 3 GHz
Number of frequency points 801
Dynamic power range 80 dB

Tx antenna height 2.10m

Rx antenna height 1.20m
Dislance between Tx and Rx 1.50.m
Angel between Tx and Rx 0-3604
Antenna type Microstrip

3. Measurement system

By using the yector network analyzer(V.NA) in the chan-
nel measurement, complex transfer function can be méa-
sured. The transfer funclions were measured as So; in the
frequency domain. Calibralions, The VNA was operated in
the response measurement mode, where Port-1 was used as
the transmitter port (Tx) and Port-2 was uséd as the receiver
port (Rx), The Tx anlennas were fixed al the height of 2.10
meters and Rx antennas were fixedat the height 1.20 meters
and distance between transmitter antennas with receiver an-
tennas of 1.50 meters with the number of frequency point
of 801 are taken in the indoor environment at the room of
Department of information engineering (KMITL). by We
will designed modeling in experiment to antenna between
Tx and Rx in measured surrounding can be medeling an in-
door environment of wireless communication system, This
model can be test with body personal area network then
however this model is tested transmission signal between
Tx and Rx antenna an indoor environment propagation loss

396
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Figure 9. The power delay profile of transmis-
sion system.

of system and-bit eror rate. we'have chosen the microstrip
antenna for medsurement is Tx and Rx antenna show in
Fig.d. ' The important parameters for the experiments are
listed'in Table 2.

4. Results

This fromre measurement, transuission chanvel of sys-
tem the magnitudes frequency responses al 2,45 GHz was
considers of frequency by illustrated in the Fig. 6. was
the transfer function of signaland indicate of energy power,
The Observe frequency-at 2.45 GHz has a little the noise
signal, After that the observe phase transfer function has a
interval of frequency response at 2.4 = 2.5 GHz so in this
space was a little the noise signal but the best at 2.45 GHz
by illustrated in the Fig. 7. The néxLis show path loss be-
tween transmitter and receiver has a low loss in the interval
of angle at 30 — 150'@.and Finally was show illustrated of
power delay profiledn the Fig. 8 and 9.

5, Conclusion

This _paper, may be the part of the research for imple-
mentation in the future of RFID technology in long rang
system or the detail of propagation channel, can be applied
into operates about using fast identifies smart card and high
speeds of data in an indoor environment, The result from
transtmission can be know different about propagation loss
and characteristic channel of RFID system , path loss, and
power delay profile. The can be analyzed the signal strength
and radio wave propagation of RFID transmission signal in
an indoor environment at different angle between the reader
anlenna and the transponder or lag anterma for frequency at
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Abstract—The radia’ frequency identification (REID)xis ' a
wireless communications that lets computer reads he
identity to tag at 2:45 GHz can be Tast identified the high
speeds at 3 meters read range guaranteed at speeds of 100
km/hr. This paper~used the model for expressway by
supposing  receiver moves ~to  fixed transmitter, | the
microstrip antenna- was used for” both  transmitter, and
receiver, The Friis™s transmission formula fs. used [for
analysis. We considered  characteristics - of . antennas
performance  at "each diStance  transmission. channel;
magnitude and phase channel transfer function, bit error
rate, path-loss and rms-delay-spread. were. the results of
experimental. This technique,is very 10 useful for analyzed
the signal performance and-transmission signal in the REID
networks

Keywords- REID transmission signal, antenna transfer
JSunction, Frils’s transmission formula

I. INTROBUCTION

Radio ' Frequency  'Identification. (RFID). s~ the —next
generation wireless communication technology applicable to
various fields such ' as _distribution, . | circulations,
transportation networks, etc. [1] REID is-contact technology
that identifies objects attached with tag or transponder. The
reader and the tag consist of -microstrip antennas. RFID
readers obtain the information of -objects and direction
through  communication *.tag anicnna.  Minimizing
atlenuation among RFID reader. and tag’ signals’ has a
substantial effect on performance because tag recognition
rate effectively determines RFID system performance.
However, the RFID distance problem has Short- range
system [2]. The communication between the reader and the
tag RFID is greater above | meter arc called long-range
system and could accept transfer large packets of data
quickly These system are operated at the microwave
frequencies 2:45 GHz is short wavelengths of these
frequency ranges facilitate the construction of antenna with
far field smaller dimension and greater efficiency than
would be possible using low frequency range [3]-[4]. The
communication of RFLD system this requency between the

978-0-7695-3567-8/09 $25.00 © 2009 [EEE
DOI 10.1109/ICFN 2009.53

Figure L. RFID Transmission system‘—_

reader and the transponderor. lag  is-¢lectromagnetic
propagation [5].

This! paper is shows! the| part behavior, of system in
frequency range 2:45 GHz by analysis transmission loss and
performance-of RFID. by show system analysis of signal in
Fig.l, is waveform | of cxperiment, ~by using Friiss
transmission formula for analyzed these ¢an be test the
strength and radio propagation loss between the reader and
the tag-and then studies the performance of channel by
considered the antenna using was the both microstrip patch
antenna {6] between receiver and transmitter,

H. ' THEORYOF RFID [RANSMISSION SYSTEM

A. ~Propagation Channel REID

We used Friss's transmission formula evaluate signal
between transmitter and.receiver in RFID system. Because
Friss’s: transmission formula s suitable and agreeable for
narrow band communication or wireless system [7]. The
power transfer ratioin free space is give by

G.t‘rm (f)z——Pr (f) =[—i

PN \dmd
Where G, and G, are the antenna gain of the
transmitting and receiver antennas, respectively [8]. The

2
)G.(I)G,(f} ()

c ;
free space propagation gain is the wavelength A=— | ¢is

the velocity of the light, [ is the frequency and d is the
distance between transmitter and recciver antennas. The

3 IEEE
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Figure. 2. Block'of RFID transmission.

Figure, 3.
Friis’s transmission formula is extended taking into account
the transmission waveform as

4 v I
o (V== HYUN), HS ), el (23

Where is @ complex transfer function veeior of the antenna
relative to the isotropic antenna {9)

A :
g2, ¢f) VP o A b 3

is the free space transfer function where

K Sae— 4
7 (h)

is the propagations constant.

B.  The Transmission Signal Waveform
The signal for transmit can be represented as

2K

Syppsr (D=m(1) sin(2af.t + 6.) (5)

Z,
Where sin(2747.1 + &.) is applied as the carrier, andw

Ewisvthe data signal, m(t)-is applied as the
d T,

modulated waveformw
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Tablel. Value of n Characterizes different Environment.

Environment Value(ri)
Free space 2
Urhan area 2.7-35
Shadowed urban area 3. 5
Indoor LOS [.6-1.8
Indoor NLOS 4-6

C. The Path Loss.an indoor Enviroment

The indoor environment path loss model chosen for the
purpose of simulation is given in equation [10]

P (dB)=P, (d,)+10n log(di] (6)
0

Where 61'{J is arbitrary reference distance; » is a value

that depend on the surroundings and building types an
indoor following Table 1':-d is the separation distance
between the antenna.

-

Figure. 4. |S'“' Characteristic of mirostrip patch antenna.

D, The Receiver Signal Waveform

The transmitted signal passes through the RFID channel
including the transmitter and receiver antenna. However, the
total receiving signal for can be expressed as

Rgspie () =mm(1) fzf” sin(27f .t + 6, +n(1)) (7)
b

Where n(r) is additive white Gaussian noise.

For wircless system which grossly quantifies the
multi-path_channel are used. The mean excess delay, rms
delayspread, and excess delay spread are multi path channel
parameter that can be determined from a power delay profile
[11]is given by

Z;‘aﬁk Z () ¥
Zkak Z (%)
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Where 7 is mean excess delay, O, is rms delay spread
and £, is power delay profile Bit error rate (BER) are the

probability of error receiver signal can also be defined in
terms of probability of error [9], can be written as

BER:Q ’(Eb/];ro )-f;cr

Where ¢, correlation coefficient of radie between ‘receiver

(rn

correlation and transmitter correlation is, Jy-is wide region

of frequency, &,/is fate of transfer (bps) as following
[11] Can be represented as

fV,(r)Vr (t+7)de
6, = g (12)
(V@) (0 2y o W+ 2el
0 0
g LLEIERY, a3
O I e (3)
O is cumulative ‘distribution  function ' {(Gaussian

distribution), f£,. is the energy in one bit and N, is the

noise power spectral density, so Hy /Nu 1s a form of signal
to noise ratio [12].
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. MEASUREMENT SYSTEMS

A. Parameter of Measurement

The measurement parameters are listed in Table 2. It is
note that the calibration of VNA is done at the connectors of
the cables to be connected to the antennas. Therefore, all
impairment of the antenna characteristic are included in the
measurcment results.

B.  Antenna Under Test

In this experiment, microstrip antenna with has a
frequency at 2.45 GHz and size of patch 36:4 £ 36:4 mm.
and size of ground 100 £ 100 mm. is used in both of side as
antennas under test (AUT). The structure of the RFID
antennas and the reflection cocfficient S11 of the antenna
teed point are show in Fig 4.

Table2 Experiment Parameter Setup

Paramerter Value
Frequency range 2GHz to 3 GHz
Number of ficquency points 801

Tx antenna height 2.10m

Rx antenna height 1.20m
Distance between Tx agd Rx 0-3m
Power of Tx | W

Bit rate I 'Mbps
Aateana type Microstrip

C. Measurement Setup

By using_the veetor network analyzer (VNA), complex
teansfer function can be mcasured The transfer functions
were measured as S, in the frequedcy domain. The VNA
was operated in the response measurement mode, where
Port-Lwas used-as the transmitter port (Tx) and Port-2 was
used as the receiver post (Rx). The Txantennas were fixed

grea]_

-1500

Non linear

Phase [de
o A
208
3 B
=) =
T

5

<3500

4000 L L

16
heb . r \’ T T
~40 j
e ) :
I )
P L R LY
© ;
2 l
AN N
= a0 |
|
40 |
60 | i Il L
2 22 2.4 2.6 2.8 3
Froquency [GHz]

Figure. 5. Channel Transfer Function at 90 &+ Magnitude

Authorized icensed use limited fo: King Mongiuts Institule of Technology Ladkrabang. Downl on D

25

26

Frequency [GHz]
Figure. 6. Channel Transter Function at 90 & . Phase

67

28, 2009 at 06 47 fom IEEE ¥plore  Resindions apply




N

o o~
2 2 2

Power Loss [dB]

2 2
T T
L

20 i I 1 i 1
3

. Distance [m1 2
Figure. 7. Path Loss of RFID Propagation Chanrel.

e
=

RMS Delay Spread [ns]
» “ &
o w ) . “w o
T T T T T

s
T

ot
(e
o

) Distance [m]
Figure. 8. The Power Delay Profile of transmission system.

at the height-of 2.10 m and Rx anténnas were fixed at the
height 1.20 m"and moved distance between transmitter
antennas with recetver-antennas each 0.50-m-

IV.  RESULTS

This all a results, we evaluated experiment results by using
the vector network analyzer (VNA), the measired antenna
transfer function with the number of frequency paint of 801
are taken on the outdoor enyironment at the straight road a
building side of faculty enginecring (KMITL), The data
measured shows that radio propagation behavior of RFTD
communication in frequency range at 2:45 GHz Show the
magnitude and phase channel transfer function in Fig. Sand
6. The Observed a results of frequency response magnitude
of system had a linear in the range 2:45 GHz at the 0:50
meter being the microstrip antenna is linear polarization.
3Show the path loss and rms delay spread F 1g. 7'and 8. The
results of the model we can be conclusion the exceed
distance addition is happen as the loss Show bit error rate
(BER) in Fig. 9.

V.  CONCLUSION

In this paper, we evaluated of RFID using for expressway
or highway and these researches was the essential to
guideline-of performance. analysis system in the future, It
this study and analysis radio performance channel of RFID
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transmission signal. The result from transmission signal
knows different of distance in propagation loss and
characteristic channel of RFID system. The bit error rate
and signal to noise ratio, path loss and rms delay spread can
be analyzed the signal strength and radio propagation loss of
RFID transmission signal at different angle between the
reader antenna and the transponder or tag antenna for
frequency at 2:45 GHz 1s long range system. The
experimental results are show. The transmission chamnel is
necessary for analysis and we believe our study would give
a good guideline for the research in future work.
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Figure. 9. BER of RFID Transmission system.
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Abstract

In present, RFID (Radio Frequency Identification) is an automatic identify wireless data
collection technology becomes conveniences in‘detection with radjo frequency. Therefore,
mechanism of wave diffraction analyzed have very ssential for wireless systems. At 2.4 GHz
band was propagating by, transmitter(Reader) towards receiver(Tag) in passive communica-
tion link. Se, this-paper we.measured modeling and consideréd level obstruction of these
characteristic wave diffraéting which based on Friis” transmission formula. Furthermore,
magnitude-and phase antenna transfer function, diffraction loss, corralation coefficient and
power delay, respectively are evaluate.

1’ Introduction

The ‘com munication of REFID, svstem between the reader and the transponder ot tag is divided
into 2 methods that are induetive coupling and electromagnetic propagation coupling. In case
of low frequency and high frequency ‘are short range systems or long wavelength based on
indactive coupling lor magnetic coupling which was & near Geld betweéen thd reader and the
transponder or tag also at-ultrahigh frequency into. microwave RFID system are long-range
system or short wavelength base on backscaster coupling or electromagnetic coupling which was
a far field between the reader and the antennas.

[n'this paper, we begin investigated charactetistic receive signal when has-the obstacle of
REIDssystems which modeling was. tracking of product in logistic industrial.. In our experi-
ment we-interested wave diffracting of level obstriietion between transmitter(Reader) and re-
caiver(Tag), which we analyzed as'follow in knife-edge diffraction model based on Friis’ trans-
missien formula and-extended waveform as transfer functiod. As the microstrip patch antenna
was using both to transmitter and receiver antenna because easily to calibration and applies to
actually.

2 RFID Propagation analysis

2.1 Friis’ Equation and /Antenna Gains

[t can be shown that the power received by RFID tag is determined by the version ot Friis’
equation that is listed below that takes into account the relative positions of the tag and the
reader’s antennas:

CGrioper)Cr(OR, $R)A®

- (1= [Cr*)(1 = [T&®)pt - ok (1)

Pq = Pr

where Pr and Py are the power from the transmitting (reader) and the power from the re-
ceiving (tag) antenna. G and Gg represent, respectively, the antenna gains of the transmitting
and receiving antennas, r is the distance separating the two antennas, and A is the wavelength,
(91, 1) and (9g, ¢ér) are the spherical coordinates to define transmitter antenna and receiver,
pr and pk is the transmitter and receiver polarization vector, ['r and ['gr is the transmitter and
receiver reflection coefficient. (1]
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Figure 1: Isotropic model of RFID transmission.

2.2 RFEID Knife-edge-Difraction model

This can be explained by Haygen’s principle, consider a transinitter and receiver with an ob-
structing screen in between shown in Fig. | 1.-Let A, Ay-is.TX and Rx height respectively, an
obstructing screen of effective height A with infinite width is placed between them at a distance
di from the Tx and dy from Rx.” The difference between the direct path and diffracted path
called exceed-path length (£\);can be calculated from:the geometry [2]

At/ [+ B2 Bt ks (g ) (2)

The Equation (5) is normalized using a Fresnel diffraction parameter

2
a2 da)

Adqcy b

Then the diffraction’loss is given by
~20log | Fi(v)| (4)

2.3 Correlation Coefficient and Power Delay

The correlation coefficient is ratio between receive correlation and transmit correlation can be

written show as L
S VL ) (df &
NS VS, )IRdf 5 He(frd) Pdf
where Vi(f, d) and Vi(f, d) is receive signal and transmit signal, respectively. H.(f,d) is the
transfer funetion in systems. (3]
The mean excess delay and root mean square or RMS delay ‘spread are multi path channel
parameter that can berepresented form power delay profile given by

=_ Z\kai‘rk = Ek P(Tk)T"': (6)
Lk ai Tk Py
2.2 2
7 Zeakmi _ Ep Pyt -

>k ﬂ% >k P('r;cj

ar =/ (72 (®)

where, T is mean excess delay, o, is RMS delay spread, P, is power signal and a; is amplitude
of signal. [4]
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Table-1:~Experimentel $etup paraniéters.

Parameter Value
Frequency range 2 GHz to'3 GH=z
Number of frequency points 801

Dynamic pewer range 80 dB

Antenna type Microstrip patch antenna
Polarization Vertical

3 Measurement setup

By using the vectar network analyzer (VNA), complex transfer function can be measured. The
transfer functions were measured as Saqin the frequency domain. The model for measurement
as show illustrated in Fig. 2, and chosen the microstrip patch antenna for experiment the both
‘I'x and Rx antennas. The important parameters for the experiments are listed-in Table 1.

3.1 The Antenna Under Test

The microstrip patch antenna with hasa frequency at 2.4 GHz and size of patch 36.4 x 36.4 mm
and size of ground 100 x 100 mn is used the both of antenna under test and the characteristic
of microstrip patch antenna has besn reflection coefficient lower —20 dB in directional pattern
beamwidth.

4 Results

We proposed waveform analyze as following knife-edge diffraction model was interesting the
antenna transfer function canbe shown as Fig.3 which-thie magnitude about —5 dB, as channel
transfer function has very attenuation —50 dB. Fugthermore, we shown diffraction loss and
correlation coefficient of signal in Fig. 3 also, which the indoor environment have affecting to
measurement and correlation coefficient can describe to distortion between transmitter (reader)
and receiver (tag) signal, and power delay of receive signal can be expressed as Fig.4. If consider
as simulating knife-edge diffraction loss increase form level obstruction conversely, the result
when obstacle higher than transmitter (reader) and receiver (tag) the wave diffracting may be
insert between direct path and diffraction path possibly.
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5 Conclusion

This paper; a-major propagation mechanism-these diffraction the basis effect of attenuation and
phase velocity which were introduced extremely, ‘and provide a basis for practical prediction of
RFID wireless communication system perfermance. Furthermore; this paper can be addition
analysis in the investigate signal-path by using direetion of arrwal(DOA ) 'methodology which
we will propesed in next paper.

References

[1] S. Ahson and M. Ilyas, REED. Hondbook: Application, Technology, Security, and Privacy,
CRC, 2008.

(2] P. Muthu Chidambara Nathan, Wireless Communications, Tiruchirappalli, Tamil Nadu

(3] S. Duangsuwan, S. Promwong and N. Sukutamatanti, Measurement and Evaluation of RFID
Propagation Channel with in an Indoor Enwironment, ICACTE, pp. 393-395, 2008

[4] S. Duangsuwan, S. Promwong and P. Chentanomwong, Measurement and Evaluation of
RFID Transmission Characteristic for Long Range Systems, [CFN, pp. 65-68, 2009

- ags -



NG 0. et JZA ;

i e L Y = ol it - "

2009 |55 lallaysla Insernational
GOFifarEne el CerrpmMSaiicns
spritha Sicadglal \‘A@rk:iwp @if Digital Ty Cantanis
15.--17 December 2009 . Seri Pacific Hotel, Kuala Lumpur

Editors :
fj Mahamod Ismail, Borhanuddin Mohd Ali & Hafizal Mohamad

http://micc.org.my

Jointly Organized by:




Proceedings of the 2009 [EEE 9th Malaysia International Conference on Communications
15-17 December 2009,Kuala Lumpur, Malaysia

Experimental Study for Polarimetric Measurement of RFID Transfer
function with in an Indoor Environment

S. Duangsuwan !, T. Leukachorn ?, S. Chinsawatpan *and S. Promwong *

Information Engineering. King Mongxu!'s Institute of Technology Ladkrabang
Chalongkrung Road, Ladkrabang, Bangkok 10520, Thailand.
'kdsarun@kmitl.ac.th
*klthongc@kmitl.ac.th
*%2611334@kmirl. ac.th
‘kpsacthap@kmicl.ac.ch

Abstract— Radio Frequency Identification (RFID), is uali-
censed industrial, scientific, and medical (ISM) band.at 2.4 GHz
The same principle as that used in long-range radio comau-
nication links. The reader’s antenna generates a propagating
radio wave use far-field communication, which is received by the
antenna in the tag. This paper, the microstrip patch antennas
used both for transmitter antenna and receiver antenna likewise
the reader antenna and tag antenna, simple patch antenna of
this type radiates a lineacly polarized wave. We investigated. the
transmission loss the RFID short range systems. Furthermore,
we believed our studies can be designed the antennas for RFID
systems.

Keywords- polacimetric measurement, RFID transmission
loss, Friis’ transmission formula, channel transfer func-
tion.

1. \INTRODUGTION

In general terms, RFID represents a way. of identifying
objects or people using radio waves. [dentification is possible
by means of unique numbers that identify objects, people, and
information, stored on-microchips, whichean be read automat-
ically, unlike barcodes.that need to be seanned manually, With
the recent advancements in RFID technology, the automatic
identification data capmire industry ‘is-accelerating its-efforts
to identify new applications to take advantage of RFID. RFID
is fundamentally based on wircless communication, making
use of radio waves, which form part of the electromagnetic
spectrum, and it is not unlike two other wireless technologies,
WiFi and Bluetooth. The three technologies are all designed
for very different uses and therefore have different functional-
ities, but there is shared ground betwgen the three, with. some
hybrids starting to appear. RFID systems can utilize both WiFi
and Bluetooth and need not see them as'eompetitors [1].

All RFID systems are comprised of three main.components

1) RFID tag, or transponder, which is located on the object
to be identified and is the data carrier in the RFID
system.

2) RFID reader, or transceiver, which may be able to both
read data from and write data to a transponder.

3) Data processing subsystem, which utilizes the data ob-
tained from the transceiver in some useful manner [2].

978-1-4244-53532-4/09/826.00 :©2009 [EEE

For.our antennas size is comparable to wavelength (used in
UHF, microwave-RFID) , the approximate boundary between
the farfield and the fiear filed region in commonly given as r >
%' where D is the maximum antenna dimension and A is the
wavelength by [y = Dw=51 mm. The largest dimension of the
antenna considering the field regionsare D = D, + D,= 102
mim. For electrically. small/antennas (used in LF/HF RFID), the
radiating near filed region is small and.the boundary between
the. far filed and the near filed region is commonly given as
1<

In this paper, the experimental evaluation of the polarimetric
transmission loss in RFID based on Friis’ transmission formula
also extended waveform in tansfer function ‘of free space.
We care about.at King Mongkuot’s Institute of Technology
Ladkrabang (KMITL) Thailand, by using- microstrip patch
antenna are evaluated.

II. THEORETICAL ANALYSIS OF RFID TRANSMISSION.

Regardless of whether REID deployment s, at the pallet
level or atithe item level, RF has limited radio’range. This is
especially ‘true for passive RFID tags, where such distance
may range from a few centimeters for near-field inductive
coupling t0 several meters for backscatter. It is also worth
noting that the desired read tange is case dependent and it is
not necessarily always desirable forit to be as large as possible
because in some cases, longerread range can be detrimental
dueto detecting unintended or-irrelevant tags. It is important
to realize that read ranges are based on a path loss model
that considers that'the power received by an RFID tag is only
related to the path that the signal traverses [3] .

GrGrA\?

o= By

(1)

where Pr is the power from the transmitting (reader)
antenna while Py is the power received by the receiving
(tag) antenna. G and G represent, respectively, the antenna
gains of the transmitting and receiving antennas, d is the
distance separating the two antennas, and X is the wavelength,

[Se]
(8]
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Fig. 1. Block diagram of free space ransmission modzl for RFID
system.

2 . ; .
fﬁ) = (g is gains of free space and can written form [4]

B = Grlor, 61)Ga(0n, w01 - [BP=1T -
e
where (ft,¢t) and (fg, ¢g) are the spherical coordinates
to define transmitter and teceiver antenna-ecientdtion, g
and g is the transmitter and receiver-reflection coefficient,
respectively, then, pp and gr is_the transmitter and receiver
polarization vector, respectively. Thus, [pr - pr|? iscalled the
polarization loss factor (PLF) and.reflects the loss due to the
mismatch of the polarizations of a transmitter antenna and a
receiver antenna such as (Tx-vertical, Rx-horizontal) or(Txs
horizontal, Re-vertical).[5].[6]

The Friis transmission formula is first expressed in terms
of power. Then it is exteénded in terms of the frequency
domain to consider the transfer function, H;- and assuming
the polarization of-transmutter and recgiver antennas match
perfectly [7],[8]. We obtain

He(f,d} = He(/ @) Hr(f, Q0) H (F, ) (3)

Free space channeltransfer function Hc(f,d) including the
antennas is obtained by using the extension of Friis” transmis-
sion formula, where Hg(f,d) s the transfer function of free
space, Ht(f, Qr) and Hg(f, &) are the transfer functions of
the transmitting (Tx)and the receiving (Rx) antennas, which
are implicit functions of directions, and.d- is the transmitter-
receiver (TR) separation distance. The transfer function of free
space can be written as

Hy(fyd) ~iindg )

S D\ o
= iwar O

Example, where Hy(f,£2,)(a = rort).is a complex transfer
function vector of the antenna relative'to the isotropic-antenna
towards the Q, = (64, ¢a) (9]

Hn(fsna) =Hu(f|€m¢a) (5)

and which has the relation as

A e A AL VRN P )
i o So

where 1, is the antenna efficiency, [10] so that the value is
normalized by that for isotropic antenna. Unit vectors 8,, @,
express the polarization and are with respect to the local polar
coordinates of the antennas. The following relations can be
easily derived as

g = by m

TABLE [
PATH LOSS EXPONENT.

Propagation Environment | Valte(n})
Free space
Urban area 2.7-
Shadow urban area
[n-building line-of -sight
Obstructed in building
Obstruction in factory

("3

pebely
[ TR
oo

dr = —br ®)
For the identical Tx and Rx antennas satisfying and the

complex transfer functionsiof Tx and Rx antennas can be
written as [11],[12]

[ jeHclf)
Hr=r| Ty ©

fHe(f)
JcHe(fd)

with the relation between complex transfer functions of Tx
and Rx antenna satisfying reciprocity theorem as

B ()= Lt () (1)

The RFID transmission signal, we consider.cosine carrier
signal in microwave band and modulating by amplitude shift
keying (ASK); simulating as [13],[14]

5(t) =A(t) coslwot + #(2)] (12)

where A(t) is amplitude, & is center of frequency and ¢(t)
is phase of carrier [L5].

The paper, investigated transmission loss with in an indoor
environment, tor this reason, transmission loss that occurs in
physical building and take of refraction, absorption, diffrac-
tion, scatteririg or other attenuation effect introduged by the
presence of object indoor environment [16],[17]. The path loss
for the purpose based on Friis’ transmission formula can be
written as

B (dB) < 20log (4’:\5*’) +10nlog (di{,) (13)

S

He(f) = (10)

where n is a value constants depend on propagated envi-
ronment shown in table"]l [18], dg.is reference distance = 1.63
meters, in far filed'boundary [19].

[[I.“"EXPERIMENTATION
A. Measurement Setup

The RFID channel transfer function [20] was measured as
S5 in frequency domain by using a vector network analyzer
(VNA) in an indoor environment. The VNA was operated in
the response measurement mode, where Port-1 was the Tx
port and Port-2 was the Rx port, respectively. Both Tx and
Rx antennas were fixed at the height of 1.5 m and separated
by 3 m at line-of-sight We used a patch antenna as the
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Fig. 3. Reflection coefficient of microstrp patch anterna:

Tx antenna, the .model similar-actually fransport in logistic
industry shown in Fig. 2. We have chosen this antenina for ease
of the fabrication;-as well as_its low cost.and directive beam
width property. The geometry of the antenna is shown in Fig.
3 and shown theiarranged between transmitter and receiver
antenna in Fig. 4.:The experimental parameters are listed in
Table 2. It is noted that the calibration of VNA is done at
the connectors of the cables to"be connected to the antennas.
Therefore, all the impairments of the antennacharacteristics
are included in the measturement results.

B. The antenna under test.

Patch antennas are based upon printed eircuit technology
to create flat radiating structure on'top of dielectric, ground
plane backed substrates. The appeal of such structures is in

TABLEL
EXPERIMENTAL SETUP PARAMETERS.

Parameter Value
Frequency range 2 GHz 10 3 GHz
Number of frequency points 301
Dynamic range 80 dB
Tx-Rx anwenna height 15m
Distance between Tx and Rx 3m
Angle of Rx antenna 40° 1o 140°
Rx enhance step 10°
Antenna polagze linear

TrUaeioa and Fx-Varicel

|

T-vertiasl and Sx-Horzantai

:

Tx-Hanizontal and Ax-Honzontal

@

Te-Honzomal and Ax-Vermcal

/

Fig- 4. Polarimetric measurement model.
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Fig. 5. | Tbe incident represeated as.loss of RFID experiment.

allowing compact antenna with, low manufacturing cost and
high reliability [21}.

The microstrip patch antenna has a ‘frequency at 2.4 GHz
and size of patch width 36.4 and length 36.4 millimeters, and
size of ground width and length 100 millimeters as the same,
is used the both for antenna under test and the characteristic
of microstrip patch antenna has the reflection coefficient lower
—10 dB and directionally patterns beam width. A simple patch
antenna of this type radiates a linearly polarized wave.

IV."EXPERIMENT RESULTS

In this section, the transmission losses of the patch antenna
polarization between TR-separated can shown as in Fig. 3,
which were compared in each arrangement, the certainly
result, the polarizes as the same has to power loss lower
than polarizes be difference. From free space channel transfer
function, irrespective of magnitude and phase, we consider
be prominent at 40°, 90° and 140° respectively, which (Tx-
vertical, Rx-vertical) case both magnitude and phase shown

5
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in Fig. 6 and 8. In (Tx-verfical, Rx-honzontal) case shown in
Fig. 7 and 9. [n (Tx-horizontaloRx-horizontal) case shown in
Fig. 10 and 12. In (Tx-horizontal, Rx-vertical) case shown in
Fig. 11 and 13 respectively.

V.<CoNELUSION

This paper has presented how to investigate the transmission
loss of the RFID antenna performance with cross pelarization
between TR-separate, which includes based on the Friis’ trans-
mission formula for narrow band systems, the polarimetric
antennas, we summaries intermediated the differ polarize has
transmission loss higher than the same polarize. However, may
be oceurs actual operates, which the reader antenna or the
lag antenna has annanged thuse behaviors; which cause low
performance systems. On the other hand, if taken the palch
antenna implement also has to considered to polarization,
irrespective of linear, circular or elliptical. This paper can be
guideline and useful for RFID channel modeling.
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