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Abstract— A simple and convenient approach for the
calibration of cross polarized radar cross section (RCS) is
presented. We have shown that a planar depolarizing chipless
radio frequency identification (RFID) tag can be utilized as a
reference calibration target for the calibration, especially for the
characterization of its counterpart depolarizing chipless RFID
tags. To prove the concept, one chipless RFID tag is used

as a reference calibration tag and another one as a test tag.

The designs of chipless RFID tags are based on RF encoding
particle (REP) and taken from the literature. The experimental
performance of the proposed method is compared with the ideal
simulated RCS. The worst calibration error over a frequency
range from 4 to 7 GHz is less than 3.11 dB, whereas the worst
calibration error over a frequency range from 4 to 6 GHz is less
than 2.51 dB.

Keywords — chipless RFID, depolarizing scatterer, radar
calibration, radar cross section, RCS magnitude coding.

I. INTRODUCTION

Recent advances have made it possible to consider the
chipless radio frequency (RF) identification (RFID) as a
significant counterpart to the well-known barcode [1]. For
the frequency-coded chipless RFID tags, the identification (ID)
is encoded in various features of the backscattered fingerprint.
For example, the frequency position (FP) encoding (based on
the peak apexes or the dips) is combined with: phase [2],
group delay [3], [4], angle [5], bandwidth [6], polarization [7],
dual-band and polarization [8], co polarized radar cross section
(RCS) magnitude [9], and cross polarized RCS magnitude
[10]. The co polarized RCS calibration for a chipless RFID
tag can be done using one nondepolarizing reference object
(e.g., rectangular metallic plate, metallic disk and metallic
sphere) as discussed in [2], [9], [11]. On the other hand,
precise calibration of cross polarized RCS is also needed to
characterize and compare chipless RFID tag performance. It
is the only way to obtain the tag intrinsic value characterizing
the level of the backscattered power that is not dependent on
the measurement bench (for instance the reader to tag distance)
and so that can be used to compare different tags. Note that
RCS is a physical quantity that is used to compute significant
tag performance such as the reading distance. To the best of the
authors’ knowledge, none of the existing works has discussed
cross polarized RCS calibration for chipless RFID in particular.
One way is to perform full polarimetric radar calibration [12],
[13] of chipless RFID system. These methods are proven and
provide precise estimation of RCS. However, these methods
are complex to implement and also require multiple reference

objects which may explain why they are not used in practice.
These reference objects include nondepolarizing objects and
depolarizing objects. The common depolarizing objects are
corner reflectors (dihedral and trihedral), wire mesh, and
cylinder [11]. These objects are bulky and 3D.

In this paper, a simple RCS calibration approach for
depolarizing chipless RFID tags is presented. Here, the idea is to
exploit the resonant signal with a limited number of frequencies
for the wideband calibration. For this purpose, an extrapolation
is carried out outside the resonance frequencies, which makes
it possible with this new technique to carry out a wideband
calibration. We have shown that a planar depolarizing chipless
RFID tag can be utilized as a reference calibration scatterer for
the calibration of its counterpart depolarizing chipless RFID
tags. To prove the concept, one chipless RFID tags is used
as a reference calibration target and another one as a test tag.
This reference object is planar, low cost, and realized using a
printed circuit board (PCB) in comparison to the conventional
(possibly more accurate) 3D corner reflectors (dihedral and
trihedral). Furthermore, the proposed calibration object is very
promising for the chipless RFID industry, as the proposed
calibration object (i.e., also a chipless RFID tag) is easy to
use and readily available as compared to the other calibration
objects. In the literature, such calibration of depolarizing objects
is commonly done using a broadband target (not a resonant
scatterer). Also, the proposed cross polarized RCS calibration
is novel in comparison to the co polarized RCS calibration
presented in [2], because it is for depolarizing chipless RFID
tags. The experimental performance of the proposed RCS
calibration object is compared with the simulated ideal RCS.

II. DESIGNS OF REFERENCE CALIBRATION AND TEST CHIPLESS
RFID TAGS, AND THEIR SIMULATIONS

The purpose of this paper is to introduce a possible novel
use of the chipless RFID tag as a reference calibration object
(but not to introduce novel designs of tags). Therefore, the
designs of the reference calibration and the test chipless RFID
tags are taken from the literature [14]. The photographs of
the reference calibration and the test chipless RFID tags are
presented in Fig. 1. The reference calibration tag [Fig. 1(a)] is
based on 45° shorted dipoles, whereas the test tag [Fig. 1(b)]
is based on dual-L resonators. These tags were realized using
PCB technology on a Rogers RO4003C substrate with substrate
height & = 0.81 mm and dielectric permittivity &, = 3.55 [14].
The geometrical dimensions of both the reference calibration
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Fig. 1. Photographs of chipless RFID tags. (a) Reference calibration tag based
on 45° shorted dipoles. (b) Test tag based on dual-L resonators.

Table 1. Geometrical dimensions (in mm) of chipless RFID tags.

Para- Scatterers

meters®| 1 2 3 4 5 6 7 8
Reference L,; 248 | 218 19 [ 168 | 15 | 134|122 | 11.2
Lyi 109 | 10 9 8.1 | 7.3 | 6.75
Test Wri 199 | 1.83 | 1.64 | 147 | 1.33 | 1.23
8ti 0.5 [ 045|041 037 ]0.33]0.31
2 L, the length of each scatterer of the reference calibration tag; L;;, the
length of each L-shaped resonator of the test tag; wy;, the width of the

microstrip trace of each resonator of the test tag; g;;, the space between
dual-L coupled resonators of the test tag.

Tags

and the test tags are provided in Table 1 to facilitate the
reproduction for the reader. Additionally, for the reference
calibration tag, the microstrip trace width is w, =2 mm and
the space between multiple coupled dipoles is g, = 0.5 mm.
The overall size dimensions of the reference calibration tag and
the test tag are 90.5 x 55.9 mm? and 85 x 33 mm?, respectively.

The ideal RCS signals of the chipless RFID tags are
estimated using the computer simulations with a commercial
full-wave simulator (CST Microwave Studio). Fig. 2 shows
the CST estimated cross polarized RCS signal of reference
calibration tag 0'ref Such o'ref signal might not be directly
utilized in the cahbratron procedure because of the resonant
behaviour of the reference calibration tag. Merely the peak
apexes present the acceptable level of signal to noise ratio
(SNR). Otherwise of these peak apexes, the backscattered SNR
is too low. For this reason, the peak apexes of o ref are detected
and a spline fit signal o321 is calculated. This a'ﬁf'ﬁ‘ will be
used in the broadband calibration procedure next in this paper.

III. CALIBRATION PROCEDURE, RESULTS AND COMPARISON

The experimental measurements are performed using a
single antenna-based monostatic radar configuration inside the
anechoic environment as shown in Fig. 3. For this purpose,
vertical (V) and horizontal (H) polarized ports of the Satimo
QH2000 dual polarization horn antenna (2-32 GHz) are
connected to port 1 and port 2 of Agilent N5222A vector
network analyzer (VNA), respectively, with an output power
of =5 dBm. The frequency sweep ranging from 2 to 8 GHz
with 10001 points is used. The isolation between ports of the
antenna is greater than 30 dB. The distance between the tag
and the antenna is d = [10,30] cm. The measured quantity is
the transmission coefficient S>;. With d = 10 cm, the radar
system is operating in the reactive nearfield and Fresnel zone
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Fig. 2. Simulated cross polarized RCS signal of the reference calibration tag
along with its fit signal o-ref fit Inset: corresponding photograph of the
reference calibrations tag.

ref

Fig. 3. Photograph of measurement setup inside an anechoic chamber.

for 2 GHz and 8 GHz, respectively. On the other hand, with
d =30 cm, the radar system is operating Fresnel zone over the
whole frequency sweep (2 to 8 GHz). It is important to note
that all measured signals are background normalized (i.e., the
clutter is removed). Fig. 4 presents the measured S; signals
of the reference calibration tag for d = 10 cm Sref(lo ™ along
with its fit signal Sref fit0em) 1Rio 4(a)] and for d =30 cm
S;ﬂm ™ along W1th its fit signal Sref fitG0em) IRig 4(b)]. The
fit signals will be used in the cahbratlon process. Fig. 5 presents
the measured S; signals of the test tag measured at d = 10 cm
52210 and d = 30 em SEP°™. It should be noted from
Figs. 4 and 5 that the reference calibration tag and the test tag
do not present the same values of the frequencies of resonances.

The calibrated RCS of the test tag o, is calculated using

a simple and well-known formula [2]:

Stag 2
tag _ 21 . ref-fit
o1 T | gretnc | T921 (1
21

It is important to mention here again that all measured
signals are background normalized. For the calibration of
the signals measured at d = 10 cm, S;‘llg = Stzalg(locm) and
Srerfit = S;elf'ﬁt(lo ™ in (1). Whereas, for the calibration of
the signals measured at d = 30 cm, Stzalg = rS‘tzaf(30 ‘™ and
St = SrefAitG0em) 5y (1). Fig. 6 shows the calibrated cross

21
polarized RCS signal of the test tag a';alg measured at d = 10 cm
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Fig. 4. Measured S| signals of the reference calibration tag along with
their fit signals using the peak apexes. (a) Sre 10 cm) along with its fit
ref-fit(30 cm) Inset:

signal Sref fi10em) - ) Sref(30 ™ along with its ﬁt signal S3]

correspondlng photograph of the reference calibration tag.
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Fig. 5. Measured S»; signals of the test tag measured at d = 10 cm Stdg(locm)

and at d =30 cm Slag(30 ™ nset: corresponding photograph of the test tag.

tag(lO cm) tag(30 cm) .

and at d = 30 cm o,
CST estimated cross polarized RCS signal o,

observed that both o-tag(10 ™ and o';g(m em’ present a good

match with the CST estlmated cross polarized RCS of the test
tag CST
tag o

in comparison with the

tag-CST
S It can be

The peak-to-peak calibration error is calculated as Ao tag

U';g ST _ ¢ for the experlmental
measurements performed at d = 10 cm Ao lag(lo ™ and at
d =30 cm Ao-tag@o ™ It can be observed that within the
frequency range from 4 to 6 GHz, Aa’tag(lo ™ < 1.59 dB
and Aa’tag(30 om) 2.51 dB. On the other hand, for the
frequency range from 4 to 7 GHz, Ao-tag(locm) < 2.65 dB
and Acy¥°“™ <311 dB.

The employed reference calibration chipless RFID tag
(i.e., based on 45° shorted dipoles) was not designed for
the calibration purpose. The obtained peak-to-peak calibration
errors might be reduced by designing a reference chipless RFID
tag specifically for the calibration purpose.

tag Fig. 7 presents Ao

RCS (dBsm)

&
S

'
g
W

N
S

Frequency (GHz)
Fig. 6. Calibrated cross polarized RCS signal of test tag S;alg measured at
d=10 cm O'tag(lo ™ and at d = 30 cm o220
21

CST estrmated cross polarized RCS signal o,

in comparison with the
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Fig. 7. Peak-to-peak calibration error Aa';g(lo ™ and AO';gGO ™ Inset:

corresponding photograph of the test tag.

IV. ConNcLusION

In this paper, a possible novel use of a depolarizing
chipless RFID tag to be utilized for the calibration of its
counterpart depolarizing chipless RFID tags was introduced.
The concept was proved by considering one chipless RFID tag
as a reference calibration tag and another as a test tag. Firstly,
the proposed approach is general and not limited to chipless
tag characterization only. Secondly, more accurate models or
approaches compared to (1) (available in the literature) can be
used to improve the accuracy of the use of chipless tag as a
depolarizing target. The employed calibration reference object
is a planar and low cost PCB circuit in comparison to 3D
corner reflectors. Furthermore, the proposed calibration object
is very promising for chipless RFID industry, as the employed
chipless RFID tag as a reference calibration object is easy to
use and readily available as compared to the other calibration
objects. The performance of the proposed method is compared
with the CST simulated ideal RCS. The worst calibration error
over a frequency range from 4 to 7 GHz is less than 3.11 dB.
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