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Abstract 
 
In a chipless RFID system, the signal available at the 
receiver contains not only the information encoded in the 
tag, but also several undesired contributions. Here, the 
performance of the chipless RFID system are evaluated in 
terms of Bit Error Rate (BER). A physical/statistical 
approach is used to quantify the useful and the undesired 
signal contributions collected by the receiver.  
 
1 Introduction 

 
Chipless RFID technology can be defined as radio 
frequency barcodes since tags consist of passive labels 
interrogated with radio waves. [1], [2]. The absence of 
electronic circuits makes it a good candidate for particular 
applicative scenarios where conventional tracking 
technologies are not applicable. Chipless RFID tags can be 
used also as a sensing platform since these tags can used in 
presence of other materials sensitive to environmental or 
mechanical parameters [3]–[6].   
In order to improve the detectability of the tag and also 
improving the immunity to multipath several detection 
approaches have been investigated. In particular, dual 
polarization interrogation [7], cross-polarization 
exploitation [8], [9] or signal processing techniques have 
been investigated [10]. Circular polarization has been also 
proved to improve the immunity of the tag response with 
respect to disturbs [11], [12].  
However, even if several works have been dedicated to the 
improvement of the detection of chipless tags, a system 
level evaluation of the performance of these systems is not 
generally carried out. Usually, the considered Figure of 
Merits (FoMs) take into account the size of the tag (bit/cm2) 
and the frequency compression of the peaks, but the system 
level performance is always neglected. However, in a 
communication system the most relevant parameter to 
evaluate the reliability of the system is the capability of 
guarantee a correct detection, that is, the Bit Error Rate 
(BER). We show that the Radar Cross Section (RCS) of the 
tag is the most important parameter to guaranteeing an 
acceptable level of useful signal at the receiver and thus 
allowing the correct decoding of the information embedded 
within the chipless tag. It is also shown that the RCS of the 
tag is proportional to its size and therefore efforts towards 
the miniaturization of tags may reduce the reliability of the 
backscattering communication.  
 
 
 

2 Signal noise model 
 
A chipless RFID can be seen as a radar communication 
system. An important parameter to evaluate its 
performance is the Probability of Error in terms of Bit Error 
Rate (BER) [13]. The BER can be evaluated by modelling 
the received signal as the sum of the reflected transmitted 
signal and detrimental contributions represented by the 
antenna coupling, the clutter and the receiver noise. The 
contributions which determine the shape and the level of 
the received signal in a chipless system are summarized in 
Fig. 1. The useful contribution, which contains the 
information provided by the tag, is often weak and can be 
overwhelmed by the undesired received signals leading to 
the impossibility of detecting the bit sequence or the 
information encoded in the tag. 
The possibility of detecting the tag in a chipless RFID 
system depends on the received power associated with the 
signal backscattered from the tag ( signal

RP ) and the 

undesired collected contributions at the receiver ( Pdisturb
R ). 

In order to obtain a high detection probability is therefore 
necessary to maximize the Signal to Noise Ratio (SNR) at 
the receiver: 
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The detection of the tag can be correctly performed only if 
the received power is sufficiently higher with respect to the 
undesired contributions. Once that the signal and the noise 
contributions are modelled, the Bit Error Rate (BER) of the 
system can be calculated by using Montecarlo simulations. 
The latter can be then improved by using some efficient 
coding approaches [14]. It is useful to analyze the two 
contributions separately in typical operative scenarios. 
 

 
Fig. 1. Schematic representation of the chipless RFID 

communication system with the main signal contributions 
collected at the receiver. 

 
 
 



2.1 Signal model 
  
The useful power scattered by the tag can be evaluated, in 
a first approximation, by using the Friis equation: 
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where tag represents the Radar Cross Section (RCS) of the 
tag. In the case of a depolarizing tag with linear 
polarization the RCS can be approximated as: 

2
tag plate       ,                   (3) 

where  is the normalized reflection coefficient (copolar or 
cross-polar) of the tag [15], [16] and plate is the RCS of a 
metallic plate of sides Lx and Ly, which can be evaluated by 
using the physical optics approach. Assuming a TMy plane 
wave impinging on a plate on the xz plane with i= , the 
expression of the radar cross section on the plane of 
incidence can be computed as follow: 
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where  is the wavelength of the plane wave, i and s are 
the impinging and scattered angles. The RCs is maximized 
in the bistatic direction when i = s and i=0. the The 
selective surface allows to introduce a resonant peak in the 
reflection coefficient resonance frequency so that the RCS 
can be modulated in amplitude. 
 

 
Fig. 2 – Scattering from a metallic rectangular plate. 
 

 
2.2 Disturb model  
 
Several undesired contributions are typically collected by 
the reader as shown in Fig. 1. In summary, the total 
undesired signal can be seen as the sum of three 
contributions:  

_
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      (5) 

Where rPnoise  represents the thermal noise, _
rPant coupl

represents the antenna coupling and rPclutter represents the 
contribution of the environment. The first two 
contributions are due to non-idealities of reader. The 
thermal noise at the receiver and the antennas employed to 
transmit and receive.  
The thermal noise, at the receive represents the weakest 
contribution. Considering a receiver noise temperature of 
300 K and an instantaneous bandwidth on 1 GHz, the level 
of thermal noise is around -84 dBm.  
Another non-ideality in the system, is the signal which is 
directly transferred from the transmitting antenna to the 
receiving one. Indeed, in a compact reader transmitting and 
receiving antennas are closely located and a certain level of 
mutual coupling is present. The level of coupling mainly 
depend on the specific design of the antenna but a typical 
level around -30 dB can be considered. The coupling level 
should be minimized in the design of the reader antenna 
since the lowering of this parameter directly impact in the 
performance of the system. However, it has to be pointed 
out that, differently from mismatch contributions, the 
mutual coupling could be eventually filtered out in time 
domain by using the time gating technique [10]. 
The last contribution is often the most relevant one and 
strongly depends on the specific operating scenario. In the 
ideal case of anechoic chamber, the clutter contribution can 
be neglected. However, in realistic scenarios clutter is often 
the main undesired contribution. In an indoor environment, 
the undesired reflections can come from multiple objects 
located close to the tag (multipath) and thus the clutter can 
be modelled as a Gaussian random distribution. On the 
contrary, when the tag is located on a metallic platform, the 
clutter contribution is dominated by the signal reflected by 
the platform whose RCS is much larger than tag one. 
Assuming a standard indoor scenario [17], the clutter can 
be modelled as a complex normal random process with 
mean and standard deviation . A typical value of the 
clutter amplitude in a complex indoor environment 
is =52.6 dB for the amplitude and  =2.3 dB for the 
standard deviation [18].  
 
3 Numerical results  
 
According to the model described in the previous sections, 
we can evaluate the performance of a chipless RFID system 
where the tag is composed by an array of dipoles of 
different dimensions [19], [20]. The 9 dipoles are arranged 
in a regular 3x3 lattice. The impinging electric field is 
oriented at 45° with respect to the dipoles direction so as to 
obtain a perfect polarization conversion in correspondence 
of the dipole resonances. The dipoles are indeed an 
anisotropic resonator [21], [22] which is able to rotate the 
reflected field. The size of each unit cell D is equal to 
3.5 cm. An alternative configuration, which allows for the 
enhancement of the RCS level of the tag, consists in 
replicating some compact multi-frequency resonators in 
the same lattice to form a periodic surface. The two layouts 
are shown in Fig. 3. This replication does not increase the 



information contained in the tag, but it greatly improves the 
RCS of the tag and thus the detection probability [20]. The 
tag size is 10.5 cm × 10.5 cm in both cases. The BER of the 
system with periodic and non-periodic tag is shown in Fig. 
4. As is evident, the periodic configuration guarantees 
much better BER performance than the non-periodic one 
because of the higher RCS level. 
 

  
(a) (b) 

Fig. 3 – Layout of the (a) aperiodic, (b) periodic disposition 
of the nine dipoles. 
 

 
Fig. 4 - BER as a function of the clutter level in the case of 
a dipoles-based chipless tag arranged in a periodic and non-
periodic configuration. PT=1 W, reading distance of 50 cm. 
 
4 Conclusion 
 
The performance of chipless RFID systems has been 
evaluated in terms of BER. A simple signal to disturb 
model is used to compute the BER as a function of the level 
of disturbing signal. It is demonstrated that a periodic 
configuration can guarantee a much better reliability than a 
non-periodic one because of the higher RCS value of the 
tag. 
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