 Abstract-Hybrid coding techniques have been proposed recently to improve the coding capacity of Chipless Radiofrequency identification (RFID) tag. The article examines the possibility to code information thanks to the magnitude level of the radar cross section (RCS) in addition to the more classical technique of frequency position. Single-layer tags based on Cfolded dipoles are designed to have different magnitude levels. A magnitude span of up to 15.2 dB is obtained for coupled resonators. A magnitude resolution of 3.5 dB is evaluated for practical applications based on the measurement of the realized tags in different configurations. The problem of tags applied to an unknown object is considered and a compensation technique is proposed for an object similar to a thin dielectric plate.
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I. INTRODUCTION

hipless radio frequency identification (RFID) is an emerging identification technology compatible with printing techniques that can considerably decrease the price compared to current RFID systems that employ tags with silicon chips [START_REF] Perret | Radio Frequency Identification and Sensors: From RFID to Chipless RFID[END_REF]- [START_REF] Vena | Design of Chipless RFID Tags Printed on Paper by Flexography[END_REF]. This passive technology can potentially compete with the optical barcode [START_REF] Preradovic | Chipless RFID: Bar Code of the Future[END_REF], offering new capabilities such as increased read range and reading of coated tags [START_REF] Tedjini | Hold the Chips: Chipless Technology, an Alternative Technique for RFID[END_REF], [START_REF] Perret | Radio Frequency Identification and Sensors: From RFID to Chipless RFID[END_REF].

An important problem still present in the design of a chipless tag is to increase the coding capacity of the tag even as maintaining a size of a credit card. For that purpose, several techniques are proposed in literature. Today, chipless RFID tags may thus be classified according to the coding technique they use [START_REF] Preradovic | Chipless RFID: Bar Code of the Future[END_REF]. They are divided into two main categories: time coding and frequency coding. Time domain based tags [START_REF] Girbau | Passive Wireless Temperature Sensor Based on Time-Coded UWB Chipless RFID Tags[END_REF]- [START_REF] Shao | An ultra-low-cost RFID tag with 1.67 Gbps data rate by ink-jet printing on paper substrate[END_REF] have simple calibration procedure and reasonable readable ranges up to 80 cm, but the bit encoding capacity is low [START_REF] Vena | Design rules for chipless RFID tags based on multiple scatterers[END_REF]. The best coding density is generally obtained with frequency position (FP) coding [START_REF] Preradovic | Multiresonator-Based Chipless RFID System for Low-Cost Item Tracking[END_REF], [START_REF] Rezaiesarlak | Complex-Natural-Resonance-Based Design of Chipless RFID Tag for High-Density Data[END_REF]- [START_REF] Preradovic | Design of Chipless RFID Tag for Operation on Flexible Laminates[END_REF] which is based on the control of resonances at certain frequencies of the spectrum. Each resonance is associated to a physical scatterer and the coding capacity is then related to the number of scatterers present on the tag and to the permitted frequency band.
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A significant increase can be achieved if each resonator codes several different states. This simple idea has been exploited in different ways to enhance coding capacity. Recent work are using both the fundamental and first harmonic for encoding [START_REF] Girbau | Frequency-Coded Chipless RFID Tag Based on Dual-Band Resonators[END_REF], [START_REF] Nijas | Low-Cost Multiple-Bit Encoded Chipless RFID Tag Using Stepped Impedance Resonator[END_REF]. A second method is to use dual polarized tags, with a different code for each polarization, allowing spectral efficient coding [START_REF] Islam | A Novel Compact Printable Dual-Polarized Chipless RFID System[END_REF], [START_REF] Bhuiyan | A spectrally efficient chipless RFID tag based on split-wheel resonator[END_REF]. Another approach called hybrid coding is to use several physical quantities to encode information. Each quantity must be controlled by independent geometric parameters for a maximum benefit of the approach. Several types of hybrid coding tags have been reported in literature: FP -phase [START_REF] Vena | Chipless RFID Tag Using Hybrid Coding Technique[END_REF], FP -group delay [START_REF] Gupta | Chipless RFID System Based on Group Delay Engineered Dispersive Delay Structures[END_REF], [START_REF] Nair | Chipless RFID based on group delay encoding[END_REF], FPangle [START_REF] Feng | Angle-Based Chipless RFID Tag With High Capacity and Insensitivity to Polarization[END_REF], FP -bandwidth [START_REF] El-Awamry | Novel notch modulation algorithm for enhancing the chipless RFID tags coding capacity[END_REF], FPmagnitude [START_REF] Vena | A Novel Near-Transparent ASK-Reconfigurable Inkjet-Printed Chipless RFID Tag[END_REF], [START_REF] Rance | RCS magnitude coding for chipless RFID based on depolarizing tag[END_REF]. These different coding techniques are compared in terms of bit per single resonator, coding density and spectral efficiency in Table I.

The magnitude hybrid coding principle has been introduced in [START_REF] Vena | A Novel Near-Transparent ASK-Reconfigurable Inkjet-Printed Chipless RFID Tag[END_REF] to enhance coding density of resonant scatterers having low quality factors which limits the FP coding efficiency. This happens for tags printed on high loss substrate like paper. A resistive strip with variable width is included in the resonator to control the level of the response. The magnitude range obtained in this manner is relatively low (3 dB) and may not be sufficient for practical applications.

Another implementation of the magnitude coding has been reported in [START_REF] Rance | RCS magnitude coding for chipless RFID based on depolarizing tag[END_REF] offering larger magnitude range (12 dB). The magnitude is controlled thanks to the polarization mismatch between the tag and the antennas. The tags include a ground plane and are therefore not impacted by the object on which they are applied on. However, they are not compatible with a printing realization process.

In this article, we examine the feasibility of the hybrid coding technique where the scatterers code different radar cross section (RCS) magnitude levels in addition to the more traditional FP technique (Fig. 1). A comprehensive study is presented that goes from the theoretical aspect to the practical implementation. The scatterer used for the design of the present article is a C-folded dipole (Fig. 1) [START_REF] Vena | A Fully Printable Chipless RFID Tag With Detuning Correction Technique[END_REF], [START_REF] Vena | Chipless RFID Tag Using Hybrid Coding Technique[END_REF]. It is a single-layer structure, which is potentially compatible with printing process. Two geometric parameters L and g control respectively the resonance frequency and the magnitude of the response. Because the magnitude of the response is limited to a small range (2.7 dB) with only one resonator, to obtain a larger range (15.2 dB), the resonators have to be coupled. The result of such a coupling is that the magnitude level at one resonant frequency cannot be addressed individually for each resonator. This allows a limited gain of 2 bits per tag. We consider, though, that the tags realized in this manner are sufficient to study the applicability of the general method. Indeed, no real examination of practical applicability of the method has been carried out in previous works [START_REF] Vena | A Novel Near-Transparent ASK-Reconfigurable Inkjet-Printed Chipless RFID Tag[END_REF], [START_REF] Rance | RCS magnitude coding for chipless RFID based on depolarizing tag[END_REF].

As a matter of fact, magnitude coding presents difficulties in practice because the magnitude of a resonator is particularly sensitive to noise and can be influenced by various factors. For example, the object on which the tag is applied to, has its own RCS, which can skew the results. Other factors such as the distance between the tag and the reader, the attenuation caused by the propagation medium (obstacle between the tag and the reader) have to be considered for practical implementation. The purpose of this article is to assess the feasibility of the magnitude coding approach and to determine a sufficient magnitude resolution for practical measurements. The problem of the additional contribution of the object is also considered and a compensation technique is proposed for object similar to thin dielectric plates.

The article is organized as follows. In section II, the design of the tag is presented. Particular attention is paid to the effect of couplings on the magnitude level. In section III, different factors that can modify the RCS magnitude of the tag are investigated. The magnitude resolution necessary to achieve a robust design is evaluated based on measurement results. In section IV, a compensation technique for a tag applied on an unknown dielectric plate of small width is proposed and validated by measurement results.

II. DESIGN OF THE TAG

The "RF encoding particles" (REP) approach is used [START_REF] Perret | Radio Frequency Identification and Sensors: From RFID to Chipless RFID[END_REF] and the elementary particle chosen for coding is the C-folded dipole (Fig. 2-a), which has been already studied since a few years [START_REF] Vena | A Fully Printable Chipless RFID Tag With Detuning Correction Technique[END_REF], [START_REF] Vena | Chipless RFID Tag Using Hybrid Coding Technique[END_REF]. The first step of the design is to establish the relations between the geometrical parameters of a single scatterer and the corresponding electromagnetic (EM) signature (Fig. 2). For that purpose, two complementary models of the scatterer are proposed. The model has to account for radiation properties of the scatterers to determine the magnitude level, which is not classically done for chipless RFID. To achieve an important coding capacity, it is necessary to integrate several scatterers within the same tag [START_REF] Vena | Design rules for chipless RFID tags based on multiple scatterers[END_REF] which can generate important couplings. We will show in particular how couplings can enhance the RCS magnitude level of the scatterers and eventually increase the possible magnitude span of the entire tag.

A. Single Resonator

In [START_REF] Vena | Chipless RFID Tag Using Hybrid Coding Technique[END_REF], the C-folded dipole has been identified among other single layer resonators to have a good tradeoff in terms of quality coefficient (Q = 65), RCS level (-30 dB), and frequency range (2.5 GHz to 7.5 GHz) with a reduced size (

). A model of the resonator was first introduced in [START_REF] Vena | Chipless RFID Tag Using Hybrid Coding Technique[END_REF]. The C-folded dipole can be seen as a transmission line (TL) with both a shortened (SC) and an open termination (OC) (Fig. 2b). It thus behaves like a quarter wavelength resonator. The fringing fields at the end of the TL can be taken into account by introducing a supplementary length , which is a function of the transverse geometry. For a given gap g, remains constant and can be readily evaluated by simulation fitting. The resonance frequency is given by: [START_REF] Perret | Radio Frequency Identification and Sensors: From RFID to Chipless RFID[END_REF] where the effective relative permittivity is the one of a Fig. 1. RCS magnitude level coding principle. The tag is composed of resonant scatterers, which results in peaks in its spectrum. The objective is to identify the RCS magnitude level of each scatterer. The magnitude range and resolution determine the number of magnitude levels and subsequently the additional coding capacity obtainable with magnitude coding.

coplanar stripline [START_REF] Garg | Microstrip lines and slotlines[END_REF] and then depends on the gap value g, the width W and thickness t of the strips, as well as the substrate thickness h and permittivity . This model enables to set the resonant frequency of a single scatterer by adjusting L. However, it does not provide information about the far-field radiation characteristics which is of interest for magnitude coding.

A complementary model is adapted from [START_REF] Gov | On isotropic scattering of electromagnetic radiation[END_REF] to relate the RCS magnitude to the value of the gap g. If g is small compared to the guided wavelength λ and fringing fields are neglected, the structure can be assimilated to a cavity of same geometry but with a magnetic wall at the open termination. The principal resonant mode of this cavity is obtained when , which overlaps the TL result. The field stored between the two strips for is given by ( 2):

(

where is the free space impedance and is the total current through the short arm. The coordinate system consistent with [START_REF] Gov | On isotropic scattering of electromagnetic radiation[END_REF] is indicated in Fig. 3-a. The E-field distribution has been obtained by full wave simulation (CST microwave studio) and is compared to the model prediction in Fig. 3 with good agreement. A drop in the stored field value is observed in Fig. 3-b at the open termination ( in simulation compared to theory, which is due to fringing fields. For small values of g, the electrical current density over the conductors for the principal mode is given by ( 3):

(3)

The constant current distribution in the short arm ( is due to the small electrical length. Thus its behavior is similar to an infinitesimal dipole. The opposite current flow in the long strips indicates a small cross-polarization value. The polarization of antennas has then to be aligned with the direction of the short arm ( ) to ensure optimal response of the resonator. The current density along the interior path obtained by full wave simulation is compared to the model prediction in Fig. 4) with good agreement. The current densities on the strips (the absolute values are represented in Fig. 4-a,b) are opposite and are following a cosine distribution for . A sudden increase of the current density (3.9 A / m to 7.8 A / m for the bottom strip) can be seen for . This is related to wedge effects and to the thickness of the strip (the calculation path is taken at the middle of the strip width but different density values are observed if we are closer to the substrate). We can also note that the current density on the small arm (Fig. 4-c) is not exactly constant and shows maxima at the wedges. A relative variation of 11% is observed compared to the mean value.

Using the current distribution of (3), the far-field can be calculated with respect to the direction of observation [START_REF] Gov | On isotropic scattering of electromagnetic radiation[END_REF] and is given by ( 4): [START_REF] Preradovic | Chipless RFID: Bar Code of the Future[END_REF] where:

where r is the distance to the observation point and and are angles of observation indicated on Fig. 3. It is readily seen that the field intensity depends on the length g. As g is small compared to wavelength the scatterer can be considered isotropic [START_REF] Gov | On isotropic scattering of electromagnetic radiation[END_REF]. The re-radiation pattern of such scatterer has been obtained by full wave simulation in [START_REF] Vena | Design of Chipless RFID Tags Printed on Paper by Flexography[END_REF] and is in good agreement with the theoretical prediction.

The RCS magnitude level at the resonant frequency 3.5 GHz has been extracted from full wave simulations and is compared to the one obtained from the cavity model in Fig. 5. We observe a marked discrepancy concerning the exponent value of g between simulation (black line) and theory (red line). This can be explained by the differences between the idealized structure proposed in [START_REF] Gov | On isotropic scattering of electromagnetic radiation[END_REF] and the current scatterer: presence of the substrate, strip width comparable to the gap value, and thickness of the strips much lower than the gap value. Nevertheless, a similar qualitative behavior is observed: the RCS is sensitive mainly to the value of g with respect to the wavelength. By analogy to (4), a variation model of the form is assumed. The parameters a and b are adjusted to best fit the full wave simulation at a least square sense. When g belongs to the infinitesimal dipole region ( , i.e.

) the obtained values are and (dashed blue line). When g belongs to the small dipole region ( , i.e., ), the obtained values are and (dashed green line). For a different value of L, a similar diagram can be easily drawn from only three simulations ( and ), which can then be used for design.

The quality factor (power radiated into space) of the theoretical scatterer has been studied in [START_REF] Gov | On isotropic scattering of electromagnetic radiation[END_REF] for g small compared to wavelength and is given by ( 6): [START_REF] Tedjini | Hold the Chips: Chipless Technology, an Alternative Technique for RFID[END_REF] In presence of a substrate, and for lossy conductor, the total quality factor is modified [START_REF] Vena | Design of Chipless RFID Tags Printed on Paper by Flexography[END_REF]: [START_REF] Girbau | Passive Wireless Temperature Sensor Based on Time-Coded UWB Chipless RFID Tags[END_REF] where and denote dielectric and conductor quality factors corresponding to the power dissipated by dielectric loss, and dissipated by conductor loss, respectively.

For the latter a variation range of g of 0.5 mm to 5 mm is considered, which is compatible with a printing realization process. The corresponding magnitude range is 2.75 dB for a single resonator, which is unfortunately not sufficient to perform a magnitude coding. In the following section, we will seek for a larger range by examining the effect of couplings.

B. Couplings

To increase the coding capacity, several scatterers are integrated together within the tag. For the present article, five C-folded dipoles are disposed in a row in a tag of dimension 30 mm × 50 mm (Fig. 6). It generates strong couplings and the overall response of the tag can sensibly vary from the single resonator configuration.

In [START_REF] Vena | Design rules for chipless RFID tags based on multiple scatterers[END_REF], the authors compared the effect of couplings with respect to the configuration to perform frequency coding. They compared the RCS of five resonators of same gap value g and spacing p, disposed in columns (vertical arrangement) (Fig. 6) or in row (horizontal arrangement). A slight frequency offset of maximum 1.5% (30 MHz) compared to the single resonator characteristic was observed. This was seen as a supplementary length due to couplings and it was compensated by the length of the resonators. For a different code, that is, small variations of the values, the couplings remain similar and holding a constant value of is enough to have negligible frequency deviation. A parametric study was performed to determine the magnitude sensitivity of the peaks to the gap value in presence of couplings. Similar to [START_REF] Vena | Design rules for chipless RFID tags based on multiple scatterers[END_REF], both horizontal and vertical configurations were tried. For the horizontal configuration, an important variation was observed when the value of the gap of all resonators was kept identical. Four tags showing different magnitude values have been realized and measured (Fig. 7, measurement setup is detailed later on the in the article) to illustrate this phenomenon. Parameter values are given in Table II. The tags are realized on a FR4 substrate of permittivity and thickness . The tags are designed to have the same resonant frequencies at 2.5 GHz, 3.5 GHz, 4.5 GHz, 5.5 GHz, and 6.5 GHz. The variation of the gaps induces a frequency shift, which is compensated by adjusting the value of L (see Table II). Doing this, a frequency shift less than 50 MHz is obtained from one tag to another. The spacing between the scatterers is held constant (

). The first three peaks show the most significant span (respectively 15.2 dB, 10.6 dB, and 8.1 dB) and could be used for coding in magnitude.

A second study is done to evaluate the response when the gap of only one resonator is varied, even as all other parameters are kept constant. The gap value (Fig. 7) of the scatterer number 2 is varied from 0.5 mm to 3.5 mm. The other geometrical parameters are held constant and correspond to tag2 (see Table II). The corresponding magnitude of the peaks is reported in Fig. 8. In this case, the variation is less pronounced than expected. The magnitude span of the second peak (varying one) is . It is not larger than for the single scatterer configuration (2.4 dB). An interesting fact is that the surrounding scatterers show sensitivity that is comparable to the varying one (peak 1: 0.6 dB, peak 3: 1.8 dB, peak 4: -2.1 dB). It shows that the resonators are strongly coupled.

It implies two major difficulties for the design. Firstly, there is no accurate model to describe the effect of couplings for such structures and the design would then be based on empirical techniques. For example, an attempt to model couplings for similar scatterers was done in [START_REF] Machac | Influence of mutual coupling on performance of small scatterers for chipless RFID tags[END_REF] but with limited success. Secondly, in practice, it implicates that the RCS magnitude levels of the peaks cannot be set independently from one to another. In other words, for a given tag, all peaks will have a comparable magnitude level and for a large resolution, all the peaks will code the same magnitude information. This constitutes a clear limitation in the additional coding capacity allowed by magnitude control for this structure.

C. Coding capacity

The design is limited to the case of identical gap values (Fig. 6). If we consider that we can have four different magnitude levels (see Fig. 7), an increase of 2 bit is obtained. For the initial tag [START_REF] Vena | Chipless RFID Tag Using Hybrid Coding Technique[END_REF], considering only the FP coding, 6 different frequency positions are considered for each resonator leading to a total coding capacity of bits. Due to the coupling between the resonators, only a gain of 2 bit is obtained with the magnitude coding which leads to a total coding capacity of 15 bits within a tag of size 3 cm 4 cm. One can easily imagine that other designs, based on other implementations [START_REF] Vena | A Novel Near-Transparent ASK-Reconfigurable Inkjet-Printed Chipless RFID Tag[END_REF], [START_REF] Rance | RCS magnitude coding for chipless RFID based on depolarizing tag[END_REF], could achieve higher capacity gain. Considering the hypothetical case where the magnitude of each resonator can be set independently with a comparable magnitude range would lead to: bits which illustrate the potential gain of the magnitude coding. This type of coding would be particularly interesting for tag having lossy substrates (like paper) where the FP coding has limited efficiency. This coding can be straightforwardly applied to the tags previously studied in [START_REF] Vena | A Fully Printable Chipless RFID Tag With Detuning Correction Technique[END_REF], [START_REF] Vena | Chipless RFID Tag Using Hybrid Coding Technique[END_REF] (same geometry than the present article) with no additional complexity for the design or at the reader part.

In the following, we consider that the current design is sufficient to assess the feasibility of the magnitude coding approach. The possibility to effectively retrieve the magnitude information in practice still needs to be demonstrated. The minimum resolution that can be measured has to be evaluated. The significant magnitude span of the first three peaks will allow an evaluation on a frequency band from 2.5 to 4.5 GHz.

III. LEVEL MAGNITUDE CODING FEASIBILITY

The RCS magnitude level is known to be particularly sensitive to perturbations. We are seeking to evaluate in practice the minimum variation of the RCS that can be detected in measurement. For that, different factors that can modify the RCS magnitude of the tag are investigated. The tags designed in the previous section are measured in anechoic chamber at various distances to estimate the measurement accuracy. The influence of the tagged object is then considered as well as the eventual presence of an obstacle between the tag and the reader. Finally the tag is measured in real environment.

A. Measurement accuracy with respect to distance

The theoretical definition of the RCS does not depend on the distance between tag and antenna [START_REF] Knott | Radar Cross Section[END_REF]. However, in practice, the measured quantity is the backscattered power received at the antenna, which depends strongly on the measurement setup. A usual way to obtain the exact value of σ is to proceed to a reference calibration measurement, as done in [START_REF] Vena | Chipless RFID Tag Using Hybrid Coding Technique[END_REF]. In this article, a measurement setup similar to the one in [START_REF] Vena | Chipless RFID Tag Using Hybrid Coding Technique[END_REF] is done (Fig. 9). Measurements are done in the frequency domain with the Agilent PNA Network Analyzer N5222A in bistatic configuration for the vertical polarization. The power delivered by the vector network analyzer (VNA) is 0 dBm in the frequency band from 2 GHz to 8 GHz .The two horn antennas have a gain of 12 dBi in the frequency band of interest. The spacing between the antennas is . The measured quantities correspond to the parameter. The tag is placed at a minimum distance of from both antennas. An isolation measurement with no tag ( ) and a reference measurement (

) with a metallic plate with a known RCS ( ) are done. This allows extracting the exact value of the RCS using ( 7): [START_REF] Hartmann | A global SAW ID tag with large data capacity[END_REF] where (

) is the measured S parameter and is the extracted value of the complex RCS corresponding to the measured tag.

The curves shown Fig. 10 correspond to the RCS calculated with [START_REF] Hartmann | A global SAW ID tag with large data capacity[END_REF] for the tags 1-4 positioned at a distance r = 60 cm. The RCS extraction was also performed from measurement of tags positioned at 70 cm and 80 cm. The peak magnitude deviations are represented in Fig. 10 by error bars. The lower and upper bounds correspond to the magnitude of the peak at 70 cm and 80 cm, respectively. A maximum deviation of 2.1 dB is obtained for the first peak of the tag 1, which corresponds to the lowest magnitude level (-45 dB), and is then more sensitive to noise. In other cases, the deviation is less than 1.4 dB. The magnitude resolution in dB has to be superior to to be able to discriminate the level of each peak for a read range of 80 cm. When increasing the distance, the power backscattered to the antenna becomes lower due to free space path loss and the signal-to-noise ratio decreases. For a larger reading distance, a higher magnitude resolution would certainly be necessary.

B. Tag applied on unknown object

In a practical case, the tag is adhered to the surface of an unknown object and the total backscattered field is the sum of two components:

where is the response of the tag and corresponds to the specular reflection on the object. We will consider in a first time that there is no interaction between the tag and the object; that is, a variation of the object characteristics modifies only without affecting

. The effects of the interaction will be discussed in a second step.

The root of the total RCS is related to the ratio between the total backscattered electric field and the incident electric field by ( 8) [START_REF] Knott | Radar Cross Section[END_REF]: [START_REF] Shao | An ultra-low-cost RFID tag with 1.67 Gbps data rate by ink-jet printing on paper substrate[END_REF] In far-field, ( 8) can be rewritten as , where A is a normalization constant with respect to the distance and the incoming field. The object contribution can be considered as a random component affecting the magnitude level of the RCS which can lead to bit errors. To remove this contribution, a relative measurement can be done instead of directly comparing the RCS values. Let consider two different tags, for instance, tag 2 and tag 4 (indicated by the subscripts 2 and 4 respectively). Those tags are successively applied on the same object and the corresponding RCS is measured. The quantity that remains constant regardless of the object is the difference between the total re-radiated fields ( 9): [START_REF] Vena | Design rules for chipless RFID tags based on multiple scatterers[END_REF] with no dependence on . Considering the peak apex, the annulation of the phase at the resonance allows to express in function of the RCS: [START_REF] Rezaiesarlak | Complex-Natural-Resonance-Based Design of Chipless RFID Tag for High-Density Data[END_REF] which does not depend on distance or on incoming power as and are normalized values.

For tags having no ground planes, the interaction between the tag and the object may modify significantly the response of the tag itself in the previous equations). Two main effects can be expected. First the object will modify the effective permittivity of the tag. If the permittivity and the width of the object are known, the effective permittivity associated to the resonator can be calculated analytically similar to CPS technology with multilayer substrate [START_REF] Garg | Microstrip lines and slotlines[END_REF]. Using in [START_REF] Perret | Radio Frequency Identification and Sensors: From RFID to Chipless RFID[END_REF] shows that the presence of the object introduces a deviation of the resonant frequency corresponding to the coefficient . This phenomenon has been studied in [START_REF] Vena | A Fully Printable Chipless RFID Tag With Detuning Correction Technique[END_REF] and a compensation technique has been proposed. Secondly, the object introduces additional losses which can modify the quality factor of the resonators as it is expected from [START_REF] Girbau | Passive Wireless Temperature Sensor Based on Time-Coded UWB Chipless RFID Tags[END_REF]. Other pattern change can arise due to the modification of the couplings between the unit scatterers but are more difficult to characterize. A sufficient resolution has to be determined to account for those eventual effects.

To verify that remains nearly constant, measurements with different objects have been carried out. The objects constituted of a dielectric plate of thicknesses t = 2 mm, 4 mm, 8 mm, and 12 mm numbered from 1 to 4, respectively. The plate dimensions are and the relative permittivity of the dielectric is 3. Tags 2 and 4 are successively applied on the top of the objects and the corresponding RCS is measured. The presence of multiple scatterers within the tags allows verifying the assumption for a frequency band from 2.5 GHz to 4.5 GHz and different magnitude values.

Figure 12-a shows the electric field response of the tags 2 and 4 positioned on the substrate 1. For the peak, the value is the difference between the re-radiated fields of the two tags. The values of are compared for the three substrates in Fig. 12-b. The value is nearly constant for the first peak. A variation of 0.2 and 0.3 of the full scale is obtained for the peaks 2 and 3. This can be because of either measurement inaccuracy or the interaction between the object and the tag that has been neglected. The relative variation can be expressed in dB (3.1 dB and 1.9 dB for the peaks 2 and 3, respectively) to determine an equivalent magnitude resolution in dB, which takes into account the presence of the object. The necessary resolution is considered to be 3.5 dB. It is superior to the 2.1 dB resolution obtained in the last section, which is logical if we consider the object as an additional noise. Following this analogy, if we consider an object with a larger RCS value, the signal-to-noise ratio will decrease and a higher magnitude resolution would certainly be necessary. If the object contribution is too important compared to the RCS of the tag, the signal-to-noise ratio will be close to zero and no tag measurement will be possible. In this case a prior calibration of the object may be necessary. The limit case can be considered when the RCS of the object is equal to the RCS value of the object.

For small objects (RCS values comparable to the one in the dielectric plates described in this section), a resolution of 3.5 dB is considered sufficient to discriminate the different magnitude levels. As the magnitude range of the design tags is 15.1 dB, four different levels can be set, which correspond to an additional coding capacity of two bits.

C. Coated Tag

An interesting case of application is a tagged object placed inside of a carton box. In this case, no direct line of sight exists and the obstacle between the tag and the reader attenuates the signal which can lead to bit error. Similarly to the previous section, a relative measurement can be done to prevent errors. Measurements of tags coated by two different dielectrics sheets (denoted by 1 and 2) of thickness mm and mm, permittivity and and loss tangent and have been performed. Distance between tag and reader is 60 cm and the dielectric sheets have been applied directly on the tag. The measurement results are presented in Fig. 12. Similar behavior than for a tag applied on a dielectric object are observed. The change of permittivity due to the presence of the dielectric sheets in the vicinity of the tag induces a frequency deviation of 450 MHz and 140 MHz for dielectric 1 and 2 respectively. If the sheets are not touching the tag, no frequency deviation is observed. The quality factor of the resonance is lower for dielectric sheet 1 due to higher loss. Like in the previous section, the relative quantity corresponding to remains nearly constant if the dielectric has a low loss (see comparison between no sheet and dielectric sheet 2 in Table III). When the dielectric sheet has higher loss (dielectric sheet 1), the relative measure varies in a similar way for all peaks (factor 0.5 when comparing no sheet with dielectric sheet 1 in Table III). The resolution of 3.5 dB which has been considered in the previous section is sufficient in regards of the variation of . Like in the previous section the limit case can be considered when the RCS of the dielectric sheet is higher than the RCS of the tag itself (Fig. 12. a).

D. Real environment measurement

The tags have been measured in an office environment. The distance tag-reader has been decreased to 20 cm because of the higher noise level. To ensure far-field condition at this distance, the horn antennas used in the anechoic chamber configuration have been replaced by Satimo QH2000 antennas in bistatic configuration. These antennas present a gain of 3 dBi to 8 dBi in the frequency band 2 GHz to 5 GHz. A photograph of the measurement setup is given in Fig. 13.

The tags 1-4 have been measured and their response is presented on Fig. 14. A rectangular time window has been applied to the measured data to limit the impact of the reflection on the wall visible on Fig. 13. The magnitude levels of the second and third peak of tags 1-4 are similar to the anechoic chamber results (Fig. 7). For instance, considering the second peak at 3.5 GHz of Tag 4, a RCS value of dBsm is obtained in real environment compared to dBsm in anechoic configuration. For all the tags, the first peak present lower magnitude level than the anechoic configuration. This difference can be explained both by the interference of the Wi-Fi at 2.4 GHz and to the lower gain of the antennas at this frequency. Nevertheless, the distance between the different levels remains similar than in anechoic configuration (2.1 dBsm between the first peak of tags 4 and 3 in real environment compared to 2.3 dBsm in anechoic configuration). The frequency position of the peaks remains identical for both configurations. The selectivity of the peaks is less important than in anechoic configuration due to the additional noise.

The measurement realized in real environment gives results comparable to the anechoic configuration. The main difference is the lower read range that can be achieved. When the tags are readable, the resolution of 3.5 dBsm assessed from anechoic measurement can be considered sufficient even for real environment applications since no critical degradation of the signal is observed.

IV. COMPENSATION TECHNIQUE

For a practical use, it is necessary to be able to determine the magnitude code from one tag alone. If the object is unknown, the augmentation of the RCS magnitude level because of the object contribution can be misinterpreted as a different coding than expected. Example of such a case is represented by measurements in Fig. 15. Tag 2 and tag 4 are supposed to code different information. If they are applied on the substrate 1 and 4 respectively, we can see that the magnitude of the second peak is the same for both configurations and it is then impossible to differentiate the tags. Additionally a detuning of the frequency is observed. A compensation method has been proposed for FP coding in [START_REF] Vena | A Fully Printable Chipless RFID Tag With Detuning Correction Technique[END_REF] to compensate the detuning of the frequency but with no consideration for the magnitude level. This method can be adapted to recover the magnitude code as if the measurement was made in free space (absence of object). The method applies for objects a having low RCS value and for which a model is available (like thin dielectric substrate). The limit case can be considered as object having RCS higher than the tag itself.

As in the previous section, a relative measurement can be done. But this time, the reference measurement is included directly within the tag in the form of an additional reference scatterer (Fig. 16). The magnitude level of the reference scatterer is supposed to be known in absence of object. When the tag is applied on the object, the variation of the magnitude value of the reference scatterer can be used to sense the object contribution. The reference scatterer has to be spaced far enough from the other scatterers to avoid parasitic couplings of tags having different codes.

As the reference scatterer is a resonator, it provides information only at its resonant frequency but not for the whole band of interest. A model of the object RCS has then to be established to recover the information on the whole band. If the object can be assimilated to a thin dielectric plate, a closed form formula based on dielectric physical optic has been derived in [START_REF] Le Vine | Scattering from thin dielectric disks[END_REF] with very good accuracy: [START_REF] Vena | A Fully Printable Chipless RFID Tag With Detuning Correction Technique[END_REF] where t, and S are the thickness, permittivity and surface of the dielectric.

We consider that the magnitude level and resonant frequency of the reference scatterer are known in absence of object. When an object is introduced, the measured value of the peak is modified: [START_REF] Preradovic | Design of Chipless RFID Tag for Operation on Flexible Laminates[END_REF] If the object can be assimilated to a thin dielectric, [START_REF] Vena | A Fully Printable Chipless RFID Tag With Detuning Correction Technique[END_REF] gives: [START_REF] Girbau | Frequency-Coded Chipless RFID Tag Based on Dual-Band Resonators[END_REF] The response of the object in the whole frequency band can be deduced from ( 11)-( 13): [START_REF] Nijas | Low-Cost Multiple-Bit Encoded Chipless RFID Tag Using Stepped Impedance Resonator[END_REF] Once the response of the substrate is reconstructed, it is possible to extract the expected RCS magnitude level of the tag from [START_REF] Preradovic | Design of Chipless RFID Tag for Operation on Flexible Laminates[END_REF]. The reference value in absence of object can be obtained either in measurement like in Fig. 17, or by simulation.

A validation of the compensation method has been done with measurement. The tag 2 has been measured for three configurations: in absence of object, applied on substrate 1, and applied on substrate 3 (Fig. 17). As expected, the tag shows different magnitude levels in presence of substrate. An additional frequency shift of approximately 100 MHz because of the interaction between the substrate and the tag can be observed. The first peak of the tag 2 in absence of object (red line) is used as the reference scatterer. The substrate signatures on the whole frequency band are calculated using [START_REF] Nijas | Low-Cost Multiple-Bit Encoded Chipless RFID Tag Using Stepped Impedance Resonator[END_REF] and are compared with the measurement for both substrates on Fig. 17 with good agreement. Following the evaluation of the substrate response, the tag response without object can be recovered by subtraction of the fields. Additional frequency compensation is done as in [START_REF] Vena | A Fully Printable Chipless RFID Tag With Detuning Correction Technique[END_REF] to obtain the correct frequency positions of the peaks. The compensated signatures are shown in Fig. 18 and are in good agreement with the measurement of the configuration without object. A maximum deviation of 1.6 dB is observed for the third peak of the substrate 3 configuration.

V. CONCLUSION

The possibility to code information with the magnitude has been evaluated in practice. A model taking into account the radiation properties of the C-like resonators has been used to design four tags with different magnitude levels. A magnitude span of up to 15.2 dB has been obtained for coupled resonators. A minimum resolution of 3.5 dB has been evaluated from measurements providing an additional coding of 2 bits for the current design. The problem of the presence of an unknown object has been addressed and a compensation technique has been proposed for objects similar to thin dielectric plates.

The magnitude coding technique can be of interest for tags printed on paper. In this case the quality factors of the resonators are much lower due to the important loss, which limits the efficiency of the FP coding. For tags printed on paper, a specific design has to be done with a particular attention to the RCS level and the selectivity of the resonators. The control of the RCS level is then an underlying problematic for the design of tags printed on paper which could be exploited advantageously with magnitude coding.
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 2 Fig. 2. (a) Pattern of the C-folded dipole with (b) its equivalent TL circuit where SC stands for short circuit and OC for open circuit and (c) corresponding EM signature. It behaves like a quarter wavelength resonator.

Fig. 3 .

 3 Fig. 3. (a) E-field stored between the strips at resonance for a C-folded dipole applied on a dielectric substrate obtained by full wave simulation (CST Microwave Studio). (b) Comparison between the full wave simulation and the cavity model. , , and .

Fig. 4 .

 4 Fig. 4. Current density along the interior path at resonance. Comparison between full wave simulation (CST Microwave Studio) and cavity model. (a) Top strip, (b) bottom strip, (c) short arm.
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 56 Fig. 5. RCS magnitude level at the resonant frequency 3.5 GHz with respect to the gap value g. (a) infinitesimal dipole region, (b) small dipole region. The length and the width of the strip are constant:, and

Fig. 7 .

 7 Fig.7. EM signature measurements of the realized tags. Each tag spectrum is composed of 5 resonant peaks which correspond physically to the 5 Cfolded dipoles. The tags are designed to have the same resonant frequencies. Each tag shows a different RCS magnitude level which is set by adjusting the value of the gap g. Values of the geometrical parameters are given in TableII. Only the 3 first peaks are showing a sufficient magnitude span for coding information.

Fig. 8 .

 8 Fig. 8. Variation of the RCS magnitude level of the peaks in the surrounded configuration when only the gap value of the second C-folded dipole is varied. The variation shows an important coupling between the scatterers.
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 910 Fig. 9. Measurement Setup. Bistatic configuration. The measurement is done in an anechoic chamber.

Fig. 11 .

 11 Fig. 11. (a) Re-radiated field difference for tag 2 and 4 applied on the first dielectric plate. (b) Variation of the re-radiated field difference with respect to the substrate for the three peaks.
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 1214 Fig. 12. Relative measurement of coated tags (a) Re-radiated field for tag 3 and 4 coated by a dielectric sheet of thickness mm, permittivity and loss tangent . (b) Re-radiated field for tag 3 and 4 coated by a dielectric sheet mm, and

Fig. 13 .

 13 Fig. 13. Real environment measurement setup. The distance between tag and antennas is 20 cm. The antennas are Satimo QH2000 to ensure far-field condition at this distance.

Fig. 15 .

 15 Fig. 15. Level detection error because of unknown object contribution. The magnitude value of the second peak is the same for tag 2 and tag 4.

Fig. 16 .

 16 Fig. 16. Compensation principle based on a reference scatterer. The additional scatterer has a known RCS level in absence of object. It is used to "sense" the RCS magnitude of the unknown object.

Fig. 17 .

 17 Fig.[START_REF] Vena | Chipless RFID Tag Using Hybrid Coding Technique[END_REF]. Evaluation of the signature of the unknown substrates (thin dielectric) using a reference scatterer (measurements). The first peak of the configuration without object is considered as the reference value.

Fig. 18 .

 18 Fig.[START_REF] Gupta | Chipless RFID System Based on Group Delay Engineered Dispersive Delay Structures[END_REF]. Comparison of the signature of tag 2 obtained by compensation method with the signature in absence of object (measurements).

TABLE II

 II 

		PARAMETER VALUES OF THE REALIZED TAGS	
	mm	g					
	Tag 1	0.5	18.4	12.7	9.7	7.8	6.4
	Tag 2	1.5	18.9	12.7	9.4	7.4	6.1
	Tag 3	2.5	19.1	12.5	9.2	7.1	5.7
	Tag 4	3.5	19.1	12.1	8.9	6.7	5.4
			2.5	3.5	4.5	5.5	6.5
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