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Introduction

• Stationary depolarizing chipless tags

Stationary depolarizing tag

(Linear Time-Invariant)

Stationary non-depolarizing object and environment

(Linear Time-Invariant)

𝑓𝐿 𝑓𝐻
𝑓

Env. + Obj.  Response (V pol.)

𝑓1
𝑓
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𝑓
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𝑓
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Background subtraction

𝑓𝐿 𝑓𝐻
𝑓

Noise floor
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Measured Cross-RCS (𝜎𝑉𝐻)

Residual environment
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Introduction

• Rotating non-depolarizing chipless tags

Rotating non-depolarizing tag

(Linear Time-Variant)

Stationary non-depolarizing environment

(Linear Time-Invariant)

Modulated power

integration

TX signal (H pol.)

𝑓𝐿 𝑓𝐻
𝑓

𝑓𝐿 𝑓𝐻
𝑓

Env. + Obj. response (H pol.)

Noise floor

𝑓𝐿 𝑓𝐻
𝑓𝑓1 𝑓2 𝑓3

Measured differential Co-RCS (𝜎𝑑
𝐻𝐻)𝑓1

𝑓

Tag response (H pol.)

𝑓2 𝑓3

RX signal (H pol.)

𝑓𝐿 𝑓𝐻
𝑓

𝑓2𝑓1 𝑓3

𝐵𝑖

Rotating non-depolarizing object*

(Linear Time-Variant)

* The cylindrical object considered here 

does not generate micro-Doppler due to 

its full rotational symmetry.



5 Th3B-2

Introduction

• Stationary depolarizing vs. rotating non-depolarizing tags

X  Tag and object isolation

✓ Tag and environment isolation

✓ Read range up to 10 meter

X  Not feasible in application

✓ Tag and object isolation

X  Tag and environment isolation

X  Read range < 1 meter

• Stationary tag and object responses are 

decomposed in polarization domain.

• Stationary tag, object, and environment 

responses are superimposed in frequency 

domain.

Stationary depolarizing chipless tag Rotating non-depolarizing chipless tag

• Rotating tag and object responses are not decomposed

in polarization domain.

• Rotating tag and stationary environment responses are 

decomposed in frequency domain.

• Rotation is not practical in real applications
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Motivation

• Translating depolarizing chipless tags

• Translating tag and object responses are decompose

in polarization domain.

• Translating tag and stationary environment responses 

are decompose in frequency domain.

• Translation is practical in real applications.

• Differential RCS should be redefined since the range 

of the tag is varying during time.

Stationary 

environment

TX

RX

Translating 

object

Attached depolarizing 

chipless tag

V pol.

V pol.

H pol.

@ 𝑓0

@ 𝑓0

@ 𝑓0 + 𝑓𝐷

V pol.

@ 𝑓0 + 𝑓𝐷

environment 

response

Object 

response Tag response

Sent Wave

✓ Tag and object isolation

✓ Tag and environment isolation

✓ Read range up to several meters

✓ Feasible in application
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Model

• Backscattering from translating scatterer 

𝑑 ≫ 𝐿

Amplitude modulation

Depolarization
Phase (Doppler) modulation

• Classical radar targets
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Model

• Differential RCS

– Differential RCS of the translating chipless tag

• Magnitude of the backscattered field is significantly affected

by the time-varying range of the tag for 𝐿~𝑑 .

• The time-varying magnitude of the backscattered filed is compensated to have the final 

differential RCS value independent of the range. 

✓ Definition in the time and frequency domain based on the modulated backscattered field

✓ The differential RCS of the tag is independent of the range

X   In the definition, the range of the tag is supposed to not vary with time 

Classical form

𝐻𝐻

Modified form

𝑉𝐻
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Model

• Differential RCS 

Translating depolarizing  chipless tagRotating non-depolarizing chipless tag

Modulation efficiency depends on 

the rotation radius 𝑅
Modulation efficiency is almost 100 % 

independent of the translation velocity

Classical form

𝐻𝐻

Modified form

𝑉𝐻

𝑉𝐻𝐻𝐻 𝐻𝐻 𝑉𝐻𝑉𝐻
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Experimental Results

• Measurement with a conveyor belt 

• Cross-polarized TX and RX ant

• 3.2 < 𝑓0 < 3.8 GHz

• 𝑃𝑡 = 5 dBm

• 𝐿 = 2.5 m

• 𝑣 = 0.19 m/s

• 1 < 𝑑 < 3 m

• Acquisition time 11 seconds

• Sample rate: 256 S/s

Real tagged object
Depolarizing chipless tag
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Experimental Results

• Backscattered signal in time and frequency

– At the second resonance of the chipless tag  𝑓0 = 3.59 GHz

𝑣 = 0.19 m/s

𝑑 = 1.2 m
𝑓𝐷 =

2𝑣

𝜆
=

2×0.19 m/s
0.08 m

= 4.5 Hz
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Experimental Results

• Measured differential RCS and identification

• 𝑑 = 1.2 m

• 𝑣 = 0.19 m/s

• Δ𝑡 = 𝑡2 − 𝑡1 = 11 sec

• 𝑉𝑟 𝑡 = 𝐼𝑟 𝑡 + 𝑗𝑄𝑟(𝑡)

• 𝐸𝑠 𝑡 = 4𝜋/𝑍0𝐺𝜆2 𝑉𝑟(𝑡)

• 𝐸0 = 2𝜂𝑃𝑡𝐺/4𝜋

RCS simulation
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Experimental Results

• Read range

– Differential backscattered power as a function of distance

• Real measurement 

𝑃𝑡 = 5 dBm        𝑑 ↗ 1 ∶ 0.2 ∶ 3 m          𝑃𝑏𝑠 𝑑

• Theory (radar equation)

𝜎𝑑 = 4.5 × 10−3

𝑃𝑡 = 5 dBm

• Equivalent measurement

d = 1 m        𝑃𝑡 ↘ 5 ∶ −1 ∶ −25 dBm        𝑃𝑏𝑠 𝑑 Detection threshold

4.5 m

𝑃𝑟 𝑚𝑖𝑛

𝑑𝑚𝑎𝑥 =
4 𝜆2𝐺2𝑃𝑡𝜎𝑑
(4𝜋)3𝑃𝑟 𝑚𝑖𝑛

@  𝑓0 = 3.59 GHz

𝑃𝑏𝑠 𝑑 =
𝑃𝑡𝐺

4𝜋𝑑2
𝜎𝑑
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Conclusion

• Translating Doppler-modulated depolarizing chipless tags

• Response of the tagged object and the environment are 

decomposed based on Doppler modulation

• Response of the tag and the object are decomposed based 

depolarizing property of the chipless tag

• Range-independent definition of the differential RCS is developed

• Robust and long-range chipless RFID for real applications with

conveyor belts

• Read range up to 5 meter
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Thank you for your attention !

Question time …


