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Motivation

Read rang: UHF chipped RFID vs. Chipless RFID

Reader
Chipped Tag

Read range more than 10 m 𝑍𝐿(𝑡)

Reader
Chipless Tag

Read range less than 1 m
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Motivation

Chipless limited read range : LTI property and residual environment 

Radar equation for read range calculation : 

𝑑𝑚𝑎𝑥 =
4 𝑃𝑡𝐺𝑇𝐺𝑅𝜆

2𝜎

(4𝜋)3 𝑃𝑟 𝑚𝑖𝑛
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Motivation

Movement; a solution to break the LTI property

Radar equation for read range calculation : 

𝑑𝑚𝑎𝑥 =
4 𝑃𝑡𝐺𝑇𝐺𝑅𝜆

2𝜎𝑑
(4𝜋)3 𝑃𝑟 𝑚𝑖𝑛
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Micro-Doppler Effect

EM scattering from objects which have micromotions in addition to their 

bulk motion.

Micro-Doppler model

For regular periodic motions like vibration and

rotation, analytical expressions can be derived.

Micro-Doppler detection

Coherent reception is essential to preserve even 

small phase variation.
V. Chen et al , Micro-Doppler Effect in Radar: Phenomenon, Model, and 

Simulation Study, 2005
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Model and analysis (rotational motion)

Backscattering from rotating dipole
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Model and analysis (rotational motion)

Backscattering from rotating dipole

X

Z

𝑅0

𝜔𝑟

𝑅

𝐻𝑖

𝐸𝑖

𝐻𝑠

𝐸𝑠
𝑟(𝑡)

y

𝐸𝑖(Ԧ𝑟) = 𝐸0𝑒
−𝑗𝑘𝑧 ො𝑦 𝑘 =

2𝜋𝑓0
𝑐0

𝐸𝑠(Ԧ𝑟, 𝑡) = 𝐸0𝜌 𝑓0
𝑒𝑗𝑘𝑧

4𝜋 𝑧
𝑒−𝑗2𝑘(𝑅0+𝑅 sin(𝜔𝑟𝑡)) ො𝑦

𝑟 𝑡 ≈ 𝑅0 + 𝑅 sin(𝜔𝑟𝑡)

𝜌 𝑓0
2 = 𝜎(𝑓0)

𝑅0 ≫ 𝑅
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Model and analysis (rotational motion)

Backscattering from rotating dipole

𝐸𝑖(Ԧ𝑟) = 𝐸0𝑒
−𝑗𝑘𝑧 ො𝑦

𝐸𝑠(Ԧ𝑟, 𝑡) = 𝐸0𝜌 𝑓0
𝑒𝑗𝑘𝑧

4𝜋 𝑧
𝑒−𝑗2𝑘(𝑅0+𝑅 sin(𝜔𝑟𝑡)) ො𝑦

𝑬𝑠 Ԧ𝑟, 𝑓 = 𝐸0𝜌 𝑓0
𝑒𝑗𝑘𝑧

4𝜋 𝑧
𝑒−𝑗2𝑘𝑅0 

𝑛=−∞

+∞

𝐽𝑛 𝛽 𝛿(𝑓 − 𝑛𝑓𝑟) ො𝑦 𝛽 =
4𝜋𝑅

𝜆
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Model and analysis (rotational motion)

Backscattering from rotating dipole

𝑬𝑠 Ԧ𝑟, 𝑓 = 𝐸0𝜌 𝑓0
𝑒𝑗𝑘𝑧

4𝜋 𝑧
𝑒−𝑗2𝑘𝑅0 

𝑛=−∞

+∞

𝐽𝑛 𝛽 𝛿(𝑓 − 𝑛𝑓𝑟) ො𝑦

× 𝑓𝑟

𝛽 = 3

𝑓0
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Model and analysis (rotational motion)

Differential RCS 

𝑬𝑠 Ԧ𝑟, 𝑓 = 𝐸0𝜌 𝑓0
𝑒𝑗𝑘𝑧

4𝜋 𝑧
𝑒−𝑗2𝑘𝑅0 

𝑛=−∞

+∞

𝐽𝑛 𝛽 𝛿(𝑓 − 𝑛𝑓𝑟) ො𝑦

Classical RCS (non-modulated scatterer)        𝜎(𝑓0) = lim
𝑟→∞

4𝜋𝑟2
𝐸𝑠

2

𝐸𝑖
2

Differential RCS (modulated scatterer)        𝜎𝑑(𝑓0) = lim
𝑟→∞

4𝜋𝑟2
∞−
−𝜖

𝐸𝑠
2 𝑑𝑓 + 𝜖+

+∞
𝐸𝑠

2 𝑑𝑓

𝐸𝑖
2

𝐸𝑖(Ԧ𝑟) = 𝐸0𝑒
−𝑗𝑘𝑧 ො𝑦

× 𝑓𝑟

𝛽 = 3

𝑓0

2𝜖
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Model and analysis (rotational motion)

Identification based on differential RCS 

𝑬𝑠 Ԧ𝑟, 𝑓 = 𝐸0𝜌 𝑓0
𝑒𝑗𝑘𝑧

4𝜋 𝑧
𝑒−𝑗2𝑘𝑅0 

𝑛=−∞

+∞

𝐽𝑛 𝛽 𝛿(𝑓 − 𝑛𝑓𝑟) ො𝑦

𝜎𝑑(𝑓0) = lim
𝑟→∞

4𝜋𝑟2
∞−
−𝜖

𝐸𝑠
2 𝑑𝑓 + 𝜖+

+∞
𝐸𝑠
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𝐸𝑖
2

𝐸𝑖(Ԧ𝑟) = 𝐸0𝑒
−𝑗𝑘𝑧 ො𝑦

𝜎𝑑(𝑓0) = 𝜎(𝑓0)(1 − [𝐽0 𝛽 ]2)

𝜎
𝑑

,𝜎
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𝑓

𝑓0 + Δ𝑓 𝑓0 + 2Δ𝑓 𝑓0 + 3Δ𝑓 𝑓0 + 4Δ𝑓

𝐽0 𝛽 = 0 → 𝛽𝑜𝑝𝑡
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Experimental results (rotational motion)

Measurement in anechoic chamber (Identification) 

Six dipoles made of 

100 𝜇m copper wire

Cylindrical rotating 

support with 𝑅 = 35mm
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Experimental results (rotational motion)

Measurement in anechoic chamber (Identification) 

= 22.5 𝐻𝑧
𝑓𝑟

2𝜖𝑚
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Experimental results (rotational motion)

Measurement in anechoic chamber (Identification) 
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Experimental results (rotational motion)

Measurement in real environment (Read range) 

10 m Detection threshold
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Vibration sensing

Read range enhancement based on resonant RCS 
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Vibration sensing

Calibration free vibration sensing and target identification 

𝑛

𝐸𝑠(𝑓)

0 2 4−4 −2
or 𝑓

Estimated 𝛽
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Vibration sensing

Experimental verification

loudspeaker

𝑉𝑠 = 𝑉0 sin 2𝜋𝑓𝑣𝑡

𝑉𝑠

• Sensitivity ≈ 400 𝜇m 
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Vibration sensing

Experimental verification

(MHz)
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Vibration sensing

Experimental verification

7.8 m4.2 m

2 m

• Read range ≈ 8 m 

Detection threshold
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Conclusion

• First LTV chipless tag based on micro-Doppler effect

• Applicable for any moving target object

• Analytical model to express the backscattered signal and 

differential RCS

• Identification based on differential RCS

• Read range up to 10 m
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Thank you for your attention 
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