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Introduction to RC

Å A reverberation chamber consists of an oversized Faraday cage

Å It relies on a multiple natural modes excitation : the EM field is a combination of one 
or several modes in a given state of the chamber

Å An ensemble of states are obtained through a stirring process (a change of the 
boundary conditions). Ensemble statistics may reach ideal properties under some 
conditions.

RC: definition
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Introduction to RC
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Introduction to RC
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Introduction to RC

Multiple modes
Oversized if L0 high enough
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Introduction to RC

Despite changing b.c. 
no significant  

excitation of modes at 
any frequency at 
oversized length
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Introduction to RC
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Introduction to RC

Density of modes increases
wiith  frequency
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Introduction to RC
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3-D overmoded cavities

Å Multiple modes with significant excitation over a number of 
states

Ą Mode density (M)

Ą Composite Q-factor (Q)

ĄὨ ὓ ЎὪ

Introduction to RC
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E. Amador et. al, "Reverberation Chamber Modeling Based on Image Theory: Investigation in the Pulse Regime," in IEEE Transactions on 
Electromagnetic Compatibility, vol. 52, no. 4, pp. 778-789, Nov. 2010
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Introduction to RC

Well overmoded / stirred cavity:
Å Plane wave spectrum
ÅIjmmǃt (asymptotical ) model
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Q-factor

Å Energy is stored in multiple modes

Å The higher Q the higher the strored energy and thus the field 
strength

Å The lower Q the higher d (better overlapping situation)

Å Depends on losses machanisms

Introduction to RC
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Introduction to RC
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Antenna effective area ὖ ὃ ὖ

Introduction to RC

Receiving antenna Transmitting  antenna ‗

ψ“
–ά

‗

τ“
–ά

(ensemble average)
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Antenna effective area ὖ ὃ ὖ

Introduction to RC

Receiving antenna Transmitting  antenna ‗

ψ“
–ά

‗

τ“
–ά

(ensemble average)
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Introduction to RC

VNA

Transmitting  
antenna

 

Receiving antenna:

(_1) Arbitrary pos. 1
S21_1

(_2) Arbitrary pos. 2
S21_2

Port 1 Port 2
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Antenna efficiency  from Q

Antenna efficiency  and antenna patterns in RC

Q estimation at two identical antennas

P. Besnier, J. Sol, A. Presse, C. Lemoine, and A. -D/!Ubspu-!ǆAntenna efficiency measurement from quality factor estimation in 
sfwfscfsbujpo!dibncfs-Ǉ!jo!Proc. Eur. Microw. Conf., 2016, pp. 715ƿ718,
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Antenna pattern

 

Antenna efficiency  and antenna patterns in RC

C. Lemoine, E. Amador, P. Besnier, J. -M. Floc'h and A. Laisné, "Antenna Directivity Measurement in Reverberation Chamber From Rician K-Factor Estimation," in IEEE Transactions on Antennas and Propagation, vol. 
61, no. 10, pp. 5307-5310, Oct. 2013.

K factor 
(Ricean channel)
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Average absorbing cross-section

Andrieu, Guillaume (ed.): 'Electromagnetic Reverberation Chambers: Recent advances and innovative applications' (Electromagnetic Waves, 2020),  IET
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Dosimetry

Khadir Fall, A. et al.  (2020), Exposure Assessment in Millimeter -Wave Reverberation Chamber Using Murine Phantoms. Bioelectromagnetics , 41: 121-135

(1D)
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Dosimetry

Khadir Fall, A. et al.  (2020), Exposure Assessment in Millimeter -Wave Reverberation Chamber Using Murine Phantoms. Bioelectromagnetics , 41: 121-135

Complex permittivity (phantom)
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Backscattering measurements

Target

VNA

Stirrer

Antenna

1 2

Multiple paths

LOS path extraction ?

Mechanical 
stirrer

Homogeneous and uniform 
field
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Backscattering measurements

Mesuredansla chambreà vide (sans la cible): Mesuredans la chambre chargée (avec la cible):

ὛὪȟ‌ Ὓ Ὢ ρ Ὓ Ὢ – ὌὪȟ‌ Ὤ Ὢȟ‌ Ὓ Ὢȟ‌ ȟ— Ὓ Ὢ #όὪύ Ὢȟ— ρ Ὓ Ὢ – Ὄ Ὢȟ‌ ȟ— Ὤ Ὢȟ‌

Espace libre Rétrodiffusion 
CRBM

Espace libre Rétrodiffusion 
CRBM

Onde balistique

SER

Réflexions 
spéculaires

Réflexions 
spéculaires

#Ὢ
Ὃ Ὢʇ

τ“ȾὙ
ρ Ὓ Ὢ

A. Reis et al., "Radar Cross Section Pattern Measurements in a Mode-Stirred Reverberation Chamber: Theory and 
Experiments," in IEEE Transactions on Antennas and Propagation, vol. 69, no. 9, pp. 5942-5952, Sept. 2021.
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Backscattering measurements

Ὓ Ὢȟ‌ ȟ— ὛὪȟ‌ ρ Ὓ Ὢ – Ὄ Ὢȟ‌ ȟ— ὌὪȟ‌ „ Ὢȟ— #όὪύ ὩὼὴὮς“Ὢ
ςὙ

ὧ
‰

Rétrodiffusion CRBM Amplitude onde balistiqueSER

ü 9ȄǘǊŀŎǘƛƻƴ ǇǊŞŎƛǎŜ ŘŜ ƭΩŀƳǇƭƛǘǳŘŜ

ü Déduire la SER
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Backscattering measurements



2626

Backscattering measurements

Recent improvements

Quasi-monostatic  configuration (no stirring)

Distance
+

Amplitude

Charlo, C., Méric, S., Sarrazin, F., Richalot, E., Sol, J., & Besnier, P. (2023). Advanced Analysis of Radar Cross-Section Measurements in Reverberation Environment. https://arxiv.org/abs/2303.08751
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Backscattering measurements

Measurements with two loads  L1 and L2:

Ὓ Ὓ ρ Ὓ –Ὄ  # „ „ ɇɜ

Ὓ Ὓ ρ Ὓ –Ὄ  # „ „ ɇɜ

Ὓ Ὓ = ρ Ὓ –(Ὄ Ὄ )+ C „ ɇ(ɜ -ɜ )

Antenna radar cross-section Ą Antenna pattern ?

„ „ „

Radiating mode

„ „ ɇɜ
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Backscattering measurements

Ὓ Ὓ ρ Ὓ – Ὄ Ὄ ὅ „ ɜ ɜ Ὡὼὴ

Ў „ ὩὼὴὮς“Ὢ
ςὙ

ὧ
ὲέὭίὩ
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72 stirring  positions 
+ 

sinusoidal regression
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Backscattering measurements

Validation ESYCOM RC 19 m3
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Fréquency: [6-7] GHz Fréquency: [3-4] GHz

Gain pattern at 6.5 GHz

[5] A. Reis, F. Sarrazin, P. Besnier, P. Pouliguen and E. Richalot, "Contactless Antenna Gain Pattern Estimation From Backscattering Coefficient Measurement Performed Within a 
Reverberation Chamber," in IEEE Transactions on Antennas and Propagation, vol. 70, no. 3, pp. 2318-2321, March 2022, doi: 10.1109/TAP.2021.3111184.
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Focalization

Focalization upon detection of the modification of the backscattered field 
(opérateur de Wigner-Smith généralisé)

Connection

01

0ς

0υ

06

0σ

0τ

Récepteur

CR

ARV

Chambre Réverbérante (CR )

06
υπɱ
ὅὕ

Å Impedance modification: 61!ø (Ὓ) and  CO (Ὓ) Č ὗ ὭὛ Ὓ Ὓ
Å Diagonalization of ὗČ ή with the highest ȿʇȿ -> Most sensitive to the change
Å Injection de  ή  ̆ !mǃˡnjttjpo!Č focalisation
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Focalization

Continuous waves (frequency domain)

Åὣ ‫ ‪ ‫ὸ‫ Ὕ , PHASE CONJUGATION

Åὣ ‫ ‪ ‫Ὕ‫ , avec ‪ ήȠ WSG FOCALIZATION



3232

Focalization (time domain, in situ)

06

FPGA

AD
C

DA
C

K. B. Yeo, C. Leconte, P. del Hougne, P. Besnier and M. Davy, "Time Reversal Communications With Channel State Information Estimated From Impedance Modulation atthe Receiver," in IEEE Access, vol. 10, 
pp. 91119-91126, 2022


