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Purpose : Auditory diffusion in an MR scanner

• Human Primate

– Auditory stimulation – Functional tasks 

– Communication with the participant

– Relax the participant (music, film)

– Active Noise Cancelling (ANC)



Purpose : Auditory diffusion in an MR scanner

• Non-Human Primate : Auditory stimulation

– Separate HP / NHP devices

– Difficulty to use ear plugs 

– Dedicated system

– Big challenge for Marseille (f)MRI Primate Community



Purpose : Constraints

• Protect the participant ear

• Play a sound that may contain frequencies close to EPI 

noise

• Ensure a minimum level of comfort



About Sound : Production

• Principle : Mechanical wave propagating in a medium

• The wave is generated by a (bio-) 
mechanical vibrating component 

• The characteristics of the medium 
(density, confinement, shape, 
temperature, pressure, etc.) affect 
sound



About Sound : Production

• Propagation of energy ≠ Propagation of medium



About Sound : Production

• Propagation media
– Air / Gas

– Water / Liquid

– Metal / Solid

Medium vw(m/s)

Gases at   0º𝐶

Air 331

Carbon dioxide 259

Oxygen 316

Helium 965

Hydrogen 1290

Liquids   at 20º𝐶

Ethanol 1160

Mercury 1450

Water, fresh 1480

Sea water 1540

Human tissue 1540

Solids   (longitudinal or 

bulk)

Vulcanized rubber 54

Polyethylene 920

Marble 3810

Glass, Pyrex 5640

Lead 1960

Aluminum 5120

Steel 5960

• Propagation way
• Modulation
• Acoustic impedance
• Articulation process



About son : Perception

• Perception: the wave (pressure fluctuations) induces a 

(bio-)mechanical receptor to vibrate 

• A (biomechanical) conditioning system amplifies and 
transfers the vibration

• Vibration is converted into a signal (information)



About sound : Perception



History and State of the Art

• Bruker 3T – 2 channels headcoil
– Casque pneumatique

– Casque électrodynamique

• Siemens PRISMA 3T – Antenne 20 ou 64 canaux
– Inserts auditifs Sensimetrics S14
– System OptoActive d’OptoAcoustics
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History and State of the Art

• Bruker 3T – 2 channels headcoil
– Piezoelectric headset
– Casque pneumatique

– Casque électrodynamique

• Siemens PRISMA 3T – Antenne 20 ou 64 canaux
– Inserts auditifs Sensimetrics S14
– System OptoActive d’OptoAcoustics

Principle: Based on the ionic structure of 
the medium (crystal, ceramic)

Electricaly balanced at « default state »

Unbalanced when distorted

Creation of electrical potential





History and State of the Art

• Bruker 3T – 2 channels headcoil
– Piezoelectric headset
– Pneumatic Headset

– Casque électrodynamique

• Siemens PRISMA 3T – Antenne 20 ou 64 canaux
– Inserts auditifs Sensimetrics S14
– System OptoActive d’OptoAcoustics

Principle: Transporting the sound 
generated by a ‘large’ loudspeaker to the 
subject’s ears via a pipe system

Beware !!!!

- Pressure level near the tympanum
- Acoustic impedance



History and State of the Art

• Bruker 3T – 2 channels headcoil
– Piezoelectric headset
– Pneumatic Headset
– MR Confon electrodynamic sytem

– Casque électrodynamique

Principle: Classical headphones ... without 
magnet

The headset coil is moving using the MR 
magnet field

Only usable in an MR scanner 

Big size anyway
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History and State of the Art

• Bruker 3T – 2 channels headcoil
– Piezoelectric headset
– Pneumatic Headset
– MR Confon electrodynamic sytem

• Siemens PRISMA 3T – 20 / 64 channels headcoil
– Sensimetrics S14 hearplugs
– OptoActive by OptoAcoustics



Why a new system ?

• « Old headsets » : Mostly a size problem

• Sensimetrics S14 : 
– Sometimes painful
– Sometimes not properly fitted

• OptoActive : 
– ANC only working during EPI runs
– Used with passive earplugs : less sound heard

• Acoustic stimulation on NHP 



Way to bone conduction

• Romain POOS

• Engineer apprentice, Computer & Instrumentation





Bone conduction
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Mechanical encapsulation

• New Design (Xavier Degiovanni)

• Specific work on the vibrator/skin interface



Ergonomy

• New Design (Xavier Degiovanni)



Acoustic validation

Principle

• Generation of a frequency 
variation signal (chirp)

• Vibration power spectrum 
analysis
– Accelerometer
– Dedicated acquisition & 

processing software



Acoustic validation

Results

• Time frequency analysis

• Spectral response





FMRI pilot – Voice Localizer
Subject 1 Subject 2



FMRI pilot – Voice Localizer

Subject 1 Subject 2



Buzzer piezo position - Session 2 (with earplugs)
No activation



Buzzer piezo position - Session 3 (no earplugs)



all 16 runs - session 3
5 10

3 5macaque vs. non vocal

sound vs. silence

L L

R R

Buzzer piezo position - Session 3 (no earplugs)



PI Piezo position - Session 4 (with earplugs)



all 27 runs - session 4
5 10

3 5macaque vs. non vocal

sound vs. silence

L L

R R

PI Piezo position - Session 4 (with earplugs)



Conclusion

Psychophysical validation

• Audiogram task (frequencies detection / recognition)

• Minimal pairs task (phonetic perception) 

• Test influence of position on skull

• Spectral normalization

• Link to ear protection plugs



Perspectives

• Audio 

– Stereo (& more ?) system (to be tested)

– Head free system (coil mechanical vibration)

• Other applications

– Tactile stimulations

– Vestibular stimulation

– …
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