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Magnetoencephalography!

Neural processing of speech 
and complex auditory streams

Jonathan Z. Simon

Advanced Neuroimaging

Neural Un-Mixing of 
Speech

Neurally Inspired Algorithms

620 J. Simon, D. Depireux, D. Klein, J. Fritz, and S. Shamma
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Figure 11: Schematics depicting models that are more complex. (a) Using the
output of a temporally symmetric (TS) neuron as sole input to another neuron
results in a temporally symmetric (TS) neuron (see equation 3.17). (b) Feedback
from such a temporally symmetric neuron whose sole source is the first tem-
porally symmetric neuron is still self-consistently temporally symmetric (see
equation 3.19). (c) Multiple examples of feedback and feedforward: The initial
neuron TS 1 provides temporal symmetry to all other neurons in the network
due to its role as sole input for the network. All other neurons inherit the tempo-
ral symmetry, and the feedback is also self-consistently temporally symmetric.

feedback:

hTS
1 (t, x) =

(
M∑

m=1

(kAm (t)gCm (x)) +
N∑

n=1

(
kθn

An
(t)gDn (x)

))

∗ kA(t) + hTS
2 (t, x)

hTS
2 (t, x) = hTS

1 (t, x) ∗ k2(t). (3.19)

Neural Modeling!

Neural Signal Processing!



Magnetoencephalography
• Non-invasive, Passive, Silent 

Neural Recordings

• Simultaneous Whole-Head 
Recording (~200 sensors)

• Sensitivity
• high:  ~100 fT (10–13 Tesla)
• low:  ~104 – ~106 neurons

• Temporal Resolution: ~1 ms

• Spatial Resolution
• coarse: ~1 cm
• ambiguous      



• Neural signals 
= spikes in voltage

• Spikes are “all-or-none”

• Digital in amplitude

• Asynchronous in time

• Neural Input ≈ current

Universal Neural Code

Photo by Fritz Goro 
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Origin of MEG Neural Signal

Photo by Fritz Goro 

Dendritic current
– not axonal currents

Primary current
– not return currents



Functional Brain 
Imaging
= Non-invasive 
recording from 
human brain
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Functional Brain Imaging

fMRI & MEG can 
capture effects in single 

subjects
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Magnetic Field Strengths

Earth’s field

Urban noise

Contamination at lung

Heart QRS

Fetal heart
Muscle
Spontaneous signal (α-wave)

Signal from retina
Evoked signal

Intrinsic noise of SQUID
Biomagnetic Signals



SQUIDs

Superconductivity

➔ Magnetic flux 
quantization

➔ Josephson Effect

➔ SQUID = 
Superconducting 
Quantum Interference 
Device 



MEG SQUIDs

SQUID
Magnetometer

SQUID
Gradiometers

Noise reduction from
Differential measurement

Planar Gradiometer Axial Gradiometer

5 cm
baseline



Neural Signals & MEG

tissue

CSF

skull

scalp
B

MEG

V
EEG

recording
surface

current
flow

orientation
of magnetic
field

Magnetic
Dipolar
Field

Projection

•Direct electrophysiological measurement
•not hemodynamic
•real-time

•No unique solution for distributed source

Photo by Fritz Goro 

•Measures spatially synchronized 
cortical activity

•Fine temporal resolution (~ 1 ms)
•Moderate spatial resolution (~ 1 cm)



MEG Auditory Field
Flattened Isofield Contour Map

Instantaneous
Magnetic
Field Sink Source

40 fT/step t = 98 ms



MEG Auditory Field
3-D Isofield Contour Map

Sagittal View Axial View

Chait, Poeppel and Simon, Cerebral Cortex (2006)



Time Course of MEG 
Pure Tone

Broadband Noise

Auditory Evoked Responses

• MEG Response Patterns Time-Locked to 
Stimulus Events

• Robust

• Strongly Lateralized

Auditory Induced Responses

• MEG Response Patterns not Time-Locked to Stimulus Events

• Can be larger than Evoked Responses but cannot be averaged directly
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Phase-Locking in MEG to 
Slow Acoustic Modulations

Ding & Simon, J Neurophysiol (2009)
Wang et al., J Neurophysiol (2012)

AM  at  3  Hz   3  Hz  phase-locked  response  

response  spectrum  (subject  R0747)  

MEG activity is precisely 
phase-locked to temporal 
modulations of sound
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MEG Fourier Phase Analysis

Frequency Response to 32 Hz 
Amplitude Modulation

0 30 60

PS
D

PS
D

32 3331

frequency (Hz)

frequency (Hz)

400 Hz tone carrier
100 trials @ 1 s
  (concatenated) 

Phasor Isofield Contour Map

f = 32 Hz

Simon and Wang, J. Neurosci. Methods (2005)



Neural Source Localization

• No Unique Solution from Magnetic Field 
Configuration to Neural Current Distribution 
(“Inverse Problem”)

• Several Widely Used Methods

• Equivalent-Current Dipoles

• Minimum Norm Estimation & variants

• Beamforming & variants

• Others



• Equivalent-Current Dipoles

• How Many?

• Non-intuitive side effects

• Minimum Norm vs. Beamforming 

• Each “side” can easily produce datasets that show 
misleading results from using other method

• Recommended Tutorial

• Lütkenhöner & Mosher in “Auditory Evoked 
Potentials” by Burkard et al.

•

Neural Source Troubles



• All of the major methods are good

• Can give physiologically plausible result

• Can give “correct/true” result

• Any might also get you into trouble

• Each has weaknesses & blind spots

Neural Source Solutions?



EEG
• High temporal resolution

• Room temperature

• Inexpensive

• Slow, careful set-up

• Electric fields strongly distorted 

• Brain = inhomogeneous anisotropic dielectric
• Poor spatial neural reconstruction unless 

distortions carefully modeled
• Inverse problem: worse? better?

• Complementary with MEG



MEG Usage Examples



Selective Neural Encoding



Single Trial Speech 
Reconstruction

Ding & Simon, PNAS (2012)



Thank You
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