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Sensor array imaging

e Sensor array imaging (echography in medical imaging, sonar, non-destructive
testing, seismic exploration, radar, etc) has two steps:

- data acquisition: an unknown medium is probed with waves; waves are
emitted by a source (or a source array) and recorded by a receiver array.

- data processing: the recorded signals are processed to identify the quantities

of interest (reflector locations, etc).

e Example:

Ultrasound echography

e Standard imaging techniques require:

- good receivers,

- suitable conditions for wave propagation (ideally, the “target” is embedded in
a homogeneous medium),

- controlled and known sources.



Sensor array imaging

e Goal: Propose and study imaging techniques that are robust with respect to:
- measurement noise,
- the complexity of the medium (heterogeneous medium),

- the control and the knowledge of the sources.

e More generally: resolution of ill-posed inverse problems.

— Introduce probabilistic and statistical techniques:
- Bayesian analysis,

- Random matrix theory,

- Spectral theory for stationary processes,

- (Gaussian processes.



Application 1: Ultrasound echography in concrete
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Application 1: Ultrasound echography in concrete
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Application 1: Ultrasound echography in concrete
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Theory: Cross correlation of signals transmitted by noise sources

piece of signal recorded at x
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Numerical simulation of wave propagation

with many noise sources (o) and two receivers at © and y (A)

How to extract information from the recorded signals u,(t) and wuy(t) 7

These signals are just noise !



Theory: Cross correlation of signals transmitted by noise sources

piece of signal recorded at x
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Numerical simulation of wave propagation

with many noise sources (o) and two receivers at © and y (A)

— Compute the cross Co%relation of the recorded signals

CLy® = 7 [ us(o)uys +0)ds

0
and extract the travel time between the receivers at  and y.
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Application 2:

U RN L SLe Al Sl o e

T A e

R A .i\ﬁq\t ?‘H | \ i‘*‘;‘"!lk

S AR ST S A T N R

\ R ﬁ“;*i AR (&
g lh Ilb I!{;.;-’ Pt | 4
iy 3 AN

¥ . S
Wi f ‘. ;"I'*"‘ 4%

N-: ’L! ‘_'ﬁf‘\ ‘L\§

QTSR \} N

"' BINTEN (b
B |

235 240 245
Longitude (degrees)

Travel time estimation

Seismic interferometry
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Application 2: Seismic interferometry
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