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2

amplitude

time of flight

front

front
object

back 
object

back multiples



Breast ultrasound – Siemens Acuson
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Two Media - Boundary Conditions
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Consider a plane wave traveling in the (𝑥𝑥, 𝑦𝑦)−plane
with wave vector 𝑘̱𝑘1, with velocity 𝑐𝑐1: �𝑝𝑝1(𝑟̱𝑟, 𝜔𝜔) = 𝐼𝐼(𝜔𝜔)𝑒𝑒−𝑖𝑖𝑘̱𝑘1⋅𝑟̱𝑟

If the field meets a boundary between two media
with different speed of sound,
part of the field will be reflected: �𝑝𝑝′1(𝑟̱𝑟, 𝜔𝜔) = 𝑅𝑅(𝜔𝜔)𝑒𝑒−𝑖𝑖𝑖𝑖𝑠̱𝑠′1⋅𝑟̱𝑟 ,
and part of field will be refracted: �𝑝𝑝2(𝑟̱𝑟, 𝜔𝜔) = 𝑇𝑇(𝜔𝜔)𝑒𝑒−𝑖𝑖𝑖𝑖𝑠̱𝑠2⋅𝑟̱𝑟 .

At 𝑦𝑦 = 0, the following boundary conditions apply:
1) continuity of pressure: �𝑝𝑝1 + �𝑝𝑝′1 = �𝑝𝑝2 ;
2) continuity of normal component of the particle
velocity: 𝑣𝑣1

⊥ +  𝑣𝑣′1⊥ = 𝑣𝑣2
⊥ .

c1    c2

k1

k’1
k2

y

x

𝜌𝜌0𝑐𝑐 ≡ 𝑍𝑍

 𝑅𝑅 =
𝑍𝑍2 cos 𝜗𝜗1 − 𝑍𝑍1 cos 𝜗𝜗2

𝑍𝑍2 cos 𝜗𝜗1 + 𝑍𝑍1 cos 𝜗𝜗2

 𝑇𝑇 =
2𝑍𝑍2 cos 𝜗𝜗1

𝑍𝑍2 cos 𝜗𝜗1 + 𝑍𝑍1 cos 𝜗𝜗2



Reflectivity versus quantitative imaging
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Heterogeneous media – field equations
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Combining the above field equations yields the wave equation

∇2𝑝𝑝 𝑟̱𝑟, 𝑡𝑡 −
1
𝑐𝑐0

2 𝜕𝜕𝑡𝑡
2𝑝𝑝 𝑟̱𝑟, 𝑡𝑡 = − 𝜌𝜌0𝜕𝜕𝑡𝑡𝑞𝑞 𝑟̱𝑟, 𝑡𝑡 − ∇ ⋅ 𝑓̱𝑓(𝑟̱𝑟, 𝑡𝑡)

𝑆𝑆𝑝𝑝𝑝𝑝 𝑟̱𝑟,𝑡𝑡

− 𝜌𝜌0 𝜅𝜅0 − 𝜅𝜅 𝑟̱𝑟 𝜕𝜕𝑡𝑡
2𝑝𝑝(𝑟̱𝑟, 𝑡𝑡) − ∇ 𝜌𝜌0 − 𝜌𝜌 𝑟̱𝑟 𝜕𝜕𝑡𝑡𝑣̱𝑣 𝑟̱𝑟, 𝑡𝑡

𝑆𝑆𝑐𝑐𝑐𝑐 𝑟̱𝑟,𝑡𝑡
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Acoustic wave equation – forward problem
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Wave equation: ∇2𝑝𝑝(𝑥⃗𝑥, 𝑡𝑡) −
1

𝑐𝑐2(𝑥⃗𝑥)
𝜕𝜕𝑡𝑡

2𝑝𝑝(𝑥⃗𝑥, 𝑡𝑡) = −𝑆𝑆𝑝𝑝𝑝𝑝(𝑥⃗𝑥, 𝑡𝑡)

Integral equation:

𝑝𝑝(𝑥⃗𝑥) = 𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖(𝑥⃗𝑥) − 𝜔𝜔2 �𝐺𝐺 (𝑥⃗𝑥 − 𝑥⃗𝑥′) 𝜒𝜒(𝑥⃗𝑥′) 𝑝𝑝(𝑥⃗𝑥′) d𝑉𝑉(𝑥⃗𝑥′) with 𝐺𝐺(𝑥⃗𝑥) =
𝑒𝑒−𝑖𝑖𝑖𝑖|𝑥⃗𝑥|

4𝜋𝜋|𝑥⃗𝑥|

Helmholtz equation: ∇2𝑝𝑝(𝑥⃗𝑥) +
𝜔𝜔2

𝑐𝑐𝑏𝑏𝑏𝑏
2 𝑝𝑝(𝑥⃗𝑥) = −𝑆𝑆𝑝𝑝𝑝𝑝(𝑥⃗𝑥) + 𝜔𝜔2 1

𝑐𝑐𝑏𝑏𝑏𝑏
2 −

1
𝑐𝑐2(𝑥⃗𝑥)

=𝜒𝜒(𝑥⃗𝑥)

𝑝𝑝(𝑥⃗𝑥)

Parabolic approximation:
𝑝𝑝(𝑘𝑘𝑥𝑥 , 𝑘𝑘𝑦𝑦 , 𝑧𝑧0 + Δ) = 𝑝𝑝(𝑘𝑘𝑥𝑥 , 𝑘𝑘𝑦𝑦 , 𝑧𝑧0) 𝑒𝑒−𝑖𝑖𝑘𝑘𝑧𝑧Δ with 𝑘𝑘𝑧𝑧 = 𝑘𝑘𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 + (𝑘𝑘𝑥𝑥

2 + 𝑘𝑘𝑦𝑦
2)/2𝑘𝑘𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

Born approx.:  p  pinc

Radon transform: Δ𝑡𝑡𝛽𝛽(𝛾𝛾) = �
1

𝑐𝑐(𝑥⃗𝑥)
ds⃗(𝑥⃗𝑥)



Breast Ultrasound
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Forward versus Inverse Problem
• Incident, scattered and total field
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( ) ( )ˆ ˆ, ,tot incp r p rω ω=

( )ˆ ,srcq r ω

( )ˆ ,sctp r ω

( )ˆ ,incp r ω

SOURCE RECEIVER
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Breast ultrasound
Synthetic data obtained by solving forward problem for each source.

February 25, 2013 11
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Inverse radon
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Inverse radon
• Bezier Curves: B(t)=(1-t)2P0+2t(1-t)P1+t2P2

• MUBI system
• >3MHz 
• NSrc/Rec = N x 128

13

M. Perez-Liva, et al, “Real-Time Ultrasound Transmission 
Tomography based on Bézier Curves”, Speyer 2017
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Parabolic approximation (QT Ultrasound)

•  
• Solution based on CG
• Out of plane scattering
• 3D formulation (with parts in 2D?)

14

MRI

US

Wiskin et al. “3-D Nonlinear Acoustic Inverse Scattering: 
Algorithm and Quantitative Results”, IEEE Trans. UFFC 2017.

0 0( , , ) ( , , ) zik
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Breast ultrasound
Synthetic data obtained by solving forward problem for each source.

February 25, 2013 15
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Imaging: SAFT / SAR / DAS
Synthetic Aperture Focusing Technique 
Synthetic Aperture Radar
Delay and Sum



SAFT

November 2, 2017

17

SoS

Attenuation

Saft (MUBI-system)

N.V. Ruiter, et. al. “The USCT reference database”, Speyer (2017)
N.V. Ruiter, et. al. “Fast reflectivity imaging in 3D using SAFT”, Speyer (2017)

SAFT 
USCT



Acoustic wave equation based inversion
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Wave equation:

∇2𝑝𝑝(𝑥⃗𝑥, 𝑡𝑡) −
1

𝑐𝑐2(𝑥⃗𝑥)
𝜕𝜕𝑡𝑡

2𝑝𝑝(𝑥⃗𝑥, 𝑡𝑡) = −𝑆𝑆𝑝𝑝𝑝𝑝(𝑥⃗𝑥, 𝑡𝑡)

Helmholtz equation:

∇2𝑝𝑝(𝑥⃗𝑥) +
𝜔𝜔2

𝑐𝑐𝑏𝑏𝑏𝑏
2 𝑝𝑝(𝑥⃗𝑥) = −𝑆𝑆𝑝𝑝𝑝𝑝(𝑥⃗𝑥) + 𝜔𝜔2 1

𝑐𝑐𝑏𝑏𝑏𝑏
2 −

1
𝑐𝑐2(𝑥⃗𝑥)

=𝜒𝜒(𝑥⃗𝑥)

𝑝𝑝(𝑥⃗𝑥)



Inverse problem  –  Born inversion
                                  (linearized inversion)
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𝑝𝑝(𝑥⃗𝑥) = 𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖(𝑥⃗𝑥) − 𝜔𝜔2 �𝐺𝐺 (𝑥⃗𝑥 − 𝑥⃗𝑥′) 𝜒𝜒(𝑥⃗𝑥′) 𝑝𝑝(𝑥⃗𝑥′) d𝑉𝑉(𝑥⃗𝑥′)

Born Approximation:

𝑝𝑝(𝑥⃗𝑥) = 𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖(𝑥⃗𝑥) − 𝜔𝜔2 �𝐺𝐺 (𝑥⃗𝑥 − 𝑥⃗𝑥′) 𝜒𝜒(𝑥⃗𝑥′) 𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖(𝑥⃗𝑥′) d𝑉𝑉(𝑥⃗𝑥′)

𝑝𝑝 − 𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖 = −𝜔𝜔2𝐺𝐺 ∗ [𝜒𝜒𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖] (b=Ax) Conjuge gradient scheme

𝑟𝑟𝑛𝑛 = 𝑝𝑝𝑠𝑠𝑠𝑠𝑠𝑠 − 𝜔𝜔2𝐺𝐺 ∗ [𝜒𝜒𝑛𝑛𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖]
𝜒𝜒𝑛𝑛 = 𝜒𝜒𝑛𝑛−1 + 𝑑𝑑𝑛𝑛



Linear or Born Inversion
Linear Inversion is an unstable process due to the Born-approximation.

20



Breast ultrasound

February 25, 2013

21

Speed of 
sound profile

Snapshot of 
incident field

Snapshot of 
total field

A-scan of 
incident field

A-scan of 
total field

Ring with 
receivers

Primary &
Multiple 

Scattering



Wave equation
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FWI
0.5 MHz

Bent ray
tomography

FWI (fmin=0.8 MHz)
(input: TOFT)

FWI (fmin=0.8 MHz)
(input: TOFT)

Agudo, et al, “3D imaging of the breast using FWI”, Speyer (2017)

• 2-D inversion
    (3D too expensive)

• CURE system
    (Karmanos Cancer Institute)

∇2𝑝𝑝(𝑥⃗𝑥, 𝑡𝑡) −
1

𝑐𝑐2(𝑥⃗𝑥)
𝜕𝜕𝑡𝑡

2𝑝𝑝(𝑥⃗𝑥, 𝑡𝑡)

= −𝑆𝑆𝑝𝑝𝑝𝑝(𝑥⃗𝑥, 𝑡𝑡)



Inverse problem  –  non-linear inversion
(full-waveform inversion – FWI – contrast source inversion – CSI )
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𝑝𝑝(𝑥⃗𝑥) = 𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖(𝑥⃗𝑥) − 𝜔𝜔2 �𝐺𝐺 (𝑥⃗𝑥 − 𝑥⃗𝑥′) 𝜒𝜒(𝑥⃗𝑥′) 𝑝𝑝(𝑥⃗𝑥′) d𝑉𝑉(𝑥⃗𝑥′)

Born Approximation:

𝑝𝑝(𝑥⃗𝑥) = 𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖(𝑥⃗𝑥) − 𝜔𝜔2 �𝐺𝐺 (𝑥⃗𝑥 − 𝑥⃗𝑥′) 𝜒𝜒(𝑥⃗𝑥′) 𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖(𝑥⃗𝑥′) d𝑉𝑉(𝑥⃗𝑥′)

Full non−linear inversion:

𝑝𝑝(𝑥⃗𝑥) = 𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖(𝑥⃗𝑥) − 𝜔𝜔2 �𝐺𝐺 (𝑥⃗𝑥 − 𝑥⃗𝑥′) 𝑤𝑤(𝑥⃗𝑥′) d𝑉𝑉(𝑥⃗𝑥′) 𝑝𝑝𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖 − 𝜔𝜔2𝐺𝐺 ∗ 𝑤𝑤

𝑤𝑤(𝑥⃗𝑥′) = 𝜒𝜒(𝑥⃗𝑥′)𝑝𝑝(𝑥⃗𝑥′) 𝑤𝑤 = 𝜒𝜒𝑝𝑝𝑡𝑡𝑡𝑡𝑡𝑡

𝐸𝐸𝐸𝐸𝑟𝑟𝑛𝑛 =
𝑝𝑝 − 𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖 − 𝜔𝜔2𝐺𝐺 ∗ 𝑤𝑤𝑛𝑛

2

𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖 2 +
𝑤𝑤𝑛𝑛 − 𝜒𝜒𝑛𝑛−1 𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖 − 𝜔𝜔2𝐺𝐺 ∗ 𝑤𝑤𝑛𝑛

2

𝜒𝜒𝑛𝑛−1𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖 2



Non-Linear Inversion
• Non-linear Inversion is a stable process as it uses the full wave equation.

24



Non-linear inversion

25

𝑝𝑝𝑡𝑡𝑡𝑡𝑡𝑡(𝑟𝑟) = 𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖(𝑟𝑟) − �𝐺𝐺 (𝑟𝑟 − 𝑟𝑟′) 𝜔𝜔2𝜒𝜒(𝑟𝑟′) 𝑝𝑝𝑡𝑡𝑡𝑡𝑡𝑡(𝑟𝑟′) d𝑉𝑉

Born Approximation:

�𝑝𝑝𝑡𝑡𝑡𝑡𝑡𝑡(𝑟𝑟) = �𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖(𝑟𝑟) − 𝜔𝜔2 � �𝐺𝐺 (𝑟𝑟 − 𝑟𝑟′) 𝜒𝜒(𝑟𝑟′) �𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖(𝑟𝑟′) d𝑉𝑉

Full non−linear inversion:

�𝑝𝑝𝑡𝑡𝑡𝑡𝑡𝑡(𝑟𝑟) = �𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖(𝑟𝑟) − 𝜔𝜔2 � �𝐺𝐺 (𝑟𝑟 − 𝑟𝑟′) �𝑤𝑤(𝑟𝑟′) d𝑉𝑉 𝑝𝑝𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖 − 𝐺𝐺 ∗ 𝑤𝑤

�𝑤𝑤(𝑟𝑟′) = 𝜒𝜒(𝑟𝑟′) �𝑝𝑝𝑡𝑡𝑡𝑡𝑡𝑡(𝑟𝑟′) 𝑤𝑤 = 𝜒𝜒𝑝𝑝𝑡𝑡𝑡𝑡𝑡𝑡

𝐸𝐸𝐸𝐸𝑟𝑟(𝑛𝑛) =
𝑝𝑝𝑡𝑡𝑡𝑡𝑡𝑡 − 𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖 + 𝐺𝐺 ∗ 𝑤𝑤(𝑛𝑛)

𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖 +
𝑤𝑤(𝑛𝑛) − 𝜒𝜒(𝑛𝑛−1) 𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖 − 𝐺𝐺 ∗ 𝑤𝑤(𝑛𝑛)

𝜒𝜒(𝑛𝑛−1)𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖

Regularization
- Total Variation 
- sparsity

- w

- χ

[                      ]+(…)
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Frequency versus time domain
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domain



Transcranial Ultrasound

28



Imaging other body parts

• State of the art: 3-D FWI of breasts and other body parts 
as well the earth.

29

3D rendering of the SOS reconstruction of the human 
knee. 

Wiskin, et al. ”Full wave 3D inverse scattering transmission ultrasound
tomography in the presence of high contrast,” Sci Rep 10, 20166 (2020)



Whole body imaging

• Anatomical correlation of pig abdomen

30

Wiskin et al., “Whole-Body Imaging Using Low Frequency Transmission Ultrasound, Academic Radiology (2023)



Machine learning for tissue classification

31

B. Malik, et al. "Objective breast tissue image classification using
Quantitative Transmission ultrasound tomography," Scientific Reports, 2016

• QT Ultrasound
- Based on 13 breasts
- Tissue parameters only (?)

• Problems will occur to apply 
    method to different systems

• Delphinus: 
Tissue parameters and 
Texture.



Machine learning for inversion
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On synthetic data

On real data

Zhao et al 2023, “Simulation-to-real generalization for deep-learning-based refraction-corrected 
ultrasound tomography image reconstruction,” Phys. Med. Biol. 68 (2023)



Redatuming

• Computational load FWI is major downside.

• In seismics, Rayleigh II is used to propagate the wave 
field downwards. Not feasible for curved surfaces.

• Kirchhoff would work on curved surface … but requires 
knowledge of both the pressure field and the velocity field!

• => Solution: Describe measurements using Hankel 
functions.

33
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∇2 −
𝜔𝜔2

𝑐𝑐2 𝑝̂𝑝 𝑥𝑥, 𝑦𝑦, 𝜔𝜔 = 𝑟𝑟2𝜕𝜕𝑟𝑟
2 + 𝑟𝑟𝜕𝜕𝑟𝑟 + 𝜕𝜕𝜙𝜙

2 + 𝑟𝑟2 𝜔𝜔2

𝑐𝑐2 𝑝̂𝑝 𝑟𝑟, 𝜙𝜙, 𝜔𝜔 = 0

𝑝̂𝑝 𝑟𝑟, 𝜙𝜙, 𝜔𝜔 = Γ 𝑟𝑟, 𝜔𝜔 Φ 𝜙𝜙

Φ𝑛𝑛 𝜙𝜙 = 𝑎𝑎𝑛𝑛𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖 with  𝑛𝑛 ∈ ℤ

𝑟𝑟2𝜕𝜕𝑟𝑟
2 + 𝑟𝑟𝜕𝜕𝑟𝑟 + 𝑟𝑟2 𝜔𝜔2

𝑐𝑐2 − 𝑛𝑛2  Γ𝑛𝑛 𝑟𝑟, 𝜔𝜔 = 0

Γ𝑛𝑛 𝑟𝑟, 𝜔𝜔 = 𝑏𝑏𝑛𝑛,1 𝜔𝜔 𝐻𝐻𝑛𝑛
1 𝜔𝜔𝜔𝜔

𝑐𝑐
+ 𝑏𝑏𝑛𝑛,2 𝜔𝜔 𝐻𝐻𝑛𝑛

1 𝜔𝜔𝜔𝜔
𝑐𝑐

𝑝𝑝𝑛𝑛 𝑟𝑟, 𝜙𝜙 = 𝑎𝑎𝑛𝑛𝐻𝐻𝑛𝑛
1 𝜔𝜔𝜔𝜔

𝑐𝑐
 𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖
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Redatuming
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Redatuming
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Contrast Source 
inversion



Introduction
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Field radiated by a point source / acoustic monopole [1]

[1] http://resource.isvr.soton.ac.uk/spcg/tutorial/tutorial/Tutorial_files/Web-basics-pointsources.htm



Heterogeneous media – field equations
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Combining the above field equations yields the wave equation

∇2𝑝𝑝 𝑟̱𝑟, 𝑡𝑡 −
1
𝑐𝑐0

2 𝜕𝜕𝑡𝑡
2𝑝𝑝 𝑟̱𝑟, 𝑡𝑡 = − 𝜌𝜌0𝜕𝜕𝑡𝑡𝑞𝑞 𝑟̱𝑟, 𝑡𝑡 − ∇ ⋅ 𝑓̱𝑓(𝑟̱𝑟, 𝑡𝑡)

𝑆𝑆𝑝𝑝𝑝𝑝 𝑟̱𝑟,𝑡𝑡

− 𝜌𝜌0 𝜅𝜅0 − 𝜅𝜅 𝑟̱𝑟 𝜕𝜕𝑡𝑡
2𝑝𝑝(𝑟̱𝑟, 𝑡𝑡) − ∇ 𝜌𝜌0 − 𝜌𝜌 𝑟̱𝑟 𝜕𝜕𝑡𝑡𝑣̱𝑣 𝑟̱𝑟, 𝑡𝑡

𝑆𝑆𝑐𝑐𝑐𝑐 𝑟̱𝑟,𝑡𝑡
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𝑝̂𝑝𝑠𝑠𝑠𝑠𝑠𝑠 x =
𝜔𝜔2

𝑐𝑐0
2 �

x′∈𝔻𝔻

�𝐺𝐺 x − x′ 𝜒𝜒𝜅𝜅 x′ 𝑝̂𝑝tot x′ 𝑑𝑑𝑑𝑑 x′

                             + 𝑖𝑖𝑖𝑖𝜌𝜌0∇ ⋅ ∫x′∈𝔻𝔻
�𝐺𝐺 x − x′ 𝜒𝜒𝜌𝜌 x′ 𝑣⃗𝑣tot x′ 𝑑𝑑𝑑𝑑 x′

𝑣⃗𝑣𝑠𝑠𝑠𝑠𝑠𝑠 x = 𝑖𝑖𝑖𝑖𝜅𝜅0∇ �
x′∈𝔻𝔻

�𝐺𝐺 x − x′ 𝜒𝜒𝜅𝜅 x′ 𝑝̂𝑝tot x′ 𝑑𝑑𝑑𝑑 x′

                              - ∇∇ ⋅ ∫x′∈𝔻𝔻
�𝐺𝐺 x − x′ 𝜒𝜒𝜌𝜌 x′ 𝑣⃗𝑣tot x′ 𝑑𝑑𝑑𝑑 x’  

                                          + 𝜒𝜒𝜌𝜌 x 𝑣⃗𝑣tot x

With the aid of redatuming we can now compute 𝑣⃗𝑣𝑠𝑠𝑠𝑠𝑠𝑠 x  
at the location of the receivers

U. Taskin et al, "Redatuming of 2-D Breast Ultrasound,"  IEEE Trans Ultrason Ferroelectr Freq Control 67(1)
U. Taskin et al, "Multi-parameter inversion with the aid of particle velocity field reconstruction," JASA 47(6) 
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True
parameters

Single
parameter

Multi
 parameter  

without redatuming

and  
with redatuming



Transcranial Ultrasound
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Multi-parameter / joint inversion
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Can we 
• use one reconstruction to enhance the other 

in an iterative manner?

Multi-physics / multi-parameter / joint 
inversion:
• simultaneous invert for multiple medium 

parameters,
• regularisation based on structural similarity.

acoustic

electromagnetic

gravity



Multi-parameter / joint inversion
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Klemm et al., "Experimental and clinical results of breast cancer detection using UWB microwave radar," 
2008 IEEE Antennas and Propagation Society International Symposium, 2008.
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λAC = 15 mm  <<  λEM = 225 mm



Joint inversion
2
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Discussion and conclusion
SAFT
• Echogenicity
• High frequency
Geometric / Ray based methods
• Speed of sound and attenuation
• High frequency
• Many src/rec combinations
Born Inversion / Parabolic methods
• 2D - Neglects multiple scattering and phase shifts
• “Speed of sound & attenuation”
• Convergence
Full-Wave Form Inversion
• Taking advantage of multiple scattering and phase shifts
• Speed of sound & attenuation 
• 3D  - Computational heavy -> Low frequencies only

Machine learning

Multi-parameter / Joint Inversion
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Thank you very much attention
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