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Method

Context

In-silico validation

Mechanical solicitation of 
soft tissue

MRI-motion measurement 

Quantitative 
Identification : 

Nonlinear 
Inversion (NLI)

Identification problem :
• 3D with subzone decomposition
• Viscoelastic, isotropic → µ, 𝜉
• Harmonic (single frequency)

Main limitations :
• Boundary conditions (BC) estimation 

(see poster 18 : Wattrisse et al.)
• Noise level
• Spatial resolution
• Low signal-to-noise regions

Numerical model : 
• Linear viscoelastic, nearly 

incompressible, isotropic 
material

• Low matrix-inclusion 
properties contrast

• Pure shear solicitation 

Process :
• Interpolation onto a 

coarser mesh
• Corruption by a random 

isotropic gaussian noise
• Several noise instances

Driving parameters :
• Signal-to-noise ratio 
𝑆𝑁𝑅𝑚

Model µ𝑟𝑒𝑓 [Pa]

Unoised octahedral shear strain

• Initial moduli µ0, 𝜉0
• Wavelength - Subzone 

length ratio ൗ𝜆 𝐿𝑍

• u-BC / No u-BC comparison : impact of 𝑆𝑁𝑅𝑚 • No u-BC : impact of 𝐿𝑍 • No u-BC : impact of initial guess µ0

→ No u-BC limits hot spots due to low-signal
→ Slightly decrease of global stiffness 

→ SNR impact is consistent to initial 
guess

→ Several populations appears for bad 
resolution cases

→Decrease of stiffness with resolution

→ Steady results for low SNR
→A single population observed
→High initial guess generates hot 

spots

0% 1% 2% 3% 4% 5%

N
o

 u
-B

C
St

if
fn

e
ss

[P
a]

u
-B

C
St

if
fn

e
ss

[P
a]

N
o

 u
-B

C
D

am
p

in
g 

R
at

io
u

-B
C

D
am

p
in

g 
R

at
io

ൗ𝜆 𝐿𝑧
= 1 ൗ𝜆 𝐿𝑧

= 2 ൗ𝜆 𝐿𝑧
= 3

Decreasing Zone Size (Spatial Resolution)

Identified Matrix Stiffness - ൗ
µ0

µ𝑟𝑒𝑓 = 1

ൗ
µ
µ𝑟𝑒𝑓

Input :
3D motion Data 𝑢𝑚

Initial Material Properties 𝜃0

Generate grid of 3D 
overlapping subzone

൝
𝐾(𝜃𝑖) 𝑈𝑖 = 0 on 𝛺

𝑈 = 𝑈𝑚 on Γ

൝
𝐾(𝜃𝑖) 𝑊𝑖 = 𝑈 − 𝑈𝑚

𝐻 on 𝛺

𝑊 = 0 on Γ

{𝑈𝑖} + 𝐾(𝜃𝑖)
𝐻
𝑊𝑖 = {𝑈𝑚} on 𝛺

𝐾 𝜃𝑖 𝑈𝑖 = 0 on 𝛺

𝑊 = 0 on Γ

u-BC method
Kinematical error strayed in 𝑈

Forward Problem 
(FEM Solution)

Update Zone

Gaussian Smoothing 
(Spatial Filtering)

Update Zone 
Material Properties

Properties 
Stabilization ?

Zone Convergence

Ouput :
Material Properties 𝜃𝑓

No u-BC method
Kinematical error fully supported 
by 𝑊

“No-BC” NLI Subzone Algorithm

Results

ൗ
µ0

µ𝑟𝑒𝑓 = 1 ൗ
µ0

µ𝑟𝑒𝑓 = 2ൗ
µ0

µ𝑟𝑒𝑓 = 0,5

Increasing initial guess

Identified Matrix Stiffness - ൗ𝜆 𝐿𝑍
= 1


