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Objective

Recovery of shape and material parameters of

an elastic homogeneous object in a fluid

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid




Problem statement

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid




Problem statement

Qf =R"\ Q°

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid




Problem statement

Qf =R"\ Q°

e Source

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid




Problem statement

Qf =R"\ Q°

e Source

{i‘nc Py

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid




Problem statement

Qf=R"\§s

e Source ® Receiver

{i‘nc Py

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid




Problem statement(2)

THE DIRECT ELASTO-ACOUSTIC SCATTERING
PROBLEM

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Problem statement(2)

THE DIRECT ELASTO-ACOUSTIC SCATTERING
PROBLEM

V-o(u) + wpu=0 in Q°
Ap + Kp=0 in Qf
Qf k= (cif)

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Problem statement(2)

THE DIRECT ELASTO-ACOUSTIC SCATTERING
PROBLEM

V-o(u) + wpu=0 in Q°
Ap + Kp=0 in Qf
Qf k= (cif)

%"C P x w?pru-n =2 4 Bg:C onl
o(uyn=—pn—p"™ onTl

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Problem statement(2)

THE DIRECT ELASTO-ACOUSTIC SCATTERING
PROBLEM

V-o(u) + wpu=0 in Q°
Ap + Kp=0 in Qf
Qf k= (cif)

%"C P x w?pru-n =2 4 Bg:C onl
o(uyn=—pn—p"™ onTl

lim r (2 —ikp) =0 (r =] x [l2)

Xx—+00 or

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Problem statement(2)

THE DIRECT ELASTO-ACOUSTIC SCATTERING
PROBLEM

V-o(u) + wpu=0 in Q°
Ap + Kp=0 in Qf

k=(2)

) o) inc
wipru-n=32 4+ — onTl
o(uyn=—pn—p"™ onTl

o _ po
o —ikp=20

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Problem statement(3)
THE FAR FIELD PATTERN
1 ~ ikr
) e p() = (p (2) + 0 (%))

r=| x lz= oo

N im\4 e ik-
poclR) = S [, (eMrr e — 292 p(y) ) T

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Problem statement(3)
THE FAR FIELD PATTERN
1 ~ ikr
) e p() = (p (2) + 0 (%))

r=| x lz= oo

N im\4 e ik-
poclR) = S [, (eMrr e — 292 p(y) ) T

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Problem statement(3)
THE FAR FIELD PATTERN
1 ~ ikr
) e p() = (p (2) + 0 (%))

r=| x|2— oo

n iw\4 e ik
poclR) = S [, (eMrr e — 292 p(y) ) T

David Colton and Rainer Kress
Inverse Acoustic and Electromagnetic Scattering Theory
Applied Mathematical Sciences
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Problem statement(3)
THE FAR FIELD PATTERN
1 ~ ikr
) e p() = (p (2) + 0 (%))

r=| x lz= oo

N im\4 e ik-
poclR) = S [, (eMrr e — 292 p(y) ) T

The FFP intensity

P*(%) = Pocl(R) - poc(X)
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» Direct mapping

T, — F(T,T) = ps
T, — A(T,T) = F(T,T) - F(T,T) = pocpoo = p*
» Inverse Problem

Given FFP measurements p.. (x;),
(IP) =< Find T, T, such that

A(T’ r)(xj) = ﬁoo(x.l)poo(xj) = i’*(xj); i=L.. M

= llI-Posed & Nonlinear problem
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DIFFERENT INVERSE PROBLEMS
» ISOTROPIC CASE
Find A, 1, [, such that
(IP—I){

A 1, 1)) = P () poc (X)) = B (%) j=1,... M
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DIFFERENT INVERSE PROBLEMS
» ISOTROPIC CASE
Find A, 1, [, such that
(IP-l){

A 1, T) (%) = Poc () Poc () = P7(%); j=1,...M
Find p, I, such that
(IP-2) § A(p:N)(x) = P ()P () = B (); j=1,.. M
F(xref; Yref)(x5) = Poc(xi); j=1,...; M

» ANISOTROPIC CASE
Find p, V, Vs, €,6,T, such that
(IP-3)

AP, Vs Vs, €,6,T)06) = Poc () Poc (%) = P*(x); j=1,...M
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Problem statement(4)

THE NONLINEARITY ISSUE

Find the Lamé coefficients A, px and the shape I' such that

1 = N
e §|| d A 1, T) (%) — Poo (8) Boo (3113
9 9 j=1
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THE NONLINEARITY ISSUE

Define

1) = 51 A G 17 (8) = e (5) e (I

j=1

Find the Lamé coefficients A, pv and the shape I' such that

J\,p,I)=0
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Problem statement(5)

THE NONLINEARITY ISSUE
The Newton lteration

o
(A% (%), A7, (%) 5 AF (%)) - ( ‘;u ) = AA", 1", T") (%) = PooPoo (%))

ji=1,..., N,
Update the parameters

(An—Ha H"+19 |-n+1) =()‘"’ u, I—n) + (6)n 6#9 5F)
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Problem statement(5)

The Newton lteration

B-66=fF
)
B= A#T (i‘l) (A4 (Xi)’AH (%) , At (%)) J=1,.., Ny
A (%)
A,)\: (%) o
f= AL (%) | (A", 1", T") (%) — PooPoo (%)) j=1,...,N,
AT (%)

Update the parameters
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Problem statement(5)

The Newton lteration
B4 + a-d=(B+a-NHé=f

AT (%)
B= | A7 (%) | (A5 (%), A, (%), A1 (%))  J=1,.., Ny

AT (%)
AT (%) -
f= ALT (%) | (2" 1", 1) (%) = Pooboo (%)) j=1,...,N,
AT (%)

Update the parameters

(}\n+1’ /J'n+1’ |-n+1) =()\n, H'na rn) + (5>\, 6;n 6F)
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Mathematical Result

(p,u) € Qf x Q°
» Lamé coefficients:

> A — (p',u') = (0xp, Oru)
> p— (p'yu') = (9up, Ouu)

» Shape parameters: 51, ...y 5y — I = (51, .uvy 5p)

> S;—>(P',U’)=(?g— F) i=1..,N

Si

°’|§“
QQ
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Mathematical Result

Characterization of the Fréchet derivative
with respect to shape parameters and location

V- o(u') + «?psu’ =0 in Q°
Ap' + K*p’ =0 in Qf

o) -v+p' -v=Fu,p,h) onT
Wpsu’ v — 8,p" =Gj(u, p, hj) onl
a.p’ — ikp’ =0 on X

where, for pT=p+p" the function F and G are given by

Fi(u, py ) = — WV o (u)y — Vo - b + o (@)W1 + p  [H]'v
Gi(u,p, b)) = — (W2psrVu — V(Vp" ) hj-v + (W’ pruv — Vp') - [h]'v

H. Barucq, R. Djellouli, and E. Estecahandy
Efficient DG-like formulation equipped with curved boundary edges for
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Mathematical Result

Characterization of the Fréchet derivative
with respect to the material parameters

V. o(u') +w’ps’ =— V. (Ce(u)) inQ°

Ap' + k*p’ =0 in QF
o) - v+p' -v=Ce(u)- v onTl
Wwipsu' v+ 8,p =0 onl
o,p" — ikp’ =0 on X
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Mathematical Result

Characterization of the Fréchet derivative
with respect to the material parameters
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Mathematical Result

Characterization of the Fréchet derivative
with respect to the density

V.o(t) + ?pu = — u in Q°
Ap' + k*p’ =0 in Qf
o()-v+p' -v=0 onT
wipsu' - v+ 8,p =0 onl
o,p" — ikp’ =0 on X
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for the direct elasto-acoustic scattering problem

Main features
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Solution methodology
for the direct elasto-acoustic scattering problem

Main features
» A Discontinuous Galerkin method
with interior penalty (IPDG)
» Higher-order elements

» Curved edges on the boundaries I'
and X
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oo *Poo Wy
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Definitions of errors

. . A, Al rn
> Relative Residual(RR)= 1= ”°°‘”;;" L ”(°;£°;)(” Ll
oo fo o) 9 b

= (z,_lns.—s,"nz)7
(z,_lns,nZ)f

1
(IA=A"11P+ )l p—p"117) 2
1
(M2 +]112]12) 2

> Relative Error of Shape Param.(Errshap

> Relative Error of Material Param.(Errpae )=
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Definitions of errors

Individual Relaltive Errors of Material parameters
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> Err, = llo—p"|l
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Definitions of errors

Individual Relaltive Errors of Material parameters

n
> Err, = le=p"l
> = Tl
v
> Errv, =
vl
> Errv, = Sy
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Definitions of errors

Individual Relaltive Errors of Material parameters

> Err, = IIp”—ptlnl"Il
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Elliptic coordinate system

51452
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Elliptic coordinate system

s1y5 — T = {(Xref» Yrer) + (51 cos 0, 52sin0;), 6; € [0,27)}
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Polygonal parametrization
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Polygonal parametrization

cos 0; .
S19 52y eeey SN — Xj = (Xrefayref) + s ( sin 0" >v.l = la"', N,
J

Ti(t) = (t 1)<_11 3>(xﬁ1)

with Xy4+1 = Xi, t e [0, 1]

r={7(t), tel0,1],j=1,..,N}
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B-spline representation
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B-spline representation

cos0;
slsz...sN—>X-=(xfyf)+s-( ) ’),j:l...N,
9 929 ooy j ref s Yrel j sm0j 9 eeey

1 1 -2 1 Xi_1
Tj(t)=§<t2 e 1) -2 2 o0 X;
1 1 0 X1
with Xy4+1 = X1 and Xp = Xy .

r={T(t), te[0,1], j=1,..,N}
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Fourier Parametrization

0
r= {(Xref’.YIef) + I‘(G) < (;7:0 > , 0¢€ [0,271')}
M
where rM(0) = 5, + Z 5,cos(kB) + so115in(kO)
k=1

cosf
sin@

M
= {(Xrers Yeer) + Y _ 565(6) ( ) , 0¢€l0,2m)}
k=1

where ¢1 = 1, ¢2k = cos(k0), ¢2k+1 = sin(k0) for k = 1, ceey M
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Isotropic cases

Steel

A=9.695-10° N/m?> ;1 =17.617-10°N m?

Errmar’ = 43.59%
ErrA? = 48.42%
Errp® = 34.35%
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Cases depending on shape parametrization

» Elliptic coordinate system

Figure : Ellipse

> Polygonal shaped objects

Figure : Square
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> B-spline representation

Figure : Rugby

» Fourier Parametrization

(a) Potato (b) Peanut
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Computational Methodology
Algorithm 1

> Synthetic data, Poo,meas

» |nitialization
W0 al && A0 2 ' =r(s%..,s9

> WHILE Relative Residual (RR)> 0.01 && n <MaxNumberlter
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Algorithm 1
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» |nitialization
W0 al && A0 2 ' =r(s%..,s9

> WHILE Relative Residual (RR)> 0.01 && n <MaxNumberlter

» stagnation=100
» WHILE stagnation> 0.01
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Computational Methodology
Algorithm 1

> Synthetic data, Poo,meas

» |nitialization
W0 al && A w00 o ' =r(s"...,59

> WHILE Relative Residual (RR)> 0.01 && n <MaxNumberlter

» stagnation=100
» WHILE stagnation> 0.01

> Far Field Pattern poo (A", ", ")
P ;

, . . ap OPpoo —
> Fréchet derivative, 5= i=1,...,r
22N ’1 o ’1 Os; L 4 ’1
> Parameters update , A", p"t1, 5"t s 0t
. p" _pn+l
> stagnation = ~==_ "= . 100
Pl
»

n=n+1
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Computational Methodology
Algorithm 1

> Synthetic data, Poo,meas

» |nitialization
W0 al && A w00 o ' =r(s"...,59

> WHILE Relative Residual (RR)> 0.01 && n <MaxNumberlter

» stagnation=100
» WHILE stagnation> 0.01

> Far Field Pattern poo (A", ", ")
A At op op op ;=
> Fréchet derivative, Zf$>, o oe 1= 1,..,r
» Parameters update , A", gl g L
) p" _pn+1
> stagnation = ~== 7t - 100
> n=n+1

» Increase the frequency (*) poo,meas
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Elliptic coordinate system
Ellipse,Steel media, Algorithm1, Noise Level= 0%

s;,8 == {(xrefayref) + (sl cos 6, s; sin 0) , 0¢€
[0,27)}

| | Target | In. Guess |

s1 | 0.01 0.0075
s | 0.005 | 0.0075

ki = 267, = 0.5 (after 4iter a = 5 - 107°)
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Elliptic coordinate system
Ellipse,Steel media, Algorithml, Noise Level= 0%

RELATIVE RESIDUAL
150 T T T
100 =
®
50 b
0 1 T . L L L I
1 2 3 4 5 6 7 8 9
Number of iterations
RELATIVE ERROR OF MATERIAL AND SHAPE PARAMETERS

60 T T T T T —n
40 ...Errshap
a0k \.\\\ 4
0 L — ~ ) I | 1

1 2 3 4 5 6 7 8 9

Number of iterations
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Elliptic coordinate system

Ellipse,Steel media, Algorithm1, Noise Level= 0%
#lter =0
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Elliptic coordinate system

Ellipse,Steel media, Algorithm1, Noise Level= 0%
Hlter =1
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Elliptic coordinate system

Ellipse,Steel media, Algorithm1, Noise Level= 0%
Hlter =2
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Elliptic coordinate system

Ellipse,Steel media, Algorithm1, Noise Level= 0%
#lter =3
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Polygonal parametrization
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Polygonal parametrization

cos 0; .
S19 52y eeey SN — Xj = (Xrefayref) + s ( sin 0" >v.l = la"', N,
J

Ti(t) = (t 1)<_11 3>(xﬁ1)

with Xy4+1 = Xi, t e [0, 1]

r={7(t), tel0,1],j=1,..,N}
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Polygonal parametrization

Square, Steel media, Algorithml, Noise Level= 0%

| | Target | In.Guess |

s; | 0.010607 | 0.0175
S 0.015 0.0175
s3 | 0.010607 | 0.0175
sy | 0.015 0.0175
ss | 0.010607 | 0.0175
S6 0.015 0.0175
s7 | 0.010607 | 0.0175
Sg 0.015 0.0175

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Polygonal parametrization
Square, Steel media, Algorithm1, Noise Level= 0%

# lter k¢ TRR(%) | Errmar(%) | Errenap(%) Q
1 66.67 121.35 43.60 39.91 2
2 100 33.13 43.61 22.76 2
3 133.33 23.91 43.61 12.36 2
4 166.67 13.19 43.60 5.92 2
5 200 3.00 43.57 2.21 2
6 233.33 1.34 43.52 1.20 2
7 266.67 1.88 43.43 1.31 2.10°°
8 300 1.02 15.44 0.74 2.10°°
9 333.33 0.27 10.82 0.22 2-10°°
10 366.67 0.10 3.84 0.09 2-10°°
11 400 0.02 0.13 0.01 2-10°°

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid




Polygonal parametrization
Square, Steel media, Algorithm1, Noise Level= 0%

RELATIVE RESIDUAL
150, T T
100[ 7
N
50F 7
0 | " Il L L
0 2 4 6 8 10 12 14
Number of iterations
RELATIVE ERROR OF MATERIAL AND SHAPE PARAMETERS
60 T T T T T T —E"m(
. 40r ‘\\ s Errmﬂp
il ~. *~.~~.~.. B
0 1 -\ ...... 1 I t B~
0 2 4 6 8 10 12 14

Number of iterations
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Polygonal parametrization

Square, Steel media, Algorithm1, Noise Level= 0%
#lter=0




Polygonal parametrization

Square, Steel media, Algorithm1, Noise Level= 0%
#lter=1




Polygonal parametrization

Square, Steel media, Algorithm1, Noise Level= 0%
#lter=2




Polygonal parametrization

Square, Steel media, Algorithm1, Noise Level= 0%
#lter=3




Polygonal parametrization

Square, Steel media, Algorithm1, Noise Level= 0%
#lter=4




Polygonal parametrization

Square, Steel media, Algorithm1, Noise Level= 0%
#lter=5




B-spline representation

519529 eeey SN
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B-spline representation

cos0;
slsz...sN—>X-=(xfyf)+s-( ) ’),j:l...N,
9 929 ooy j ref s Yrel j sm0j 9 eeey

1 1 -2 1 Xi_1
Tj(t)=§<t2 e 1) -2 2 o0 X;
1 1 0 X1
with Xy4+1 = X1 and Xp = Xy .

r={T(t), te[0,1], j=1,..,N}
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B-spline representation

Rugby ball, Steel media, Algorithml, Noise Level= 0%

| | Target | In.Guess |

s | 0.01 0.0175
s> | 0.015 | 0.0175
s3 | 0.01 0.0175
sy | 0.015 | 0.0175

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Rugby ball, Steel media, Algorithml, Noise Level= 0%

# lter k¢ TRR(%) | Errmae(%) | Errenap(%) | «
1 066.67 115.47 43.60 43.85 1
2 100 46.13 43.61 31.37 1
3 133.337 18.19 43.60 10.90 1
4 166.67 3.54 43.60 6.71 1
5 200 2.79 43.60 4.05 1
6 233.33 1.21 43.59 0.89 10~°
7 266.67 0.29 21.04 0.06 10~°
8 300 0.04 2.61 0.01 1077

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid




B-Spline representation

Rugby ball, Steel media, Algorithm1, Noise Level= 0%

RELATIVE RESIDUAL
150, T T T T
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®
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1 2 3 5 7 8 9
Number of iterations
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Number of iterations
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B-Spline representation

Rugby ball, Steel media, Algorithm1, Noise Level= 0%
#lter=0

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



B-Spline representation

Rugby ball, Steel media, Algorithm1, Noise Level= 0%
#lter=1
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B-Spline representation

Rugby ball, Steel media, Algorithm1, Noise Level= 0%
#lter=2
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B-Spline representation

Rugby ball, Steel media, Algorithm1, Noise Level= 0%
#lter=3
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B-Spline representation

Rugby ball, Steel media, Algorithm1, Noise Level= 0%
#lter=4
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B-Spline representation

Rugby ball, Steel media, Algorithm1, Noise Level= 0%
#lter=5

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



B-Spline representation

Rugby ball, Steel media, Algorithm1, Noise Level= 0%
#lter=6

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Fourier Parametrization

0
r= {(Xref’.YIef) + I‘(G) < (;7:0 > , 0¢€ [0,271')}
M
where rM(0) = 5, + Z 5,cos(kB) + so115in(kO)
k=1

cosf
sin@

M
= {(Xrers Yeer) + Y _ 565(6) ( ) , 0¢€l0,2m)}
k=1

where ¢1 = 1, ¢2k = cos(k0), ¢2k+1 = sin(k0) for k = 1, ceey M

-
. m-. Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Fourier Parametrization

Potato, Steel media, Algorithml1, Noise Level= 0%

| | Target | In.Guess |

s | 0.01 0.0125
s> | 0.007 0
s3 | 0.0025 0

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Fourier Parametrization
Potato, Steel media, Algorithml, Noise Level= 0%

# lter | ke | TRR(%) | Errmae(%) | Errenap(%) | «
1 800 60.51 43.60 62.94 12
800 35.74 42.94 59.18 12

3 300 31.77 41.68 53.23 12
5 |800| 2307 | 4030 | 1976 | 12 |
7 |800] 1739 | 4182 | 1240 | 12 |
9 |800| 1175 | 4286 | 368 | 12 |
11 200 2.60 43.78 2.31 10-°
12 200 0.81 26.55 0.28 10-°
13 200 0.08 8.99 0.02 10-°
14 200 0.01 2.46 0.02 10°°
15 200 0.01 0.64 0.01 10~°

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Fourier Parametrization

Potato, Steel media, Algorithm1, Noise Level= 0%

RELATIVE RESIDUAL
2 50 \ B
0 I !
0 10 15
Number of iterations
RELATIVE ERROR OF MATERIAL AND SHAPE PARAMETERS
100 T T _Enma‘
____________ o
® 50F B
o i ———m——
0 10 15
Number of iterations

Shape and material pal
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Fourier Parametrization

Potato, Steel media, Algorithm1, Noise Level= 0%
#lter=0




Fourier Parametrization

Potato, Steel media, Algorithm1, Noise Level= 0%
#lter=3




Fourier Parametrization

Potato, Steel media, Algorithm1, Noise Level= 0%
#lter=4




Fourier Parametrization

Potato, Steel media, Algorithm1, Noise Level= 0%
#lter=5




Fourier Parametrization

Potato, Steel media, Algorithm1, Noise Level= 0%
#lter=7




Fourier Parametrization
Potato, Steel media, Algorithm1, Noise Level= 0%
#lter=9




Fourier Parametrization

Peanut, Steel media, Algorithm1, Noise Level= 0%

| | Target | In.Guess |

s | 0.01 0.0125
s> | 0.002 0

s3 | 0.0005 0
sy | 0.004 0
ss | 0.001 0

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Fourier Parametrization

Peanut, Steel media, Algorithm1, Noise Level= 0%

RELATIVE RESIDUAL

00 T T

=100 B
0 L L L L L
1 2 3 4 5 6 7 8 9 10
Number of iterations
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O T, = EMag
2 e
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Number of iterations
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Fourier Parametrization

Peanut, Steel media, Algorithm1, Noise Level= 0%
#lter=0




Fourier Parametrization

Peanut, Steel media, Algorithm1, Noise Level= 0%
#lter=1




Fourier Parametrization

Peanut, Steel media, Algorithm1, Noise Level= 0%
#lter=2




Fourier Parametrization

Peanut, Steel media, Algorithm1, Noise Level= 0%
#lter=3




Fourier Parametrization

Peanut, Steel media, Algorithm1, Noise Level= 0%
#lter=4




Fourier Parametrization

Peanut, Steel media, Algorithm1, Noise Level= 0%
#lter=06




Elliptic coordinate system

Ellipse,Steel media, Algorithm1, Noise Level= 0%
Various regularization parameters

| | Target | In. Guess |

s | 0.01 0.0075
s, | 0.005 | 0.0075

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Elliptic coordinate system

Ellipse, Steel media, Algorithm1, Noise Level= 0%

RELATIVE RESIDUAL
150, T T
1001 e
®
50 B
0 1 Y - L L L
1 2 3 4 5 6 7 8
Number of iterations
RELATIVE ERROR OF MATERIAL AND SHAPE PARAMETERS
50 i i T : T -
40 = EMap
L N
0F T i
0 LT — L L L
1 2 3 6 7 8

4 5
Number of iterations

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid




Elliptic coordinate system

Ellipse,Steel media, Algorithml, Noise Level= 0%

#lter | ke | TRR(%) | REMP(%) | RESP(%) | mat | Ctshape
1 [ 267 | 141.64 43.60 31.62 0.05 05
2 | 267 | 3094 39.14 10.41 0005 | 05
3 | 267 | 6.88 36.52 208 |5-10%| 05
4 267 0096 35.58 028 | 5-10° | 0.005
5 | 267 | 029 31.28 009 |5-10°° | 0.005
6 | 267 | 012 14.23 003 |5-107 | 0.005
7 | 267 | 0.02 1.07 000 |5-10°% | 0.005
8 | 267 | 000 0.08 000 |5-107° | 0.005

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Polygonal parametrization

Square, Steel media, Algorithm1, Noise Level= 0%
Various regularization parameters

| | Target | In.Guess |

s; | 0.010607 | 0.0175
S 0.015 0.0175
s3 | 0.010607 | 0.0175
sy | 0.015 0.0175
ss | 0.010607 | 0.0175
S6 0.015 0.0175
s7 | 0.010607 | 0.0175
Sg 0.015 0.0175

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Polygonal parametrization
Square, Steel media, Algorithm1, Noise Level= 0%

RELATIVE RESIDUAL
100r q
®
501 q
0 1
0 10 15
Number of iterations
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Number of iterations
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Polygonal parametrization

Square, Steel media, Algorithm1, Noise Level= 0%

#lter | ke | TRR(%) | REMP(%) | RESP(%) | mat | Ctshape

1 | 67 | 121.92 | 4360 30.91 200 | 200
[ 3 [133] 6234 | 4359 | 3379 | 200 | 200 |
[ 5 [200] 3636 | 4355 | 2533 | 20 | 200 |
[ 7 [267] 3678 | 4304 | 1946 | 02 | 200 |
[ 9 [333] 758 | 3964 | 577 | 0002 | 200 |
11 [400 | 136 42,62 170 [2-10°°] 200
12 [433] 1.34 30.20 056 | 2-10° ] 200
13 | 467 | 055 11.40 045 |2-107 | 200
14 | 500 | 0.4 4.76 022 [2-10°| 200
15 [ 533 | 040 0.15 010 |2-109] 200

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



B-spline representation

Rugby ball, Steel media, Algorithm1, Noise Level= 0%
Various regularization parameters

| | Target | In.Guess |

s | 0.01 0.0175
s> | 0.015 | 0.0175
s3 | 0.01 0.0175
sy | 0.015 | 0.0175

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



B-spline representation

Rugby ball, Steel media, Algorithml, Noise Level= 0%

RELATIVE RESIDUAL
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B-spline representation

Rugby ball, Steel media, Algorithm1, Noise Level= 0%

#1ter | ke | TRR(%) | REMP(%) | RESP(%) | mat | Ctshape
1 67 | 11547 43.60 4385 0.01 1
2 | 100 | 46.15 45.09 31.38 0.001 1
3 | 133 | 1820 4167 1097 [2-10%| 1
4 | 167 | 367 39.45 675 |2-10°| 1
5 | 200 | 236 6.83 418 | 2-10°| 1
6 | 233 129 155.33 177 | 2-10°| 1
7 | 267 | 051 270.43 112 |2-10°] 1
[ 9 [333] 042 | 251.06 | 037 [2-10°] 1 |
11 | 400 | 0.30 116.71 021 [2-10°] 1
12 [ 433 029 250 023 [2-10°| 1

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



B-spline representation

Rugby ball, Steel media, Algorithml, Noise Level= 0%

RELATIVE RESIDUAL
T

150, T
100
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50
I . . ! .
0
0 2 4 6 8 10 12 14
Number of iterations
RELATIVE ERROR OF MATERIAL AND SHAPE PARAMETERS
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B-spline representation

Rugby ball, Steel media, Algorithm1, Noise Level= 0%

# Tter | kr | TRR(%) | REMP(%) | RESP(%) | mar | Clotape
1 67 115.47 43.60 43.85 1 1
2 100 46.13 43.61 31.37 0.1 1
3 133 18.19 43.56 10.90 0.01 1
4 167 3.55 4291 6.71 103 1
5 200 2.70 40.91 4.05 10~ 1
6 233 0.74 26.80 1.19 10—° 1
7 267 0.38 22.34 0.78 10-° 1
8 300 0.26 13.54 0.58 10~7 1
9 333 0.19 1.10 0.29 108 1
10 367 0.08 23.52 0.05 10~° 1
11 400 0.03 2.40 0.02 10-10 1
12 433 0.01 0.73 0.01 1011 1

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Computational Methodology

Algorithm 2

> Initialization poo meas,w® a® and A%, ;0,70 = 10 =1(50,..,59°)

» WHILE Relative Residual (RR)> 0.01 && n <MaxNumberlter

Shape and mater ameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Computational Methodology

Algorithm 2

> Initialization poo meas,w® a® and A%, ;0,70 = 10 =1(50,..,59°)
» WHILE Relative Residual (RR)> 0.01 && n <MaxNumberlter

> stagnation=100
» WHILE stagnation> 0.75
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Computational Methodology

Algorithm 2

> Initialization poo meas,w® a® and A%, ;0,10 = 10 =1(50..,59)
> WHILE Relative Residual (RR)> 0.01 && n <MaxNumberlter

> stagnation=100
» WHILE stagnation> 0.75
> Update shape parameters
> Update material parameters
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Computational Methodology

Algorithm 2
> Initialization poo,meas,w® a® and A%, ;0,10 = 10 =T1(50..,59)
> WHILE Relative Residual (RR)> 0.01 && n <MaxNumberlter

» stagnation=100
» WHILE stagnation> 0.75

> as — FFP po (A", 1", T")

> Fréchet Derivative, ag:? i=1,..,r
i
» Recovery ;"™ ..., sy n=n+1
. Pn 7Pn+1
> stagnation= "= ;= - 100
i

» Update material parameters

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Computational Methodology
Algorithm 2

> Initialization pao. meas, w®, @® and A0, 10,10 = 10 =71(s59..,59)
» WHILE Relative Residual (RR)> 0.01 && n <MaxNumberlter

» stagnation=100
» WHILE stagnation> 0.75

> Update shape parameters

> stagnation=100
» WHILE stagnation> 0.75

am — FFP p (A", ™, ™)

4 : : 9Poc OPoc
Fréchet Derivative <f5=, M
Recovery, A", ;"1 n=n+1

no_ o+l
stagnation= % -100

oo

v

v VvV

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Computational Methodology

Algorithm 2

> Initialization poo meas,w® a® and A%, ;0,70 = 10 =1(50,..,59°)
» WHILE Relative Residual (RR)> 0.01 && n <MaxNumberlter

> stagnation=100
» WHILE stagnation> 0.75
> Update shape parameters
> Update material parameters

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Computational Methodology

Algorithm 2

> Initialization poo meas,w® a® and A%, ;0,70 = 10 =1(50,..,59°)
» WHILE Relative Residual (RR)> 0.01 && n <MaxNumberlter

> stagnation=100
» WHILE stagnation> 0.75
> Update shape parameters
> Update material parameters

> Increase the frequency (¥) — Poo,meas

-
. &yzg’a,—. Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Elliptic coordinate system

Ellipse, Steel media, Algorithm2, Noise Level= 0%

si,9 > T = {(sicosb,s,sinf), 6 ¢c]0,2n)}

| | Target | In. Guess |

sp| 0.01 0.0075
sp | 0.005 | 0.0075

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Elliptic coordinate system

Ellipse, Steel media, Algorithm2, Noise Level= 0%

RELATIVE RESIDUAL
T

150 T T
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by
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0 1 - L Il L L L
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Number of iterations
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ou T T T T T _E"ma.
40 ...Errmp
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201 b
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8
Number of iterations

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid




Elliptic coordinate system

# lter k¢ TRR(%) | Errmac(%) | Errshap(%) @
1 267 | 141.63 43.60 10.68 2
2 267 | 31.79 43.60 2.58 2
3 267 8.36 43.60 0.49 2
X\, 4 267 2.13 35.10 0.49 2.107%°
A\ 1 5 267 0.96 33.71 0.49 2.10°%
X\, 6 267 0.84 33.74 0.49 2.107%°
7 267 0.84 33.74 0.19 2
A\ 1 8 267 0.49 21.71 0.19 2.10°%
9 267 0.34 21.71 0.10 2
A\, i 10 267 0.27 13.03 0.10 2.10°%
11 267 0.18 13.03 0.05 2
X\, 1 12 267 0.14 7.57 0.05 2.107%°
13 267 0.09 7.57 0.03 2
X\ 14 267 0.07 432 0.03 2.107°
X\, [t 16 267 0.04 0.76 0.01 2-107%°




Polygonal parametrization

Square, Steel media, Algorithm2, Noise Level= 0%

| | Target | In.Guess |

s; | 0.010607 | 0.0175
S 0.015 0.0175
s3 | 0.010607 | 0.0175
sy | 0.015 0.0175
ss | 0.010607 | 0.0175
S6 0.015 0.0175
s7 | 0.010607 | 0.0175
Sg 0.015 0.0175

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Polygonal parametrization

Square, Steel media, Algorithm2, Noise Level= 0%

RELATIVE RESIDUAL
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Polygonal parametrization

Square, Steel media, Algorithm2, Noise Level= 0%

# lter | ke | TRR(%) | Errmac(%) | Errshap(%) o
S; 1 67 120.28 43.60 22.22 1
S; 2 83 32.79 43.60 12.13 1
A, 2 100 14.79 4451 12.13 3,5 10~
S; 4 100 14.78 44 51 3.95 1
A, 4 117 5.86 44 55 3.95 3,5-10~%
S; 6 117 5.79 44 55 1.50 1
N 6 | 133| 145 4454 150 | 3,5-10 %
S; 8 133 1.45 44.54 0.48 1
N 8 | 150 1.40 23.07 048 | 3,5-10%
S; 10 150 0.89 23.27 0.35 1
A, 10 167 2.39 8.68 0.35 3,5-10°%
A, 11 167 0.91 1.83 0.35 3,5-10~%

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



B-spline representation

Rugby ball, Steel media, Algorithm2, Noise Level= 0%

| | Target | In.Guess |

s | 0.01 0.0175
s> | 0.015 | 0.0175
s3 | 0.01 0.0175
sy | 0.015 | 0.0175

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



B-spline representation

Rugby ball, Steel media, Algorithm2, Noise Level= 0%

RELATIVE RESIDUAL

150 T T
1001 B
®
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0 | . L L L L L
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Number of iterations
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8 10
Number of iterations
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B-spline representation

Rugby ball, Steel media, Algorithm2, Noise Level= 0%

# lter ke TRR(%) | Errmae(%) | Errsnap(%) o
S; 1 66.67 115.47 43.60 31.37 1
S; 2 100 46.13 43.60 10.90 1
S; 3 133.33 18.19 43.60 6.71 1
S; 4 150 3.54 43.60 4.05 1
Si 5 183.33 2.79 43.60 0.89 1
A, 6 200 1.21 21.19 0.89 2.10°%8
A, 7 200 0.93 9.69 0.89 2.107%8
S; 8 200 0.89 9.69 0.39 1
A, 9 233.33 0.21 5.35 0.39 2.10~28
A, 10 233.33 0.13 2.90 0.39 2.107%8
S; 11 233.33 0.12 2.90 0.39 1
A, 12 250 0.11 2.43 0.39 2.107%8

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



FFP DIFFERENCE

» Errpae = 43% — TRR = 0.95%
» Efrshape = 31% — TRR = 104%

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



FFP DIFFERENCE

FFP DIFFERENCE

—FFP WITH 31% ERROR OF SHAPE PARAM
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Elliptic coordinate system

Ellipse,Steel media, Algorithml
Various regularization parameters, Noise Level= 2%

| | Target | In. Guess |

s | 0.01 0.0075
s, | 0.005 | 0.0075

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Elliptic coordinate system

Ellipse, Steel media, Algorithm1, Noise Level= 2%

RELATIVE RESIDUAL
T

100 B
2
501 B
o ! 1 T T T
1 2 4 5 6 7
Number of iterations
RELATIVE ERROR OF MATERIAL AND SHAPE PARAMETERS
ou T T T T T _EI’Y
40

R
0k ..._\.‘

4
Number of iterations

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Elliptic coordinate system

Ellipse,Steel media, Algorithm1, Noise Level= 2%

# lter [ ke | TRR(%) | REMP(%) | RESP(%) | Qmar | Qshape
1 133 | 104.76 43.60 31.62 0.5 0.5
2 167 | 20.76 43.59 11.95 0.05 0.5
3 200 | 15.17 43.53 3.84 0.005 0.5
4 233 | 12.25 42.98 0.65 5.100% [ 05
5 267 | 12.46 41.81 0.99 5-10> | 05
6 300 | 12.32 24.13 0.39 5.1009 | 05
7 333 | 12.32 7.81 0.45 5.1007 [ 05

Table : Development of Total and Relative Errors

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Conclusions of the first stage

» The selection of regularization parameters and frequencies
seems to be very sensitive with respect to the problem
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Conclusions of the first stage

» The selection of regularization parameters and frequencies
seems to be very sensitive with respect to the problem

> It is easier to deal with the Algorithm 1

> The first recovery of shape parameters seems to be more
efficient.
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Conclusions of the first stage

» The selection of regularization parameters and frequencies
seems to be very sensitive with respect to the problem

> It is easier to deal with the Algorithm 1
» The first recovery of shape parameters seems to be more
efficient.

STRATEGY: FIRST RETRIEVE THE MORE IFLUENTIAL
PARAMETERS.

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Recovery of density, shape and location parameters

Influence of density

103

[ T - - ]
s ! — Poo P
i — Pman * Pman
_az) 0.5+ N
s
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0C l l l =

| |
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Iteration

Figure : The difference of FFP’'s modulus corresponding to 85.18% of
relative error of the density.

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid
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Recovery of density, shape and location parameters

Influence of location

1074

— Poo Poo

Pman * Pman

Relative Error

| | |
50 100 150 200 250 300 350
Iteration

Figure : The difference of FFP’s modulus of 0.1% corresponding to 100%
of relative error of the location.
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Recovery of density, shape and location parameters

Influence of location

1072
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Figure : The difference of FFP’s real of 61.77% corresponding to 100%
of relative error of the location.

-
. m-. Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Recovery of density, shape and location parameters

ELLIPSE

Iter ks RR1 RR2 Etrgen | Effshap | Efrioc Qlden Qshap | Qloc
1 | 100 | 180.71 - 92.59 | 31.62 - 10~ | 0.005 | -
4 ] 150 | 19.25 - 3357 | 7.51 - 107 | 0.005 | -
5 | 167 | 3.37 - 18.29 | 3.41 - 10°™ 1 0.005 | -
7 [ 200 025 - 0.93 0.06 - 107¥ 1 0.005 | -
8 40 - 144.96 - - 48.09 - - 0
9 | 173 - 71.67 - - 25.13 - - 0
10 | 307 - 63.78 - - 2.01 - - 0
11 | 440 - 6.21 - - 0.06 - - 0

Table : Relative residual, relative error of shape, density and location
parameters for the ellipse case, steel media, with Noise level= 0%.

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Recovery of density, shape and location parameters

RELATIVE RESIDUAL

00 T T T T

—RR1
—RR2
32 100
I I T L I I I L

5 B 7
Number of iterations

00

RELATIVE ERROR OF MATERIAL AND SHAPE PARAMETERS
T T

3 100 ---Er,

5 B
Number of iterations

Figure : Relative residual, relative error of shape, density and location
parameters for the ellipse case, steel media, with Noise level= 0%.
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Recovery of density, shape and location parameters

Iter ks RR1 RR2 Errden Errshap Errioc Olden Qlshap Qoc
1 53 | 33.30 - 92.59 | 27.42 - 107 | 20 -
2 | 120 | 50.67 - 91.91 | 44.01 - 100 | 20 -
3 | 187 | 56.09 - 94.01 | 20.41 - 10~ 20 -
4 | 253 | 13.64 - 91.22 | 9.02 - 10721 20 -
6 | 387 | 4.36 - 13.14 | 4.08 - 10712 20 -
7 | 453 | 1.49 - 2.42 1.09 - 1002 ] 20 -
9 53 - 108.14 - - 25.16 - - 0
10 | 120 - 24.78 - - 19.82 - - 0
11 | 187 - 31.62 - - 9.45 - - 0
13 | 320 - 14.96 - - 4.24 - - 0
16 | 520 - 7.34 - - 3.04 - - 0
18 | 653 - 10.39 - - 1.78 - - 0
Table : Relative residual, relative error of shape, density and location

parameters for the square case, steel media, with Noise level= 0%.
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Recovery of density, shape and location parameters

RELATIVE RESIDUAL

150 T

100
2
TN ]

8 10
Number of iterations

RELATIVE ERROR OF MATERIAL AND SHAPE PARAMETERS

100, T T T T T

® 501 --.Err

8 10
Number of iterations

Figure : Relative residual, relative error of shape, density and location
parameters for the square case, steel media, with Noise level= 0%.
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Recovery of density, shape and location parameters

Iter ks RR1 RR2 Etrgen | Erfshap | Errioc Qlden Qshap | Qtloc
1 67 | 189.53 - 92,50 | 43.85 - 10007 ] 01 -
3 [ 133 | 31.27 - 60.67 | 42.22 - 100 | 01 -
5 [ 200 [ 29.98 - 19.87 | 26.67 - 107 | 0.1 -
6 | 233 | 21.59 - 43.80 | 15.64 - 100 | 0.1 -
8 | 300 1.13 - 4.81 0.18 - 107¥® [ 0.1 -
9 [333] 0.10 - 0.14 0.09 - 100 | 01 -
11 | 200 - 92.15 - - 38.45 - - 100
13 | 467 - 114.77 - - 20.88 - - 100
14 | 600 - 111.31 - - 16.80 - - 100
15 | 733 - 095.22 - - 3.14 - - 100

Table : Relative residual, relative error of shape, density and location
parameters for the rugby case, steel media, with Noise level= 0%.
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Recovery of density, shape and location parameters

RELATIVE RESIDUAL

00 T T T

2 100- m
6 10

8
Number of iterations

RELATIVE ERROR OF MATERIAL AND SHAPE PARAMETERS
T

8
Number of iterations

Figure : Relative residual, relative error of shape, density and location
parameters for the rugby case, steel media, with Noise level= 0%.
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Anisotropic case: recovery of material and shape
parameters

Selected material parameters:
>»p=1 [Kg-m~?

» V, =0.003 [m-(us)™!]
» Vo =0.0022 [m-(us)]
» e=0.2
» 0=0.1

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Anisotropic case

Influence of material parameters

Different Relative Errors:

[|R(Poo ) =R(Pman)|
> Rel. Er. of the Real part of the FFP (RE1) TR ()2 2
» Rel. Er. of the Imaginary part of the FFP (RE2) W
> Rel. Er. of the FFP (RE3) e =Pl
> Rel. Er. of the modulus of the FFP (RE4) ~ le=r=_papall
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Anisotropic case

Influence of density

—6-1072 |

5 - §R(poo)

- _%(Pman)

H-8.107% | :

(0]

2

&

K —-0.1} .
| | | | | | |

50 100 150 200 250 300 350
Iteration

Figure : The difference of FFP’s real part corresponding to %100 of
relative error of the density.
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Anisotropic case
Influence of density

1072
‘ :

o — S(px)
- %(pman)

Relative Error
N
T
|

|
50 100 150 200 250 300 350
Iteration

Figure : The difference of FFP’s imaginary part corresponding to %100
of relative error of the density.
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Anisotropic case
Influence of density

1072
T ‘

— 1'2 B - pOO .pT.O B
o L
Llj 10 Pman * Pman |
g

= 0.8 |
o

(0]

& 06| E

| | | | | |
50 100 150 200 250 300 350
Iteration

Figure : The difference of FFP’s modulus corresponding to %100 of
relative error of the density.
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Anisotropic case

Influence of density

REL(%) | RE2(%) | RE3(%) | RE4(%)
o 04 7.07 104 | 1.9

Table : The different Relative Errors of the FFP corresponding to the
velocity p.

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Anisotropic case

Influence of V,

5 —6-1072[ —
L% - éR(poo)

q>) -8 10_2 - _%(pman) N
& 01| .
[0}

o

50 100 150 200 250 300 350
Iteration

Figure : The difference of FFP's real part corresponding to %100 of
relative error of the velocity V.
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Anisotropic case

Influence of V,

— 3(px)
- %(pman)

102
T
4

Relative Error
N
|

50 100 150 200 250 300 350
Iteration

Figure : The difference of FFP’s imaginary part corresponding to %100
of relative error of the velocity V,,.
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Anisotropic case

Influence of V,

1072
= T ‘ ‘
L% 1.2 F — P P -
g 1 — Pman * Pman |-
5 08| -
0
K 0.6 -

50 100 150 200 250 300 350
Iteration

Figure : The difference of FFP’'s modulus corresponding to %100 of
relative error of the velocity V.
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Anisotropic case

Influence of V,

REL(%) | RE2(%) | RE3(%) | RE4(%)
|7 2.15 43.01 11.77 10.52

Table : The different Relative Errors of the FFP corresponding to the
velocity V.

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Anisotropic case

Influence of V,,e¢ and 9

RE1(%) | RE2(%) | RE3(%) | RE4(%)
Vs 0.54 6.28 1.77 1.69
€ 0.04 0.93 0.25 0.17
0 0.04 0.45 0.13 0.12

Table : The different Relative Errors of the FFP corresponding to the
material parameters V;, e and 6.

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Anisotropic case

ITER ks RE1 Err, Erry, Erry, ap avy, av,
1 53 13.72 150.86 50.77 12252 11077 1-1072 0.1

2 86 0.89 175.81 44.71 10281 11077 1-1072 0.1

3 120 16.59 4784 588 2096 11007 1-1072 0.1

4 153 0.17 3787 378 1746 11007 1-1072 0.1

5 186 0.33 18.67  3.64 794 11007 1-107% 0.1

6 220 0.29 9.39 0.45 297 11077 1-107% 0.1

7 253 0.26 7.81 1.82 2.1 11077 1-107%2 0.1

8 286 0.3 6.24 1.34 1.65 11077 1-107% 0.1

9 320 0.54 4.32 0.93 1.06 11077 1-1072 0.1

10 353 597-1072 282 0.38 038 11007 1-107%2 0.1

Figure : Development of relative residual, relative error of p, V,, and Vs in

the ellipse case, with constants values for ¢ = 0.2,§ = 0.1, Noise

level=0%.
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Anisotropic case

SPLINES
ITER ks RE1 Errvp Erry, regl avy,
1 66.67 1.92 52.1 84.08 1-1072 0.1
2 8333 9.96-1072 36.37 64.54 1-107% 1-1072
3 100 6.04-1072 0.43 4.54 1-107*% 1-1073
4 116.67 3.62-1072 0.23 0.36 1-107% 1.107*%
5 13333 1.71-107% 2.33.107* 2.63-107* 1-107® 1-107°

Figure : Development of relative error 1, relative error of p, V,, and V; in
the splines case, with constant values for e = 0.2,§ = 0.1, Noise
level=0%.
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Recovery of material and shape parameters

Initial Guess

v

PO =15 [Kg-m3

» V9 =0.006 [m-(us)]
» V9 =0.0029 [m-(us)]
(O
» 60 =4

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Anisotropic case

ITER ke RE4 Erry,  Erfshape Qy, Qlshape
1 53.33 19.04 100 31.62 0.1 1
2 5333 8.34 52.33 3253 0.1 0.1
3 53.33 4.74 48.67 18.34 0.1 1-1072
4 5333 23.23 39.33  40.83 0.1 1-1073
5 53.33 5.68 17 28.13 0.1 1-107*
6 53.33 16.48 41.33  18.09 0.1 1-107°
8 53.33 7.62 233 2005 1-1072 1-1077
9 53.33 3.03 26.67 1843 1-107% 1-107%
10 53.33 3.45 15 7.57 1-107% 1-.107°
11 53.33 1.45 0 2.45 1-107% 1-107%
12 53.33 1.95 10 4.06 1-107% 1-1074
15 53.33 4.64-1072 10 038 1-107% 1-107%

Figure : Development of relative error 4, relative error of V), and shape
parameters in the elllipse case, with constant values for e = 0.2,§ = 0.1,
Noise level=0%.



Anisotropic case

ITER  kf RE?2 Err,  Erry,  Erry, ap avy, av,
1 53 7.95-1072 50 11.81 4.94 0.1 1-1072 0.1

2 53 0.12 50 1166 7.08 1-1072 1-107% 1.1072

3 53 4.1.1072 50 113 634 1-100® 1.107* 1.10°%

4 53 421-1072 50 11.15 6.03 1-100* 1.-107°% 1-10*

5 53 4.18-1072 50 1113 599 1-100° 1.10® 1.10°°

6 53 4.18-107> 50 11.13 599 1-100% 1.-1007 1-107°

7 53 418-107> 50 11.13 599 1-1007 1-107% 1.1077

8 53 4.18-1072 50 11.13 599 1.-107®% 1.107° 1-.1078

9 53 418-1072 50 11.13 599 1.-107° 1-107° 1.107°

10 53 4.18-1072 50 11.13 599 1-107* 1.107% 1.107%

Figure : Development of relative error 2, relative error of p, V, and V; in

the elllipse case, with constant values for e = 0.2, = 0.1, Noise
level=0%.



Anisotropic case

RE?2

ITER  kf Err, Erry,  Erry, ap avy, vy,
1 53 7.95-107%2 4987 937 31.81 1-103 1,000 1,000
3 53 7.78-107%2 40.16 856 2849 1-10°° 10 10
4 53 0.18 39.48 8.66 2835 1-107° 1 1
7 53 032.-1072 3842 863 2806 1-10° 1.107% 1.107°
8 53 757-1072 3642 856 2746 1-107* 1.107% 1.107*
11 53 0.14 1.2 786 1417 1-107% 1-1007 1-107°
15 53 5.49-1072 364 686 132 1-107¥® 1.107% 1-107%

Figure : Development of relative error 2, relative error of p, V,, and V; in
the elllipse case, with constant values for e = 0.2, = 0.1, Noise

level=0%.



Anisotropic case

ITER kf RE4 Errvp Errshape Qy, Qlshape
1  66.67 30.62 100 43.85 1 10
2 8333 6.22 103 19.95 0.1 1
3 100 1.76 103.33 14.14 1-1072 0.1
4 11667 1.13 101 1588 1-1072 1-1072
5 133.33 1.23 93 1335 1-1072 1-1073
6 150 1.26 81 1143 1-107% 1-107*
7 166.67 1.68 24 9.42 1-107% 1.10°%
8 183.33 0.43 24 0.22 1-107% 1.10°°
9 200 0.16 24 0.58 1-107% 1.1077
10 216.67 0.19 21 1.01 1-107% 1-10°8
11 233.33  0.26 9 1.57 1-107% 1-107°
12 250 0.15 6.67 0.59 1-1073 1-107%

Figure : Development of relative error 4, relative error of V), and shape
parameters in the splines case, with constant values for ¢ = 0.2, = 0.1,
Noise level=0%.



Anisotropic case

Qy,

s

ITER kr RE2 Err, Errvp Erry, o av

o
1 66.67 051 49.74 0.62 22.08 .10~ 100 100
2 8333 048 46.84 0.66 1.2 .107% 100 10

3 100 0.25 4587 0.67 11.39 .1077 100 1

4 116.67 0.17 37.66 0.67 13.93 -107% 100 0.1

5 13333 0.16 21.34 0.67 20.34 -107° 100 1-1072
6 150 0.17 15.08 0.67 26.66 -107*° 100 1-1073
7 166.67 0.17 9.03 0.67 31.72 .107% 100 1-107*
8 18333 0.18 7.95 067 36.68

L e e

.10 100 1-10°°

Figure : Development of relative error 2, relative error of p, V,, and V; in
the splines case, with constant values for ¢ = 0.2,§ = 0.1, Noise
level=0%.



Anisotropic case

ITER ke  RE2 Err, Errvp Erry, ap avy, v,
1 66.67 051 2454 0.62 19.9 1-1077 100 100
2 83.33 0.51 0.21 066 1633 1-1077 100 10
3 100 0.33 2425 0.67 2813 1-1077 100 1
4 116.67 0.19 3408 067 1601 1-1077 100 0.1
5 13333 016 27.08 066 1857 1-1077 100 1-1072
6 150 0.17 17.77 0.66 2403 1-1077 100 1-1073
7 166.67 0.17 1124 066 2963 1-107"7 100 1-10*
8 18333 0.18 49 067 3763 1-1077 100 1-107°

Figure : Development of relative error 2, relative error of p, V, and V; in

the splines case, with constant values for ¢ = 0.2,§ = 0.1, Noise

level=0%.
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Conclusion and Perspective

Conclusions

> The order of retrievement of parameters depending on their
influence in the far field pattern seems effective
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Conclusions

> The order of retrievement of parameters depending on their
influence in the far field pattern seems effective

» Material parameters are more difficult to retrieve in all cases
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Conclusion and Perspective

Conclusions

> The order of retrievement of parameters depending on their
influence in the far field pattern seems effective

» Material parameters are more difficult to retrieve in all cases

» The selection of the regularization parameters is very
influential in the retrievement of parameters

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid




Conclusion and Perspective

Perspectives

» Recompute the numerical computations with bigger noise level
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Conclusion and Perspective

Perspectives

» Recompute the numerical computations with bigger noise level

> Recovery of location of an anisotropic media
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Conclusion and Perspective

Perspectives

» Recompute the numerical computations with bigger noise level
> Recovery of location of an anisotropic media

» Analytical comparison of ffp's derivatives depending on the
parametes
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Conclusion and Perspective

Perspectives

Recompute the numerical computations with bigger noise level

v

v

Recovery of location of an anisotropic media

Analytical comparison of ffp's derivatives depending on the
parametes

v

v

Shape and material parameters’ retrievement of an elastic
object immersed in an inhomogeneous media

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid




Conclusion and Perspective

Perspectives

‘ Leria— ]

Recompute the numerical computations with bigger noise level
Recovery of location of an anisotropic media

Analytical comparison of ffp’s derivatives depending on the
parametes

Shape and material parameters’ retrievement of an elastic
object immersed in an inhomogeneous media

Find ideas to increase the influence of the material parameters
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MERCI
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Conclusion and Perspective

Cases depending on Lamé coefficients
Steel

A=9.695-10° N, /m?®> ;1 =7.617-10°N m?

Errmat’ = 43.59%
ErrA? = 48.42%
Errp® = 34.35%

Aluminium

A =5.10878772-10° N /m* ;1 = 2.63165868-10° N m?

Ertma’ = 41.26%
ErAl = 2.13%
Errp® = 89.99%

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Conclusion and Perspective

Elliptic coordinate system

Ellipse, Aluminium media, Algorithm1, Noise Level= 0%

51,5 = ={(s1cos0,ssind), 60,27}

| | Target | In. Guess |

s | 0.01 0.0075
s> | 0.005 | 0.0075

ke = 267, = 0.5, * = 0.005

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Conclusion and Perspective

Elliptic coordinate system

Ellipse, Aluminium media, Algorithml, Noise Level= 0%

RELATIVE RESIDUAL
T

150 T
1001~ A
®
501 A
0 ! T . .
1 2 3 4 5 3 7 8
Number of iterations
RELATIVE ERROR OF MATERIAL AND SHAPE PARAMETERS
bu T T T T T T _Enma‘
e __.Errshﬂp
M
F Tt B
0 | R . L
1 2 3 3 7 8

4 5
Number of iterations

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid




Conclusion and Perspective

Elliptic coordinate system

Circle, Steel media, Algorithml, Noise Level= 0%

| | Target | In. Guess |

sp | 0.01 0.0075
s> | 0.01 0.0075

ki =267, a0 =1,0°=5-10"°

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Conclusion and Perspective

Elliptic coordinate system

Circle, Steel media, Algorithml, Noise Level= 0%

RELATIVE RESIDUAL
T T T

60

1 2 3 4 5 6 7 8 9
Number of iterations

RELATIVE ERROR OF MATERIAL AND SHAPE PARAMETERS
100 T T

T T T

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid




Conclusion and Perspective

Elliptic coordinate system

Circle,Steel media, Algorithml, Noise Level= 0%
#lter =0

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid
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Elliptic coordinate system

Circle,Steel media, Algorithml, Noise Level= 0%
Hlter =1
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Elliptic coordinate system

Circle,Steel media, Algorithml, Noise Level= 0%
Hlter =2
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Elliptic coordinate system

Circle,Steel media, Algorithml, Noise Level= 0%
#lter =3
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Elliptic coordinate system

Circle, Aluminium media, Algorithml, Noise Level= 0%

| | Target | In. Guess |

sp | 0.01 0.0075
s> | 0.01 0.0075

ki = 267,00 = 1,07 = 0.05

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Conclusion and Perspective

Elliptic coordinate system

Circle, Aluminium media, Algorithm1l, Noise Level= 0%

RELATIVE RESIDUAL
ou T T T
40 B
2

201 T

0 1 1 1 | Il L

0 2 4 6 10 12 14

Number of iterations
RELATIVE ERROR OF MATERIAL AND SHAPE PARAMETERS

ouv T T T T T T _EI‘V
40
201

8
Number of iterations

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid




Conclusion and Perspective

Polygonal parametrization

Square, Aluminium media, Algorithml, Noise
Level= 0%

| | Target | In.Guess |

s; | 0.010607 | 0.0175
S 0.015 0.0175
s3 | 0.010607 | 0.0175
sy | 0.015 0.0175
ss | 0.010607 | 0.0175
S6 0.015 0.0175
s7 | 0.010607 | 0.0175
Sg 0.015 0.0175

ke € [67,333],a = 1,0° = 0.05

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid




Conclusion and Perspective

Polygonal parametrization
Square, Aluminium media, Algorithml, Noise

Level= 0%
RELATIVE RESIDUAL
150, T T
100- R
2

s0F 8

0 | . e N | |

0 2 4 6 8 10 12 14 16 18

Number of iterations

RELATIVE ERROR OF MATERIAL AND SHAPE PARAMETERS
60 T T T T T T




Conclusion and Perspective

Fourier Parametrization

Potato, Steel media, Algorithml1, Noise Level= 0%

| | Target | In.Guess |

s | 0.01 0.0125
s> | 0.007 0
s3 | 0.0025 0

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Conclusion and Perspective

Fourier Parametrization
Potato, Steel media, Algorithml, Noise Level= 0%

# lter | ke | TRR(%) | Errmae(%) | Errenap(%) | «
1 800 60.51 43.60 62.94 12
800 35.74 42.94 59.18 12

3 300 31.77 41.68 53.23 12
5 |800| 2307 | 4030 | 1976 | 12 |
7 |800] 1739 | 4182 | 1240 | 12 |
9 |800| 1175 | 4286 | 368 | 12 |
11 200 2.60 43.78 2.31 10-°
12 200 0.81 26.55 0.28 10-°
13 200 0.08 8.99 0.02 10-°
14 200 0.01 2.46 0.02 10°°
15 200 0.01 0.64 0.01 10~°

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid
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Fourier Parametrization

RELATIVE RESIDUAL

® 50¢ ¥

0 10 15
Number of iterations
RELATIVE ERROR OF MATERIAL AND SHAPE PARAMETERS
100, T —E”ma.
...Errshilp
® 50 =
10 15

0
Number of iterations

isotropic or anisotropic solid immersed in a fluid
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Fourier Parametrization

Potato, Steel media, Algorithm1, Noise Level= 0%
#lter=0
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Fourier Parametrization

Potato, Steel media, Algorithm1, Noise Level= 0%
#lter=3
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Fourier Parametrization

Potato, Steel media, Algorithm1, Noise Level= 0%
#lter=4
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Fourier Parametrization

Potato, Steel media, Algorithm1, Noise Level= 0%
#lter=5
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Fourier Parametrization

Potato, Steel media, Algorithm1, Noise Level= 0%
#lter=7




Conclusion and Perspective

Fourier Parametrization

Potato, Steel media, Algorithm1, Noise Level= 0%
#lter=9
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Fourier Parametrization

Peanut, Steel media, Algorithm1, Noise Level= 0%

| | Target | In.Guess |

s | 0.01 0.0125
s> | 0.002 0

s3 | 0.0005 0
sy | 0.004 0
ss | 0.001 0

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid
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Fourier Parametrization

Peanut, Steel media, Algorithm1, Noise Level= 0%

RELATIVE RESIDUAL

00 T T

=100 B
0 L L L L L
1 2 3 4 5 6 7 8 9 10
Number of iterations
RELATIVE ERROR OF MATERIAL AND SHAPE PARAMETERS
bl T T T T T T
A, _E"ma(
O T, = EMag
2 e
20 e i
0 | | -..-.\ """" L | .
1 2 3 4 7 8 9 10

5 6
Number of iterations
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Fourier Parametrization

Peanut, Steel media, Algorithm1, Noise Level= 0%
#lter=0
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Fourier Parametrization

Peanut, Steel media, Algorithm1, Noise Level= 0%
#lter=1
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Fourier Parametrization

Peanut, Steel media, Algorithm1, Noise Level= 0%
#lter=2
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Fourier Parametrization

Peanut, Steel media, Algorithm1, Noise Level= 0%
#lter=3
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Fourier Parametrization

Peanut, Steel media, Algorithm1, Noise Level= 0%
#lter=4
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Fourier Parametrization

Peanut, Steel media, Algorithm1, Noise Level= 0%
#lter=06




Conclusion and Perspective

Computational Methodology
Algorithm 2

> Initialization pao. meas, w® a® and A0, p0, 10 = 10 =71(s509 ..,509)
» WHILE Relative Residual (RR)> 0.01 && n <MaxNumberlter
» stagnation=100
» WHILE stagnation> 0.75
> as — FFP po (A", 1", T")
> Fréchet Derivative, ag:f i=1,..,r
» Recovery s;"™, ..., sy n=n+1
> stagnation= pgc%xpggl -100
» stagnation=100
» WHILE stagnation> 0.75
am — FFP po (A", 1", T71)
> Fréchet Derivative f’é’,’—i‘”, ‘r’g—ff
» Recovery, "1 "t n=n+1
> stagnation= pg‘?p% -100

v

> Increase the frequency (*¥) — Poo,meas

-
. &ug'a_.-. Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid
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Elliptic coordinate system

Ellipse,Steel media, Algorithm2, Noise Level= 0%

si,9 =T = {(sicosb,s,sinf), 06 ¢c]0,2n)}

| | Target | In. Guess |

sp| 0.01 0.0075
sp | 0.005 | 0.0075

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Conclusion and Perspective

Elliptic coordinate system

Ellipse, Steel media, Algorithm2, Noise Level= 0%

RELATIVE RESIDUAL
T

150 T T
1001 B
by
501 b
0 1 - L Il L L L
0 2 4 6 8 10 12 14 16
Number of iterations
RELATIVE ERROR OF MATERIAL AND SHAPE PARAMETERS
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Conclusion and Perspective

Elliptic coordinate system

# lter k¢ TRR(%) | Errmac(%) | Errshap(%) @
1 267 | 141.63 43.60 10.68 2
2 267 | 31.79 43.60 2.58 2
3 267 8.36 43.60 0.49 2
X\, 4 267 2.13 35.10 0.49 2.107%°
A\ 1 5 267 0.96 33.71 0.49 2.10°%
X\, 6 267 0.84 33.74 0.49 2.107%°
7 267 0.84 33.74 0.19 2
A\ 1 8 267 0.49 21.71 0.19 2.10°%
9 267 0.34 21.71 0.10 2
A\, i 10 267 0.27 13.03 0.10 2.10°%
11 267 0.18 13.03 0.05 2
X\, 1 12 267 0.14 7.57 0.05 2.107%°
13 267 0.09 7.57 0.03 2
X\ 14 267 0.07 432 0.03 2.107°
X\, [t 16 267 0.04 0.76 0.01 2-107%°




Conclusion and Perspective

Elliptic coordinate system

Circle, Aluminium media, Algorithml, Noise Level= 0%

| | Target | In. Guess |

s | 0.01 0.0075
s | 0.01 0.0075

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Conclusion and Perspective

Elliptic coordinate system

Circle, Steel media, Algorithm2, Noise Level= 0%
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Conclusion and Perspective

Polygonal parametrization

Square, Steel media, Algorithm2, Noise Level= 0%

| | Target | In.Guess |

s; | 0.010607 | 0.0175
S 0.015 0.0175
s3 | 0.010607 | 0.0175
sy | 0.015 0.0175
ss | 0.010607 | 0.0175
S6 0.015 0.0175
s7 | 0.010607 | 0.0175
Sg 0.015 0.0175

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Conclusion and Perspective

Polygonal parametrization

Square, Steel media, Algorithm2, Noise Level= 0%

RELATIVE RESIDUAL
T

150, T T
100 b
®
50 A
o h T . . . A
1 2 3 4 5 B 7 8 9 10 11
Number of iterations
RELATIVE ERROR OF MATERIAL AND SHAPE PARAMETERS
80 T T T T T T T e,
40 =M e
20 :.-.___.~ 4
. L — 4= ‘ ; ‘ ‘
1 2 3 4 8 9 10 "

5 6
Number of iterations

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid




Conclusion and Perspective

Polygonal parametrization

Square, Steel media, Algorithm2, Noise Level= 0%

# lter | ke | TRR(%) | Errmac(%) | Errshap(%) o
S; 1 67 120.28 43.60 22.22 1
S; 2 83 32.79 43.60 12.13 1
A, 2 100 14.79 4451 12.13 3,5 10~
S; 4 100 14.78 44 51 3.95 1
A, 4 117 5.86 44 55 3.95 3,5-10~%
S; 6 117 5.79 44 55 1.50 1
N 6 | 133| 145 4454 150 | 3,5-10 %
S; 8 133 1.45 44.54 0.48 1
N 8 | 150 1.40 23.07 048 | 3,5-10%
S; 10 150 0.89 23.27 0.35 1
A, 10 167 2.39 8.68 0.35 3,5-10°%
A, 11 167 0.91 1.83 0.35 3,5-10~%

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Conclusion and Perspective

B-spline representation

Rugby ball, Steel media, Algorithm2, Noise Level= 0%

| | Target | In.Guess |

s | 0.01 0.0175
s> | 0.015 | 0.0175
s3 | 0.01 0.0175
sy | 0.015 | 0.0175

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Conclusion and Perspective

B-spline representation

Rugby ball, Steel media, Algorithm2, Noise Level= 0%

RELATIVE RESIDUAL

150 T T
1001 B
®
501 A
0 | . L L L L L
0 2 4 6 8 10 12 14 16 18
Number of iterations
RELATIVE ERROR OF MATERIAL AND SHAPE PARAMETERS
bu T T T T T T _E"mal
o L,
201 A
o | ee——p—. | L
0 2 4 6 12 14 16 18

8 10
Number of iterations

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid




Conclusion and Perspective

B-spline representation

Rugby ball, Steel media, Algorithm2, Noise Level= 0%

# lter ke TRR(%) | Errmae(%) | Errsnap(%) o
S; 1 66.67 115.47 43.60 31.37 1
S; 2 100 46.13 43.60 10.90 1
S; 3 133.33 18.19 43.60 6.71 1
S; 4 150 3.54 43.60 4.05 1
Si 5 183.33 2.79 43.60 0.89 1
A, 6 200 1.21 21.19 0.89 2.10°%8
A, 7 200 0.93 9.69 0.89 2.107%8
S; 8 200 0.89 9.69 0.39 1
A, 9 233.33 0.21 5.35 0.39 2.10~28
A, 10 233.33 0.13 2.90 0.39 2.107%8
S; 11 233.33 0.12 2.90 0.39 1
A, 12 250 0.11 2.43 0.39 2.107%8

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Conclusion and Perspective

B-spline representation

Rounded Square, Steel media, Algorithm2, Noise
Level= 0%

| | Target | In. Guess |

s | 0.01 0.0175
s, | 0.015 0.0175
s3 | 0.01 0.0175
sy | 0.015 0.0175
ss | 0.01 0.0175
ss | 0.015 0.0175
sz | 0.01 0.0175
sg | 0.015 0.0175

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Conclusion and Perspective

B-spline representation

Rounded square, Steel media, Algorithm2, Noise
Level= 0%
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Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid




Conclusion and Perspective

B-spline representation

Rounded square, Steel media, Algorithm2, Noise

Level= 0%

# lter ke TRR(%) | Errmat(%) | Errsnap(%) o

S; 1 66.67 135.42 43.60 31.38 1

S; 2 100 25.52 43.60 19.22 1

S; 3 133.33 22.42 43.60 2.89 1
A, 4 166.67 4.03 13.09 2.89 35.-107%
A, 5 166.67 3.26 2.46 2.89 35-10~%

S; 6 166.67 3.19 2.46 0.93 1

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Conclusion and Perspective

Elliptic coordinate system

Ellipse,Steel media, Algorithm1,Noise Level= 2%

| | Target | In. Guess |

sy | 0.01 0.0075
s, | 0.005 | 0.0075

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Conclusion and Perspective

Elliptic coordinate system

Ellipse, Steel media, Algorithm1, Noise Level= 2%
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Conclusion and Perspective

Elliptic coordinate system

Circle, Steel media, Algorithml, Noise Level= 2%

Shape par.
51 0.01
S 0.01

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Elliptic coordinate system

Conclusion and Perspective

Circle, Steel media, Algorithml, Noise Level= 2%
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Conclusion and Perspective

Polygonal parametrization

Square, Steel media, Algorithml, Noise Level= 2%

| | Target | In.Guess |

s; | 0.010607 | 0.0175
S 0.015 0.0175
s3 | 0.010607 | 0.0175
sy | 0.015 0.0175
ss | 0.010607 | 0.0175
S6 0.015 0.0175
s7 | 0.010607 | 0.0175
Sg 0.015 0.0175

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Conclusion and Perspective

Polygonal parametrization
Square, Steel media, Algorithml, Noise Level= 2%

RELATIVE RESIDUAL
T T

Relative Residual

6 8
Number of iterations

RELATIVE ERROR OF MATERIAL AND SHAPE PARAMETERS
T T T T

T T
52

-

I

T
/

1 1 1 1 L L

Relative Error of Material and Shape Param

6 8
Number of iterations
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Conclusion and Perspective

Polygonal parametrization

Square, Steel media, Algorithml, Noise Level= 2%

# lter | ke | TRR(%) | Errmar(%) | Errshap(%) o
1 67 121.74 43.60 43.85 2
2 100 34.31 43.61 26.47 2
3 133 26.70 43.61 16.92 2
4 167 12.09 43.60 9.35 2
5 200 3.18 43.55 4.61 2
6 233 2.34 43.50 3.97 2
7 267 1.61 43.42 4.23 2.10°°
8 300 1.09 34.92 4.09 2.10°°
9 333 0.47 27.75 3.64 2.10°°
10 367 0.25 12.03 3.35 2.107°
11 400 0.09 3.02 3.33 2.10°°
12 433 0.02 0.12 3.37 2.10°°

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Conclusion and Perspective

B-spline representation

Rugby ball, Steel media, Algorithml, Noise Level= 2%

| | Target | In.Guess |

s | 0.01 0.0175
s> | 0.015 | 0.0175
s3 | 0.01 0.0175
sy | 0.015 | 0.0175

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Conclusion and Perspective

B-spline representation

Rugby ball, Steel media, Algorithm1, Noise Level= 2%
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Conclusion and Perspective

Rugby ball, Steel media, Algorithml, Noise Level= 2%

# lter | ke | TRR(%) | Errmar(%) | Errspap(%) «@
1 67 114.95 43.60 43.85 1
2 100 47.13 43.61 31.42 1
3 133 18.55 43.60 11.07 1
4 167 3.61 43.60 6.85 1
5 200 2.83 43.60 4.14 1
6 233 1.22 43.59 0.90 107
7 266 0.32 24.43 0.10 107
8 300 0.04 2.42 0.01 10~7
9 333 0.01 0.46 0.00 1077

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Conclusion and Perspective

B-spline representation

Rounded Square, Steel media, Algorithml, Noise
Level= 2%

| | Target | In. Guess |

s | 0.01 0.0175
s, | 0.015 0.0175
s3 | 0.01 0.0175
sy | 0.015 0.0175
ss | 0.01 0.0175
ss | 0.015 0.0175
sz | 0.01 0.0175
sg | 0.015 0.0175

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid



Conclusion and Perspective

B-spline representation

Rounded Square, Steel media, Algorithml, Noise Level= 2%
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Conclusion and Perspective

Rounded Square, Steel media, Algorithml, Noise Level= 2%

# Iter | ke | TRR(%) | Errmat(%) | Errsnap(%) o
1 67 135.73 43.60 43.85 1
2 100 26.34 43.61 31.34 1
3 133 22.63 43.64 19.51 1
4 167 3.94 43.72 3.00 1
5 200 1.31 43.71 1.51 1
6 233 2.21 43.70 1.96 10~7
7 267 1.23 14.29 0.92 107
8 300 0.28 18.13 0.64 10~7
9 333 0.10 2.82 0.18 107

Shape and material parameter reconstruction of an isotropic or anisotropic solid immersed in a fluid
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