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e mativationn

input:  biomedical imaging provides efficient techniques for the collection of a large
amount of data

goal: use these data to have an accurate approximation of
the blood flow in the vessel

ultimate goal: prediction of the occurrence of diseasespatients
estimate thereliability of our results

how: including the data in the numerical simulatioe®mbining measurements and
dynamic principles governing the system
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input:  biomedical imaging provides efficient techniques for the collection of a large
amount of data

goal: use these data to have an accurate approximation of
the blood flow in the vessel

ultimate goal: prediction of the occurrence of diseasespatients
estimate thereliability of our results

how: including the data in the numerical simulatioe®mbining measurements and
dynamic principles governing the system

observed data +rmathematicalmodel=Data Assimilation (DA)

Source: Dr.Brummer, Emory CHOA
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- ¢ owtioee

@ siep) -1  state of the art of Data Assimilation techniqueshbriefly

@ step @ choice of the most suitable approach
~ presentation of proposed methods
© introduction of the problem at hand
~ comparison of numerical results
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@ step 1

@ step 2

@ step 3

(_

State- o1 the=-alll ; ;

state of the art of Data Assimilation techniquesbriefly

choice of the most suitable approach
presentation of proposed methods
introduction of the problem at hand
comparison of numerical results

DiscretizeOptimize (DO) approach fdmear problems (StokesQseer)
formulation
numerical results

DO iterative approach fanonlinear problems (NavierStokes)
formulation
numerical results on 2D curved domsi

conclusions, current and future work
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e State offthe=artrt

history: £ZEOOOI U ET OO01T AOAAA EI

data: sparse, irregularly distributed and noisy A
governing principles: known and described by a mathematical model
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e state: offthe=artrt

history: ZEOOOI U ET OOl AGAAA EI

data: sparse, irregularly distributed and noisy
governing principles: known and described by a mathematical model

O! T Al U OE Ostimation Theory Dynamic Control Theory (CT) time
Interpolation Kalmantype techniques relaxation Stochastic techniques line
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e state: offthe=artrt

history: ZEOO0OI U ET OO0T AGAAA EI /El OEA
data: sparse, irregularly distributed and noisy
governing principles: known and described by a mathematlcal model
O! T Al U OE Ostimation Theory Dynamic Control Theory (CT) time
Interpolation Kalmantype techniques relaxation Stochastic techniques line

nowadays. availability ofA FZAEAEAT O 0$% 60 O1I 1 OAOO AT A 101 AO
optimization problems choice ofCTapproaches
meteorology: DA used for finding the optimal initial condition
biomedics: AOOEI AOCEIT 1T &£ 11 AAI 66 DPAOAI AOA O«

estimation of blood flow with control on the initial condition
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notations : vessel domain () C R? with boundail';;, T'our Twail s
variables u,p
data d < RP . vector of measured velocites on sites

Source: Dr.Brummer
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- ¢ formujatonn. ...

notations : vessel domain 2 C R? with boundail';;, T'our Twail s
variables u,p
data d € R”, vector of measured velocites on sites
state equations: [ —V V- (Vu+Vu®)+(u: w Vp :’in 0
V-u=20 in Q
(S){ u=0 on Toall Source: DrBrummer

—v(Vu+Vu') n+p-n=h on Ty

L7 (Vu+Vu') n+p-n=g on Iy
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H

notations : vessel domain ) C R?  with boundal Ui T'owt Twall s
variables u,p
data d € RY”, vector of measured velocites on sites
state equations: (v V- (Vu+Vul) + (u- W—F Vp :’in 0
V-u=0 in
(S){ u=20 on I'ywai

—v(Vu+Vu') n+p-n=h on Iy,

L7 (Vu+Vu') n+p-n=g on Iy

data assimilation: find h* s.t.
dist(u(h*),d) < dist(u(h), d)
under the constraint of(S)
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we propose 4 approaches for the Stokes d
problem with unknown boundary condition on ¥
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e loakingfonthe déstdpproachich

R
we propose 4 approaches for the Stokes d d d SR

i it * eRad]
problem with unknown boundary condition on : RRREH
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splitting methods:

1. Matrix Updating MU)

S,f discretization matrix and
rhs for the problem(S)
c coefficient in (0, 1)
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we propose 4 approaches for the Stokes
problem with unknown boundary condition on

splitting methods:

1. Matrix Updating MU)

A\

S,f discretization matrix and
rhs for the problem(S)
coefficient in (0, 1)
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2. Domain splitting DS)

solveproblem (S) oblein1,2,3 separately with
Dirichlet boundary conditions
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control methods

3. Optimize then Discretize@D): given,

J(u)=%f(u—d)2dy S.L. vau-Vvdx—fpV-vdx—qu-udX+fhvdy=0
[y

Q Q Q rin

. State- 0l the-ar . INE& LESE . HONINESV| EaSe . CONCNISIONS




e loaking-fonthe dést dapproachich

control methods

3. Optimize then Discretize@D): given,

J(u):%f(u—d)zdy S.t. vau-Vvdx—fpV-VdX—qu-udx+fhvdy:()
Iy

Q Q Q rm
solve the system of necessary conditions induced by the Lagrangian

vau-Vvdx—fpV-vdX—fhvdy+qu-udX:0
Q Q

Q rm

f(u—d)wdy+va-/luVdean/lpV-de—frV-/l,:,dX:O
['y Q Q Q

— [ Ausdy =0
i
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e loaking-fonthe dést dapproachich

control methods

3. Optimize then Discretize@D): given,

J(u):%f(u—d)zdy S.t. vau-Vvdx—fpV-VdX—qu-udx+fhvdy:()
Iy

Q Q Q rm
solve the system of necessary conditions induced by the Lagrangian

upon discretization (with Finite Elements method)

S O N \Y .
J] S O|-|A]|=F, szlg ](3) },vzlg],A:[Uﬂ]
O N 0O H
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control methods

4. Discretize then OptimizeO): given,

selection matrix:

1 2, @ 2 st —
5DV —di; + 5 ILH]; St SV-NH =0 D =[Q O]
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e loakingfonthe déstdpproachich

control methods
4. Discretize then OptimizeQO): given,

selection matrix:

1 2, 4 2 st —
SIDV —di} + 5 ILHI3 St SV - NH =0 D=[Q O]

solve the system of necessary conditions induced by the Lagrangian

SV-NH =0
T T Stokes matrix:
D'(DV-d)+S'A=0 lc BT]
_ _ S = B O
aL’LH-N'A =0
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e loaking-fonthe dést dapproachich

control methods
4. Discretize then OptimizeQO): given,

selection matrix:

1 2, 4 2 st —
SIDV —di} + 5 ILHI3 St SV - NH =0 D=[Q O]

solve the system of necessary conditions induced by the Lagrangian

SV-NH =0
T T Stokes matrix:
D'(DV-d)+S'A=0 lc BT]
_ _ S = B O
aL’LH-N'A =0

by using the Reduced Hessain method,

Z'Z+al"LYH = Z'd 7=6DV(H)/6H

reduced hessian sensitivity matrix
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