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Motivations 3D parametrized model of the human eye [1]

Eye2brain project: develop a reliable and efficient mathematical and
computational framework to simulate and predict the functioning and
the connection between the eye and the brain
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Model complexity In silico Ambient air
e Multiphysics / multiscale problem model |
e Numerous parameters and scarce Prohibitive cost in 3D % | Lamina Cribrosa
real data Blood

Ty, blood temperature [K]

‘ ’ Vitreous Humor

e Influence of multiple risk factors
or a combination of them

Uncertainty hy blood convection
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quantification ) '{ coefficient [Wm 2K 7]
(UQ) reduction Tamb @ambient temperature [K] COrnea
h.mp air convection _ o
coefficient [W m—2K ] E evaporation rate [W m™]

¢ permissivity of the cornea [-]
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Model Order Reduction with Feel++ [2] Sclera

’ _ 0T, Boundary conditions:
Model dependant on Heat transter equation: p; Cp,i Ot V- ( VT’) =0 e Non linear Neumann condition on [ y:
parameter ;n € D* on 2 = U,Q); B or 3 ‘4
. . . . . keonea— = Mo (T ) +o(T ) +
Input files: cfg and JSON J e/ c {1,..,10} is the volume index (Cornea, VitreousHumor, Lens, Lamina, on
CJEE]L L OpticNerve...),
___________ _f‘ Xl KLis th b vl _ Stefan—Boltzmann constant: ¢ = 5.670 W m—2K~*.
( \ o Ti [K] is the temperature in the volume /, This condition can be approximated as a linear one [4].
) | o ki [Wm™1K™1] is the thermal conductivity, p; [kg m—3] is the density and C,; _ N oT
PrObIem SOIve [J kg—lK—l] is the SpeCI'I:IC heat. P e Robin condition on rR: —k,% = (T — )

MOsu(p)+A(p)u(p) = F(p) — u(1t) € RV finite element solution

se(pe) = Li(pe)u(pe) :

Affine decompositic:an (Empirical Interpolation Method) Verification and \IalidatiOn Of the mOdel
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| Model Order Reduction | Parameters used in the model (see figure above) : Comparaison with measured data over GCC:
I
~ q q ; . . 3 — Measured values
| * Aln) =~ Eq:ﬁA(“)A : Offline Stage Symbol| Dimension baseline value g v )
I . .o . . S 1f
| o F(u)~ ZB/@(N)FP | (reqwrgs N.flnl.te element resoluion € [ ] 0.975 £
s | of high fidelity — snapshots) Tamb [K] 208 Z o5
: o Li(p) ~ Zﬁfk(M)Li | T, [K] 310 EZ | \
| : I Pamb [W m_ZK_l] 10 = 1 05 0 05 1
I —21/—1 Distance to center (cm)
| Generation algotirhm ) [W m K I 05 _
| I E [W m—2] 40 Mesh convergence study:
| 1 1 Fully non-linear model Linearized model
: Reduced Basis construction | Basis of snapshots, Klens [W m K I 0.40 300.394 - B 100388 .
N _ . 5 . . . - - P, . —— Py
e Z" =[&, -+, &n] reduced basis €= of size N with N < N/ Baseline values are taken from [6]. s 0
 S={p, -, pn} sample | Computed only once, then stored ' 3 X,
I _ ° 30039 < 300.384 |
N ; Order of convergence for a toy problem with \\ o R
analytical solution: . U e
1 0 1 2 100 10° 10! 102
Online st No P-elements P>-elements N l(jv (.106)10 N N (-10°)
nline stage rm
: © N _ _ Expected slope | Observed slope | Expected slope | Observed slope
Given v € DH, & up(v) € R" reduced basis solution 2 Ocular surface temperature:
compute efficiently up(u), sk n() . 2 2.318 3 3.628 Model prediction 307.98K
H 1 1.170 2 2.316 Experimental literature [3] 307.80K

Uncertainty quantification

Deterministic analysis: Sensitivity analysis: Sobol indices on the output To:
One parameter can vary, while all 0 G .
the other are fixed to the baseline B Uncertainty on parameters 0.9 o First order I
. - : 0 . ]
value. o 1= (1, ..., ftn) With i ~ X; €= We take X; = U(baseline £+ 10%) o Total order
e : e X, are independant random variables 0.8
We focus on specific locations and 0.7
the mean value of the temperature Featured geometrical l 0.6 ]
In the cornea. Ioc.:atlons for the output Output of interest 05
of interest (temperature) 04
Example of parameter with an impact on the Parameter with no impact on the output Y o= sen(p) = (X1, Xo) '
output, and comparaison with literature 0.3
Effect of h,mp at point O Effect of kiens at point O 02 i *
B T [== Feel | | ‘ | S |
306 | | | ——Feel++ Ii—::arized 306.8 | // s Sobol indices O]' * * * * * *
— IR
cott - x . ® [TIrSt order o; — :
3 304 1 | |= Lietal 3D [5] < 306.6 //7’/‘ Var[Y] Computed using I I I I I I |
= 302) 1 ~ 3064 1 tol Var [E[Y|X_/]] Openturns E Tamb 7-bI < hamb hbl klens
e Total order 5/° = o _
300 | ] i | Var[Y] Parameters with significant impact: h,m, then hy.
| ghasdnevale 62 \ where X_; = (X1, ... X,) \ X, . L
ol 102 02 03 04 05 Parameters with moderate or minimal impact: €, Ty,...
ham, (W m~2K™) Kiens (W m ™K ™) Total order indices show that interaction of higher order are present.
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