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framework.
Comparison between Simple and Extended Image Model
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Context

1. Derive of circulation velocity from sequence
of Sea Surface Temperature ( ) image sequences.

2. These pseudo-observations are in turn In an ocean
circulation model.

SST

image Processing
sequence

Circulation Circulation
velocity model

Forecast
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SST
image
sequence

Estimation
of velocity

« Common approach: » Data assimilation approach:
Image processing techniques Image Model: expression of the
(correlation, optical flow, ...) transport of temperature by surface
Problem: missing data, cloud velocity
coverage Assimilation of SST within the Image
impossible to compute Model
derivatives. estimation of initial velocity field

even when data are missing.
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Image Models

Simple Image Model
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Configuration of the assimilation process #1

 Perfect model
e No assumption on the background term
 Uncorrelated observations.

e Control variable = initial conditions

1 ‘
I(Xy) = = f (T(Xo) — Ty)?dD
D
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Configuration of the assimilation process #2

 Practical cost functions:

1 18
J = / (7 = T + S v uf +] v o]

/[ (T — T..,,r,t,s %((1|V(11\ v\ + 3 V(1111v| ) dD

%I INRIA




Configuration of the assimilation process #3

 Estimation of initial conditions

v
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« Background terms

The background X, is not used as a regularization term but it doesn’t
mean it isn’t important.

T, = Tops1s (Uy,V,) Ccan be taken equal to zero (no assumptions) or
computed by image processing softwares: such as Horn & Shunk
method or GFME (Geofluid Motion Estimation).
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Notations

SIM  We call here Simple Image Model (SIM) the assimilation
software using the image model based on the advection-diffusion
of temperature and frozzen velocity hypothesis.

EIM We call here Extended Image Model (EIM) the assimilation
software using the image model based on the advection-diffusion
of temperature and the shallow-water equations.
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Parameters for the SIM

The SIM depends on several parameters:

The choice of the cost function (J1, J2, ...) and the value of their
parameters,

The number of observation used,

The background values for T,, u, and,v,.

Simulation of the experiemental Coriolis platform.
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Estimation with J1
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Estimation with J2
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Estimation with 5 images

R
Y I - v % e w LA
W b A A - w % R % F 2 B
L U Y A 4 /-w‘\\‘z‘ Vom o= o
= v b4 AT ﬁ“\\\ R
o T T w“k\\ .o L
= = = % h h J{&""\h\ P
- = ow e v h ,l"‘\\ W oa v
- = T % % % J}V\k‘ WAoo P
- w o =w ow o™ e /.&“\"ﬁ A<U
- = - = ¥ f&“}}‘ ‘\V*\Q.
- w T o« o= b f}hf‘? £mm s
w W = o= = ﬁf/ﬁ Ve »
- o= o= = r\ﬁfﬁ’ 1o - -
.- e o= ow A Yo, -
= e e e R A A A | e o, -
- = = = v % o A A4 g AT
= e o owm omow A A A ) V:-,f,;
e .:Z E A A VoaoL
poo= = = s == k) A S A | = = 4
L, == = e = = " 4 E R I ] z Fm
L. Y & e 2 £ » £ B - = > = o A4 4 4 AA;.A7
I Y AR Fob o1 w a A I A
E N L T R N N T TR T
S £ e e £ [ B T - - &

INSTITUT NATI

DE REC 3 centre de recherche
EN INFORMATIQUE ; ll N RIA PARIS - ROCGQUENCOURT

ET EN AUTOMATIQUE




13

Estimation with 4 images
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Estimation with 3 images
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Estimation with 2 images
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Background velocity 1

Horn and Schunk

SIM and background velocity = 0 ground truth
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Comparison between the two models

/

—

PSS

e\
/\ \

=

AN=E
\Q&E::ii?///

21y
)

Initial
Temperature

Initial velocity

Initial

centre de recherche
PARIS - ROCGQUENCOURT

17




18

SIM

J2 + 5 images

Background conditions:
Tb - Tobsl
u,=v,=0

Y NN

Ground truth Estimation
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EIM (twin experiment 1)

J2 + 5 images

Background conditions:
Tb - Tobsl
u,=v,=0

My = 1o €xact.
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EIM (twin experiment 2)

J2 + 5 images

Background conditions:
Tb - Tobsl
u,=v,=0
= 0.

Ground truth Estimaitign
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EIM (twin experiment 2)

Estimation of 7,

Ground truth for n
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EIM (twin experiment 3)

Background conditions:
Ty = Tona
n, = n, degraded
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EIM (twin experiment 3)

1o ground truth Ty 1, estimated
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Introduction of a weighting coefficient

To reduce the influence on the » component against other
components of the state variable, we introduced a coefficient w into
the image model:
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EIM (twin experiment 2bis)

Using the weghting coefficient:

Background conditions:
T, = Topa

1, = 0.
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Ground truth Estimation
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EIM (twin experiment 2bis)

Estimation of 7,

Ground truth for n Estimated 7
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EIM (twin experiment 3bis)

Background conditions:
T, = Topa

n, = n, degraded -
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EIM (twin experiment 3bis)

Ground truth for

Estimated n
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Satellite images
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SIM results
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Estimation using Estimation Estimation using
J1 computed at MHI J1 + background
from GFME

INSTITUT NAT
DE REC centre de recherche

EN INFORMATIQUE . PARIS - ROCGQUENCOURT

AUTOMATIQUE




bos

VLA S

v 2N

Ny

results S
LN Ny s

ANy

=y 7,

background: SR
Tb — Tobsl N L
, =, = 0 3

. S S S <SS NS SSANN<2 4oy opop kb AV FE sy S s S <SS < S ~S\Y<2£.poyy
aC r u N < < < <= < <N NN = £ .4 94 4 ¥V V¥V y b sy ~ < = < <= = <= % % %~ < 4 A Y
() Il "
S < < <= <= < <N << <2 4.4 4oy b bV Vb ks N < <= = < <X N SN <=2 4.4 04 4 05V ¥ ¥ b s s s
R A A A S I V2 N~ < = <~ < S S < bbpopoyg oy b bk s
lb p— z b 1 = = = < < <= = P Y A A A [F = = = = = = < = o b o g oy g F F ¥y oy ¥ ¥ k£ F
obSs N - e e e e Y I A A A A T A
. d . hSIM R P T Y N R B 2 2 R 6 = £ £ o o b o £ e e £ £ £ £ g g F y oy ¥V F S
ub—vb.c0|||pute wit A A S
e e R R A A » - by o e k£ ke b £ £ £ L op oy oy kb b yor o#
_0 . i o s £ £ £ £ = = & VA A A A A R R NN N N R
b " VA P A B B P A A A A A
L 4 L 4 = < = = o o 4 & & L g & L & £ = L £ £ £ £ = <= = o 4 L £ £ L p £ £ £ £ =
b 4 2 2 <= = === o=~ < < 2 =< < < < b b o = € = << - e e < < 4 o= <= < < =
b 4 e - =SS ST <= <<= Y % % < P - oy v <
PRPRPESEEEG S SSNE S SN PR =~ My =
A
e sy s oa=-= - x M N o2 PR = ~ Mho o2
N~ s L s os e~ A 2 PR Y I
VA ( VAN
Ny oy s b= S 7 = s op S 7 = -
> A NN v < B U T N S
=y oy ox g ¥ S A2 A A e P
L NN, — =~ N N vy s <
Ny s s s » oy g s
* A A A A XN N v o= < p PR
/ / & VA s ) ;, =
/A NN N - o< < LA A P N
///////’/ VAV A A A YA YA AN N A
y | W N N, s ~NY % % < < <
A S A VAV AN SN 4 vy
Y N~ < < =< , I SR
S |y o<
N £y S A ey P’
o o NS s <~~~ o O . ‘ V A s~ < < <
P A A I AV A VoY

INSTITUT NATIONAL
LS (LIS centre de recherche

EN INFORMATIQUE PARIS - ROCGQUENCOURT

ET EN AUTOMATIQUE




ROCQUENCOURT

EIM results

u, = v, computed with GFME

Tb — Tobsl
77b — 0

background

N A A A IR @
_ =
e U W W R S S 2 2 T TR [Z]
-~ \ m
= \ [+
@
- : w 1
- @
-
@
- o) =4
N £ c g
@
7 30
3 o
o =)
PR N N N c
U N VRN WY NN NN Y e o AN
I N W T T A A A A v\ -~ =~ i S G = D
\ U NN OO\ N g
NN N Ny oy oy é,/,//‘»t»\v‘wev////// m
NNy oy vy NN N =
VN Ly . //%/ 175)
oy vy ¥ Now NN N\
SO LLl
L T T T R RN \
s I T N NN
SN N N NN
\
NohA =~ Ny NN
A7 7 7 4 4 7 3 Ny NS =
1 7 7 7 4 4 4 5, N N s <
A A dra a4y, N -
\\\\\\\\w\\\<\>,///4/‘
\\“%44\\n\\%%\x\/
=} w
=< =]
= =]
L =
= =
= =<
= =
£ o
e e S N N T T A A 2 2 2 2 A T TR T [ =
=] 2
= <
= F
0 w
= =
w
()]
c
0
=
c
el =
=
=]
n




Conclusion and perspectives

 The quality of the estimation strongly depends on the background
conditions — especially for the  component — even with the
regularization term.

« How to improve the approach?
By taking into account the R and B matrices in the assimilation process.
By taking into account a non-perfect Image Model.
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