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Image Sequence Assimilation evolution

Sumimary Numerical Experiment : Vortex

In order to forecast the evolution of a dynamical system such as gophisical fluids (ocean, atmosphere, continental waters), all Challenge

the available information have to be accounted for. They are of very different nature : set of non linear PDE (mathematical-type
information), in situ measurements and remote sensing (physical-type information), statistical and qualitative informations.

The forecast is produced through a model integration starting from an initial state, from which the system evolution is very
sensitive. Consequently, the issue is to evaluate the initial state in a consistent manner from all this heterogeneous sources of
information. At the beginning of the 80s, techniques coming from the optimal control theory were proposed to achieve this task.
These techniques are now adopted by the main numerical weather forecast centres.

For few decades, a large number satellites dedicated to earth observation has been launched, in order the improve our knowledge of
the atmosphere and the oceans. They provide, among other things, numerous sequences of images. These sequences clearly have
a strong predictive potential due to the fact that they contain information about the dynamics of the observed system. Currently,
this kind of information is unfortunately not used in an optimal manner in conjunction with the numerical models.

This poster presents an extension of the optimal control based techniques to the assimilation of images. A quadratic term measuring
the misfit between the images equivalent produced by the model and the observed images is introduced in the usual cost function.

Experiments and simulation

Define appropriates observation operator and measure of the misfit.

Numerical Simulation

Shallow water model, Passive Tracer Advection

Properties of images et image sequences

s Indirect observations of the system state (radiances in the case of satellite images)

s Pertinent dynamical information localized on singularities
— The misfit to the observation cannot be computed the same way as standard observation.

Plateforme Coriolis, LEGI, Grenoble
Model and Operators

1solated vortex

Proposition

- Shallow-water model
s Define an appropriate space for the computation of the misfit to images. ’

s Define the appropriate functions mapping the space of model output (resp. the space of image observations) to the above
mentionned state.
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Evolution of a dry intrusion in a sequence of MeTeOSAT (water vapour canal): from a simple anomaly to Twin experiments

CyClOgeneSiS Image and True Velocity Field (24 h) Image and Forecasted Velocity Field (24 h)
Control parameters Simulation / 200 [ T 2,00 P Initial True Velocity Field (m/s) Initial Analyzed Velocity Field (m/s)
: Model ] r 1
.Q) o, 0 Oe R z g 2.00\\\\\\\\\\\\\\\\\\\ 2.00\\\\\\\\\\\\\\\\\\\
&0 (Initial state ...)  —— M > Forecast % a0 ] o < 150 i ] i ]
o % 180 7 i % 180 7 I - -
2 { X, € R" x/ € R" LR C ] | i
ol £ ] r T ] L @2 1.80 RBETRN 2 1.80 S
@) z y" Z 160 - Z 160 - s . S - ] . . -
- - i R I £ B N | g
E i Lj_,V e 140 - 2 140 - T 180 .Ei'fl????ff:’:ij{\\\“?::i;if? N T 180 N
| S J L S J L 5 TN NN 5
2 i L NV 8 S 8
T - 7 i - - —F i ] £ N\ T L -
Fig 3.6(a). 19D uTc, Fig 3. .19D UTC, Fig 3.6(c). 20 D UTc, Fig 3. .20D uTc, B 120 D — B 120 —
C;g 8 allgoﬁr?é?gatlﬁ 'Ze'cfr::tﬁ(rpﬁ?iiﬁnztc:fr?(ozone. allgoair?t}ibc)atlg‘SFSI::b;;rli?gt?Haoo allsgo?’ir?d(gaé[cll‘Sﬁcfhrzzirr;ilg:t.at 0000 allgo?}fcl(?c)atig ‘\f’cflzzb;;:r‘ll(ii?rzlt.uoo t — 2 4h ;i:fance ;If:g Wes11'-8EOast axizs.o((r)n) 220 ;i:?ance ;If:g We;t-ioast axizs-o&) 2.20 a . ” F a 8
( . . ) Image and True Velocity Field (12 h) Image and Analyzed Velocity Field (12 h) ] LO . go ; ;0 5 l)o 5 ‘20 ] 110 ; ‘60 ; ;0 5 ‘00 » ‘20
. O A prlorl 200 ,‘ T s L 200 ,‘ e L Distance aI‘ong West.-Eastaxis. (m) . Distanceal.ong West.-Eastaxis. (m) .
: imali Knowl T ] i T ] i
Image sequences contain: ptimality owledges g ] - g ] g True initial Analvsed 1
System ‘ B € R™x" i S R : rue initia nalysed true
a large amount of high resolution information pxp g o - 5 10 ] - : :
y 5 5 ) | ek £ S A f velocity velocity
s structured informations about the dynamics of the observed systems, / \ S A -
E 120 ] [ g 120 B [ Isolines of angular error (_d_egrees)_
treme event precursors 8 ol | g = 1| e et over e velochy norm ey
‘ eX p . Image PhySical T T T T T T T T ] b [T T T T T 200 W 7z ‘|S;L|1;Esigi\h)<\s‘\L\|Els\‘ngi>M;T;13;9:50‘EG;EE‘S RMS Vel E
o elocity Error
[} ® [ [ ® ) Sequences Observatlons t p— 12h I:)f‘st?ance ;Ifr(l)g We;tioast axizs-o((r)n) 220 [;i:?ance ;Ifr?g We;t.ioast axizs-o((r)n) 220 £ 1 “ > m\&\ 1 11 }‘I L1 1 |
‘ 7 g 3 : E 180 0 %10" C
ar lat 10 nal aS S lml lat 10 I]_ Of 1 mage Sequences f’L E Rth yZ E Rp Image and True Velocity Field (0 h) Image and Analyzed Velocity Field (0 h) -.g ] \ i/ S \ 5x10
2.00 ‘ L] ‘ 2.00 Lo | B R B Z K n
£ 160 1\ A\ 4x10" N
’Classical’ data assimilation S 5 - p ¢ JUNE -
% % s 140 - 5 i
Image Operator % . TN AR L : 2 | g
I . e t 3 1 Mot & ,; " 3 1 ety ,—l o 8 1.20 7 ] /
ngreC 1€e11lS s 1407 NN B § 140 Y= B o' o
L . : g ,u L
Hy_s(v) = Threshold of the image v . S PN g : ;
( ax 8 : 8 Distance along West-East axis (m) 0x10° I B T T T 1
—_— :F T FPrllDfl l I r . . . . ‘ = B a0 0 2 4 6 8 101214 16 18 20 22 24
» Model { ot (@), +€[0,T] (F : Partial Derivative Operator) » multi-scale multi-orientation transform L — o0h S — Time (ours s aimospner)
. p— . Distance along West-East axis (m) Distance along West-East axis (m)
z(0) = zp , Initial state : Angular error RMS error
‘o . o . N r in the curvelet frame: v = E (v, Spj,l,k>90j,l,k Vérité analyse 5
— Numerical model: discretized in space and time (¢;);'

M;(x) -

approximation to the PDE solution at time ¢;; with xq being the initial state

s Observations: mesures of the state of the system y© areavailable

YA

index
index (7 dependent)
index (j and [ dependent)

Real-data experiment
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(Le Dimet, 1980), (Lewis and Derber, 1985), (Le Dimet et Talagrand, 1986)

(www.curvelet.org)

(E. J. Candes and D. L. Donoho, 2004), (L. Demanet 2006)
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