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Context

1 Derive pseudo-observations of circulation velocity from sequence1. Derive pseudo-observations of circulation velocity from sequence 
of Sea Surface Temperature (SST) image sequences. 

2. These pseudo-observations are in turn assimilated in an ocean 
circulation model. 
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Estimation of the apparent velocityEstimation of the apparent velocity

Estimation
of velocity

SST 
image 

sequence

• Common approach: 
• Image processing techniques

(correlation optical flow )

• Data assimilation approach:
• Image Model: expression of the 

transport of temperature by surface(correlation, optical flow, …) 
• Problem: missing data, cloud 

coverage
i ibl t t

transport of temperature by surface 
velocity

• Assimilation of SST within the Image 
Modelimpossible to compute

derivatives. 
Model 

estimation of initial velocity field
even when data are missing. 
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Image Models
Simple Image Model Extended Image Model

g
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Configuration of the assimilation process #1g p

• Perfect model

• No assumption on the background  term

U l t d b ti• Uncorrelated observations. 

• Control variable = initial conditions• Control variable = initial conditions
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Configuration of the assimilation process #2g p

P ti l t f ti• Practical cost functions:
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Configuration of the assimilation process #3g p

E ti ti f i iti l diti• Estimation of initial conditions

obs1 obs2 obs3 obs4 obs5 t

t0 tend = τ

• Background terms

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

• T T ( ) b t k l t ( ti )• Tb = Tobs1, (ub,vb) can 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-diffusionsoftware 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.of temperature and the shallow water equations. 
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Parameters for the SIM 

• The SIM depends on several parameters: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 Tb, ub and,vb. 

 

Simulation of the experiemental Coriolis platform. 
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Estimation with J1s a o J

Real velocity field Velocity field estimated with J1
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Estimation with J2s a o J

Real velocity field Velocity field estimated with J2
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Estimation with 5 imagesg

Champ réel Champ estimé avec J2
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Estimation with 4 imagesg

Champ réel Champ estimé avec J2



14

Estimation with 3 imagesg

Champ réel Champ estimé avec J2
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Estimation with 2 imagesg

Champ réel Champ estimé avec J2



16Background velocity

Horn and Schunk SIM and background velocity = Horn & Schunk

ground truthSIM and background velocity = 0

GFME SIM and background velocity = GFME
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Comparison between the two modelsp

Initial 
Temperature

Initial velocity Initialη

Five observation computed by the Extended Image Model (shallow water)
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SIM

J2 + 5 imagesJ2 + 5 images

Background conditions:
Tb = Tobs1
ub = vb = 0

EstimationGround truth
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EIM (twin experiment 1)

J2 + 5 images

( p )

J2 + 5 images

Background conditions:
Tb = Tobs1
ub = vb = 0
ηb = η0 exact.

EstimationGround truth
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EIM (twin experiment 2)

J2 + 5 images

( p )

J2 + 5 images

Background conditions:
Tb = Tobs1
ub = vb = 0
ηb = 0.

EstimationGround truth
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EIM (twin experiment 2)( p )
Estimation of η0:

Ground truth for η Estimated η
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EIM (twin experiment 3)

Background conditions:

( p )

8

10

Background conditions:
Tb = Tobs1
ub = vb = 0
ηb = η0 degraded 2
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EIM (twin experiment 3)( p )

η0 ground truth ηb η0 estimated
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Introduction of a weighting coefficientg g

To reduce the influence on the η component against otherTo reduce the influence on the η 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:

( p )

Using the weghting coefficient:

Background conditions:
Tb = Tobs1
ub = vb = 0
ηb = 0.

EstimationGround truth
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EIM (twin experiment 2bis)( p )
Estimation of η0:

Ground truth for η Estimated η
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EIM (twin experiment 3bis)

Background conditions:

( p )
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EIM (twin experiment 3bis)( p )
Ground truth for η

Estimated η
ηb
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Satellite imagesg
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SIM results

Estimation using Estimation Estimation usingEstimation using
J1

Estimation 
computed at MHI

Estimation using
J1 + background 

from GFME
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EIM results

background:background:
Tb = Tobs1
ub = vb = 0
η = 0ηb = 0.

b k d

Estimation using
J1

Estimation using
J2

background:
Tb = Tobs1
ub = vb : computed with SIM

0ηb = 0. 
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EIM results

background:background:
Tb = Tobs1
ub = vb computed with GFME
η = 0ηb = 0.

Estimation using
J1

Estimation using
J2
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Conclusion and perspectivesp p

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

• How to improve the approach?p pp
• 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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