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Context [1/2]

SPIDER (Segmented Planar
Imaging Detector for ElectroOptical

Reconnaissance) concept

® Expensive ) © Compact structure
C@ VOIlF:minous © Less expensive
© Can be embarked on nano-satellites
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Context [2/2]

Optical interferometry

Zernike-Van Cittert theorem
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Phase Q
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Context [2/2]

Optical interferometry

Zernike-Van Cittert theorem
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Context [2/2]

Optical interferometry

Zernike-Van Cittert theorem

C. Relies on the interferometry principle) ' =T per €XpUAP)XP( Dy rputence)

Interferometric signal

Source T 2 lenslets Interferences >

Phase Q
¢turbulence 0= eabjecr + A¢ + ¢rurbulence

Detected signal |:> Complex visibility E> Image through Z\algéx:: noise taken info

PhD aims:
Performance analysis of the SPIDER concept
Improvement suggestions
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Observation model

Measurement of complex visibilities - Noise propagation

Interferogram expression

Electromagnetic field
Phase shifting
cell A
7 @\ : i = ag ., COS ¢y + ap sin gy
N : R 3(I)
1 Telescopes/
lenslets <

Interferometric signal

Observable of interest : complex visibility I'=a,+ia,

Iy 1
Matricial formalism of =1
the observation model iy 1
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Noise propagation [1/5]

Analytical formulas - Complex visibility variance

Noise covariance matrix

_ T _ 2 2N 2
E=DCD" = |o + Og | Oga,

apdo
0.2 2 . 02 '
azdp “dpa; | Tdp )

Modulation values Photon noise Detector noise

Maximum likelihood Least squares Maximum likelihood Least squares

K=3 4ayg 1207
K=4 ao(4—77 160
k=5 ultr) o 2007
K=6 ao(lﬁ:z:zﬂ“) 2407

Validation of expressions through Monte Carlo simulations
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Complex
visibility error

Phase
error

Noise propagation [2/5]

Application to GRAVITY (VLT)

K=4 + LS (GRAVITY) vs ML -

Least squares Maximum likelihood +
UF—4a0—4OO|::>JF—aO(4 v )_300

Improvement suggestion: K=6 + ML

MaX|mum likelihood

0% = —ao = 250

M++

To go farther...

Error on phase estimation : fringe sensor

ap
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100 A © @
Half-axes of the ellipses represent the eigenvalues of the 50 @
truncated covariance matrix
) @ — lIsq
9 . = O (0} © 0 mv
object 2 a +  true value
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{ —_ Hobject a2 @
v = i
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Least squares — Maximum likelihood
_ 2 = 2
K=4 + LS (GRAVITY) vs ML O s = > O =
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Noise propagation [3/5]

Application to the fringe sensor of GRAVITY (VLT) - Phase variance

Modulation values Photon noise Detector noise

Maximum likelihood Least squares Maximum likelihood Least squares

A\ 2 E
K=4 T a(%

2 1003
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Reminder: o,

object
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Noise propagation [4/5]

Modulation values

Derivative solutions

Extremums /3 2r/3
3 - 1 =)
Extremums /2 Ry L
K N 4 i a |
dao It dg | do

V3y/—2 5+5/5) 2arctan<\/—2 5+5) 2 arctan

Reminder: o,

object
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Noise propagation [4/5]
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Method summarization

_ Complex
Fhase O R visibility

Maximum Least
PESUMEUSRmemoq =~ Uwimm QR Lo

Photon noise AN D/O R Dﬁt:ig:aor
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Conclusion & perspectives

Goals reached:
¥ Development of an inverse problem approach, aiming to recover variables of interest from
measurements through LS/ML approaches:
¥ Complex visibility (SPIDER)
% Phase variance (GRAVITY) (approached formula)
¥ Solid comparison between both estimation methods with different modulation values (K=3, 4, 5, 6)

Perspectives:
¥ Presentation of the results in a conference (VLTI summer school / SFO)
% Work on Earth observation:
% Estimation of performance
¥ Comparison of different combination architectures
¥ According to the performance criterion of the mission: optimize SPIDER
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Thank you for your attention.
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