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FTR has gone from
 theory to

reality in the last year
•

M
ethodologies

established and
perform

ance analyzed
•

N
ew

 filters developed
•

M
ethod

experim
entally

validated at Palom
ar.



10/31/02
Lisa Poyneer : FTR @

C
fA

O
 2002

2

FTR filters the gradients
quickly by using the FFT

gradients

m
odal

rem
oval

inverse D
FT

extend
gradients

D
FT

filter

phase
estim

ate

Filter to rem
ove noise, shift

Signal, rem
oval m

odes here!

(If necessary)
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N
oise propagation is favorable
for correctly-sized apertures
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Filtering is a pow
erful tool

•
C

orrects m
isalignm

ent
•

Shifts gradients to
im

prove H
udgin FTR

perform
ance

•
Shifts signal (frozen
flow

 hypothesis)
•

Rem
oves local w

affle
•

Reduces noise

Sim
ulation: C

losed loop
residual for Fried-geom

 FTR,
w

ith and w
ithout local w

affle
rem

oval
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Experim
ent at Palom

ar
•

FTR can be represented
as a m

atrix, so m
any

varieties w
ere created.

•
Best H

udgin m
ethod w

as
gradient-shift filtering.

•
Best Fried m

ethod had
local w

affle rem
oval.

•
Both tested rigorously
against PA

LA
O

 least-
squares V

M
M

.

•
G

oals:
–

Show
 that FTR w

orks
–

D
iscover perform

ance
differences am

ongst
the various filtering
options and
geom

etries.
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?•
PA

LA
O

 LS and FTR-H
ud

had sam
e average

Strehl - 0.61
•

FTR-Fri had average
Strehl of 0.59

•
A

nalysis show
s this is a

statistically significant
difference.
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Strehl ratio is a function of
flux and the reconstructor

•
W

e w
ere very lucky to

get this regular drop
off in flux - probably
high cirrus clouds.

•
Strehl form

ula based
on PA

LA
O

 system
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LS
 fit

H
u
d
 fit

Fri fit

O
n dim

 star, there w
ere clear

perform
ance differences

•
N

o significant difference
show

n betw
een PA

LA
O

LS and FTR-H
ud.

–
Less confidence of data
fit (low

er correlations
w

ith flux)
•

FTR-Fri had w
orse

perform
ance

–
Strehl w

orse by 4%
–

FTR-Fri data points
uniform

ly w
orse then

nearly all others
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Local w
affle rem

oval filter is
used w

ith Fried geom
etry

•
C

om
parison of D

M
 positions show

s that local
w

affle rem
oval filter w

orks.

FTR-Fri
W

ith local w
affle rem

oval
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G
radient shifting im

proves
H

udgin perform
ance

N
o shift     Shift type 1    Shift type 2

Surface plots of data from
 

calibration source testing
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FTR is a fast, flexible and
verified m

ethod of W
F recon

•
Experim

ent has confirm
ed that m

ethod w
orks

very w
ell and that the filters do w

hat w
e

think they should.
•

W
ide range of filtering options and speed

m
ake for an adaptable controller.

•
The fastest option (FTR-H

udgin) is the best
perform

ing.
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FTR publications

•
L. Poyneer, D

. G
avel and J. Brase, “Fast w

ave-front
reconstruction in large adaptive optics system
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of the Fourier transform
”, JO

SA
 A

 19 2100-11 (2002)
•

L. Poyneer “A
dvanced techniques for Fourier transform

w
avefront reconstruction” SPIE 4839 (2002)

•
L. Poyneer, M

. Troy, B. M
acintosh and D

. G
avel, “First

experim
ental validation of Fourier transform

 w
ave-front

reconstruction at Palom
ar” LLN

L preprint, subm
itted to

O
ptics Letters (2002)


