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y}Fﬂ High
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Angular — AO

m :.,""w"'q Resolution

= No clear or complete research on the

tools used to calculate a centroid
Nk

9 August 2003 Summer School - Santa Cruz 2 :{E;léﬁ
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WelEirort serisor arlriclole

Need to know

as acecliately

as possible the
centroids.
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Wrlete zier) | cladric) %

Simulatien ol disterted

WaVEreRt By the atimesphere)

Trelescope IHere' = Simple spot Gaussian
pupIl \ / (lO, Cx, Cy,O's)

Telescope Simulation of the CCD
+ Cenitroiding for one subaperture

AO > true centroid > measured centroid
(Ctrue) (Cmeas)

Error 2 rms = <(Cmeas — Ctrue)?>
CCD 1000iter
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Proolanrs

L= Sampling

- PHRELEN AGISE

- rea60Ut RoISE

- atmospherical turbulence

—['he simple centrord formula Is not
enough to find the center of the spot.

Tools: Thresholding Windowing
Others ...
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I(X1y)= Io

CorrloLiterilor

Gaussian spet: (b, cx, ¢y,0%)
exp(_ (X_,(;X)Z)exp( y-cy) )

1
2002

IMEGEN PAIMELENS

O

S S

SHUGN PERAMELErS

<+ >
8 pixels CCD

Spot rms
size

= 1/P = SAMPLING (size of the rms
spot 1n CCD pixels)

= Number of CCD pixels

= Number off photons per spot: nph
e Readout noise: nr
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MELIEES

Windowing

Parami= radius off the
Windewsin pixels

Maximum
Intensity

Thres.i:mlded images

Thresholding

Method | better
Param = % of the max

*. Windowing
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(S SSIcN=IGNG

= Ihe detector Image ® FMS Size of

the'Gaussian
KNOWN

IDLC precedure
“cunrvefit”

//

-

(Cxmeas; Cymeas)
coordinates of the
center

-
‘ L
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Privsical] gotiricls

e Photonic limit o, =0, //nph

Re errer rms measured Wil expressediniopn URItSs

e |_ower limit = Cramer-Rao bound
MiRimun exrrer correspending te a given physical system
Kim.A. Winick, JOSA,Vol.3, p1809-1815, 1986

e Upper limit = spot rms size

=— Normalized error:

|||
9 August 2003 Summer School - Santa Cruz 9 :{E;lﬂﬁ




Corrlozirlsor raesifis

True image Error rms; nph = 1000

M =32 J Centroid

P=1

Window -
P=2, param=1.5

Threshold
P=1,param=0.2

Image on
the detector
Gaussian
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=

reqdout nojise
RMS spot size =

1 CCD pixel Summer School - Santa Cruz 10 "i”*‘-'lH
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Corrlozirlsor) resifis

True image

. Jnph

Error rms; nph =200
'I""""'I'""""I':||'"""'

Gaussian-
P=1 ¥ _

Threshold
P=1,param=0.2- = .-
/=77 < Window -
e § T p=2, par_am:_-]__j..
-"__._K_F-—F-“'" .

Image on
the detector

o]
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Lo
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L
iE
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M
E
3
=

reqgdout noise
RMS spot size =

0.5 CCD pixel Summer School - Santa Cruz 11 “5”41{
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Corrlozirlsor raesifis

Error rms; nph =30
15 'I""""'I'llf"""'I""""'
I entroid i ]
P=1 £
of I -F =
= : -
e b B e f _
O f /
[ e: . . n h 4
5| Gaussian / Window P 1
o : p=1 ;# P=2param=15 Threshold ;
o S P=1,param=0.2
Thresholded [E=EEN \ __ P=lparam=02__ |
Image E W Lt = -
e CR P=1
= 1 _"- -----------------
= SO CR P=]
__________________ T — -
| I I ] :
O ] 2 5 ik 5
readout noise
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Corielisiorn

BEStMEtNoE CEPERES R thE AUMIBER G PROLeRS and the
reacoui- ReIse!!

nph/Ar Methods Size of the Param
Spot

Righ Gaussian 1 CCD! pixel

L ow Windewing | 0.5 CCD pixel WA oW,
(nph=200) diameter =3
CCID pixels

\Very low. 2% 2% 7

-
‘ L
Ll

| | *
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Plzip

e [Acrease repustness at low nuimiser o
PROLERAS

= Conslder the spot structure resulting from
the atmosphere

Image obtained
with real phase
screens
ol
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Crafrier-Fzio golirie

Cramer—Haoo bound
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\ nph/nr =10

\h‘-\_"‘—‘-\—_._,_,—

z 4
Pixel size/spot size
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From Winick
PaPEr:
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