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S C A O  AT  L B T  ( H I S T O R I C A L  C O N T E X T )  

2 0 1 0  

F L A O + I R T C  

1 s t  L i g t h  

N .  H u b i n :  

« N C P A ? »  

S .  E p o s i t o :   

« N o ,  t h a n k s ! »  

F L A O  &  S O U L  

4 x  P y r a m i d  W F S  

3 0 x 3 0 S A     4 0 x 4 0 S A  

2 x  A d a p t i v e  s e c o n d a r y  

6 7 2  a c t u a t o r s  

2 0 1 5  

F L A O - L U C I 2  ( N 3 0  c a m e r a )  

N C P A c o m p e n s a t i o n ?   

Y e s ,  p l e a s e !  

N C P A ?   

S t i l l  o k !  

2 0 1 1 - 2 0 1 3  

F L A O + P I S C E S  

1 s t  s c i e n c e  
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N C PA &  P Y R A M I D  W F S  
2 0 1 5  E s p o s i t o +  A O 4 E L T 4  c o n c e p t  a n d  f i r s t  r e s u l t s  

2 0 2 0  E s p o s i t o +  A & A        d e t a i l e d  p a p e r  

U N c o r r e c t e d  O V E R c o r r e c t e d  

W F  o f f s e t  w e  

w a n t  t o  a p p l y  W F  o f f s e t  w e  

o b t a i n   

C O R R E C T E D  

O p t i c a l  g a i n  

c o m p e n s a t o r  

P y r a m i d  m o d a l   

o p t i c a l  g a i n  i n  p a r t i a l  c o r r e c t i o n  

P y r a m i d  D L   

s e n s i t i v i t y  
W F S   

s i n g a l  

R e c o n t r u c t i o n  

m a t r i x  D i f f e r e n t i a l  

c o m m a n d s  

R e s i d u a l  

w a v e f r o n t  

A O  l o o p  

i n t e g r a t o r  

A b s o l u t e  

c o m m a n d s  

S
C

A
O

 
L

O
O

P
 

M o d a l  v e c t o r  N C P A  c o m p e n s a t i o n .  

 

T h e  s a m e  f o r  a l l  W F S  b i n n i n g  a n d  

m o d u l a t i o n s  

W
F

 
O

F
F

S
E

T
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G O P T  T R A C K I N G  L O O P  
2 0 1 5  E s p o s i t o +  A O 4 E L T 4  c o n c e p t  a n d  f i r s t  r e s u l t s  

2 0 2 0  E s p o s i t o +  A & A        d e t a i l e d  p a p e r  

D e p e n d s  o n  r e s i d u a l  W F .  

V a r i a b l e  w i t h   

N G S  b r i g h t n e s s  a n d  s e e i n g  

P r o b e  s i g n a l  o n  a b s o l u t e  c o m m a n d s  

S i n u s o i d a l  m o d u l a t i o n  o f  a m p l i t u d e   

M e a s u r m e n t  

a n d  t r a c k i n g  

n e e d e d  

D e m o d u l a t i o n  o f  

d i f f e r e n t i a l  

c o m m a n d s  

D e m o d u l a t i o n  o f  

a b s o l u t e  c o m m a n d s  

G o p t  t r a c k i n g  

l o o p  

A c t i v e  Gopt  

c o n p e n s a t i o n   



  E .  P i n n a  W F S  i n  t h e  V L T / E L T  e r a  V  –  1 5 t h  O c t o b e r  2 0 2 0  5 

G O P T  B A S I C  I M P L E M E N T E D  
2 0 1 5  E s p o s i t o +  A O 4 E L T 4  c o n c e p t  a n d  f i r s t  r e s u l t s  

2 0 2 0  E s p o s i t o +  A & A        d e t a i l e d  p a p e r  

S i m p l i f i e d  a p p r o a c h  →  n o  m o d a l  o p t i c a l  g a i n  

P a r a m e t e r s :  

 # c o l l e c t e d  f r a m e s          =  1 0 0 0  

 p r o b e  s i g n a l  a m p l i t u d e   =  2 0 n m  W F   

 p r o b e  s i g n a l  m o d e         =  3 0  

 p r o b e  s i g n a l  f r e q u e n c y   =  8 0 H z  

 I n t e g r a t o r  g a i n             =  0 . 3  

T y p i c a l  p e r f o r m a n c e :  

 

 s e t t l i n g  t i m e  ~  3 0 s   ( A O @ 1 . 7 k H z )  

 

 n o i s e  o n  G o p t      =  1 %  

zp        = 1 mode sinusoidally modulated in amplitude 

 

Gopt    =   I ·  Gopt 

 

K         =  I ·  kopt 

 

S’         =  S/kopt      →  slope vector normalized by scalar 
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G O P T  &  N C PA O N S K Y 2 0 1 5  
2 0 2 0  E s p o s i t o +  A & A  

N C P A  c o r r e c t i o n  u n d e r  d i f f e r e n t  s e e i n g  

U n c o r r e c t e d  

s e e i n g  0 . 8 6 ’ ’  

S R ( H )  =  4 7 %  

C o r r e c t e d  

s e e i n g  0 . 8 6 ’ ’  

S R ( H ) =  7 0 %  

T e s t  o n  s c i e n c e  t a r g e t   

g l o b u l a r  c l u s t e r t a r g e  c u t  3 ’ ’ x 3 ’ ’  

R 1 2 ,   1 5 0 m o d e s   C o r r e c t e d  

s e e i n g  1 . 0 6 ’ ’  

S R ( H ) =  5 8 %  

U n c o r r e c t e d  C o r r e c t e d  
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A D D I N G  G O P T  TO  A O  S E Q U E N C E  

P r e s e t  

N G S  i n f o  f r o m  T C S  

n o m i n a l  A O  c o n f i g  

A O  l o o p  s e t u p  

• N G S  a c q u i s i t i o n  

• P u p i l  c e n t e r i n g  o n  W F S  

• V e r i f y  t h e  N G S  f l u x  

• L o w  g a i n  c l o s e d  l o o p  

A O  g a i n  o p t i m i z a t i o n  

• S w e e p  m o d a l  g a i n s  

3  g r o u p s :  T T + m e d + h i g h  

• I d e n i f y  m i n i m u m  o f  

m o d a l  r e s i d u a l s  

G o p t  c o r r e c t i o n  

• G o p t  m e a s u r e m e n t  

w / o  c o r r r e c t i o n  

• A O  g a i n  r e n o r m a l i z e d  b y  G o p t  

• S l o p e  n o r m a l i z a t i o n  

• E n a b l e  g o p t  t r a c k i n g  l o o p  

O K ,  l e t ’ s  s t a r t  w i t h  i n s t u r m e n t  

i n t e g r a t i o n  

2  m o d e s  

• A u t o m a t i c :  

   n o  t o u c h ,  

    j u s t  l o o k  

 

• I n t e r v e n t i o n :  

c l i c k  e a c h  s t e p  

f r e e  t o  r e p e a t  

o r  j u m p  
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G O P T  T R A C K I N G  O N  S K Y  

R 8 . 5  a n d  « j u m p y »  s e e i n g  –  5 0 0 m o d e s ,  1 . 7 k H z  

Gopt correction 

enabled 
sratio = 3% 

 Gopt value changes with the seeing anti-correlated 

 

 Ratio gives a merit function of the tracking loop  

 

 Ratio std here 3% -> gopt error <3% (loop TF) 

 

 Limited bandwidth following the fast seeing 

changes  (settling time 30s)  
AO gains optimization 
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G O P T  O N  FA I N T E R  N G S  

R 1 5  +  p r o b e  o f  2 0 n m  W F  →  n o i s y  m e a s u e r e m e n t  

 

C l o s e d  d o m e  t e s t i n g   

w i t h  f i x e d  s i m u l a t e d  s e e i n g  0 . 7 5 ’ ’  

Probe amplitude WF 20nm 40nm 60nm 100nm 

Noisy Too strong 

Marks of 

probe signal  

PSF (Ks) 

Noise in % 
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G O P T   W I T H  FA I N T E R  N G S  O N  S K Y  

sratio = 11% 

U n c o r r e c t e d  

S R ( K s )  =  4 5 %  

C o r r e c t e d  

S R ( K s ) =  5 1 %  

R 1 4 . 2  ( d o u b l e ) –  B i n  3 x 3  ( 1 3 x 1 3  S A ) ,  9 0  m o d e s ,  7 7 0 H z  

P r o b  a m p  4 0 n m  
E f f e c t i v e  N C P A  c o m p e n s a t i o n  

R 1 5 . 3  –  B i n  4 x 4  ( 1 0 x 1 0  S A )  

5 4  m o d e s ,  3 9 0 H z  

P r o b e  a m p  6 0 n m  

sratio = 14% 

S R ( K s ) =  2 0 %  
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G O P T   T R A C K I N G  FA I L U R E  

R 1 5 . 0  –  B i n  3 x 3  ( 1 3 x 1 3  S A ) ,  9 0  m o d e s ,  3 1 6 H z  

Gopt measure ok  

no correction 

NGS (Ks) 

~ 450mas 

Enabling Gopt,  

scary jumps! 

Gopt correction disabled 

 for data acquisition 
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G O P T  W I T H  R E S O LV E D  O B J E C T S  

Expected value for NGS same mag and seeing 

sratio = 3% 

A s t e r o i d  ( 4 5 )  E u g e n i a   

 1 5 0 m a s  V s  D L  2 0 m a s :  s m a l l  b u t  w e l l  r e s o l v e d  

B i n  2 x 2  ( 2 0 x 2 0  S A ) ,  2 5 0  m o d e s ,  9 5 0 H z P r o b  a m p  3 0 n m  



  E .  P i n n a  W F S  i n  t h e  V L T / E L T  e r a  V  –  1 5 t h  O c t o b e r  2 0 2 0  13 

C O N C L U S I O N  

 L B T  r o u t i n e  o b s e r v a t i o n s  u s e s  G o p t  c o r r e c t i o n  &  t r a c k i n g  

• l o w  o r d e r  N C P A  r e j e c t i o n  i s  g o o d  

• N G S  R < 1 5 . 5  

• s m a l l  e x t e n e d  o b j e c t  t e s t e d  ( 1 5 0 m a s )  

 

 G o p t  c o r r e c t i o n  w e a k n e s s  i d e n t i f i e d :   

• F a s t  a n d  w i d e  s e e i n g  c h a n g e s  

• M u l t i p l e  s t a r s  w i t h  s i m i l a r  f l u x  

 

 W o r k  i n  p r o g r e s s  o n  « M o d a l  G a i n  M a c h i n e » :  

G e n d r o n / L é n a  g a i n  o p t i m i z a t i o n  +  m o d a l  G o p t  t r a c k i n g  


