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A b s t r a c t . In a n o p t i c a l in te r fe romete r , t he d e l a y l ines c o m p e n s a t e t he o p t i c a l p a t h d i f fe rence 

b e t w e e n t he different a r m s o f the in te r fe romete r , s o tha t t he in te r fe rence p a t t e r n s , w h i c h c o n t a i n 

the i n f o r m a t i o n , c a n b e o b s e r v e d . T h a n k s t o the p h a s e c lo su re t e c h n i c s , t he p h a s e i n f o r m a t i o n c a n 

b e e x t r a c t e d , d e s p i t e t he r a n d o m p h a s e shifts i n t r o d u c e d b y the a t m o s p h e r i c t u r b u l e n c e . A s we 

u s e d t he r e d u n d a n t s p a c i n g c a l i b r a t i o n t o r e c o n s t r u c t an i m a g e , the t e l e s c o p e s o f t he in t e r f e rome te r 

h a v e t o b e a r r a n g e d a c c o r d i n g t o a g iven i t e ra t ive p r o c e d u r e . T h e a d v a n t a g e o f this t e c h n i c s is 

t o e n a b l e the r e c o n s t r u c t i o n o f an i m a g e w i t h o u t a n y a pr ior i k n o w l e d g e o n t he o b j e c t . B u t this 

i m p l i e s c o n s t r a i n t s o n the c o n f i g u r a t i o n s o f the t e l e s c o p e s array, a n d the re fo re o n the offsets a n d 

o n the k i n e m a t i c s o f the d e l a y l ines . T h e i r m o t i o n h a v e b e e n s t u d i e d t o def ine the future l a y o u t 

o f t he 3 t e l e s c o p e s o p t i c a l i n t e r f e romete r o f the Ca le rn ' s O b s e r v a t o r y ( C H A R O N III p r o j e c t ) a n d 

a l so t o def ine t he o p e r a t i o n a l p r o c e d u r e . 

K e y w o r d s : i n t e r f e rome t ry - i m a g e r e c o n s t r u c t i o n 

1. Introduction 

C H A R O N I I I ( C a l e r n High A n g u l a r R e s o l u t i o n O p t i c a l N e t w o r k ) is a th ree t e l e s c o p e s o p t i c a l 

i n t e r f e r o m e t e r p r o j e c t a t the " O b s e r v a t o i r e d e la C ô t e d ' A z u r " . T h i s i n t e r f e rome te r is i n t e n d e d 

t o w o r k a t v i s ib l e w a v e l e n g t h s . A n in t e rmed ia t e s t e p o f this p r o j e c t a l r e a d y ex i s t s a n d is c a l l e d 

C H A R O N - I I . It is c o m p o s e d o f 2 t e l e s c o p e s ( 2 6 c m o f d i a m e t e r ; al t -al t m o u n t ) b a s e d o n a n o r t h -

s o u t h h o r i z o n t a l base l ine . T h e n o r t h e r n de l ay l ine is fixed, whi le t he s o u t h e r n o n e is m o v a b l e w i t h 

a t r ans l a t i on s t roke o f 1 m . T h e p r o j e c t cons i s t s in i n t r o d u c i n g a th i rd b a s e , o n the west d i r e c t i o n 

o f t he array. T h e th i rd de l ay l ine , w h o s e re f lec t ion ' s d e v i c e is a c a t ' s e y e , w o u l d h a v e a t r ans la t ion 

s t roke o f 3 m . 

T h e a i m o f the p r o j e c t is t o b u i l d a p r o t o t y p e t o d e m o n s t r a t e t he feas ib i l i ty o f i m a g e r e c o n -

s t r u c t i o n w i t h p h a s e c l o s u r e m e t h o d s in o r d e r t o p r e p a r e the future l a rge p r o j e c t s l ike t he E S O 

V e r y L a r g e T e l e s c o p e ( V L T ) . Fo r C H A R O N III the s t roke o f the d e l a y Une a re o n l y 1 a n d 3 m 

for t he s o u t h e r n a n d the wes te rn a r m s r e spec t ive ly . T h i s d r a w b a c k is c o m p e n s a t e d b y i n t r o d u c i n g 

l a rge d e l a y of fse ts . T h e p h y s i c a l cons t r a in t s o n the m o t i o n o f the d e l a y l ines h a v e b e e n s t u d i e d t o 

see i f all d e g r e e s o f f r e e d o m neces sa ry for the i m a g e r e c o n s t r u c t i o n a re ava i l ab l e . 

2. M e t h o d of image reconstruction 

In o r d e r t o r e c o n s t r u c t a t w o - d i m e n s i o n a l i m a g e , we n e e d the i n f o r m a t i o n o n the m o d u l u s a n d 

o n the p h a s e o f the o b j e c t ' s Four ie r t r ans fo rm. T h e p h a s e c l o s u r e t e c h n i c s a l l ows t o r e c o v e r t he 

p h a s e i n f o r m a t i o n o n the o b j e c t , d e s p i t e t he r a n d o m p h a s e shifts i n t r o d u c e d b y t h e a t m o s p h e r e . 

In o r d e r t o r e c o n s t r u c t a n i m a g e w i t h o u t a pr ior i k n o w l e d g e o n the o b j e c t , w e use the m e t h o d 

o f " R e d u n d a n t S p a c i n g C a l i b r a t i o n " ( R S C ) ( C r u z a l è b e s , 1 9 9 2 ) , t o r e c o v e r t he s p e c t r u m f r o m the 

b i s p e c t r u m . 

T h e r aw d a t a are p h o t o - e v e n t s . W e c o m p u t e the b i s p e c t r u m o f e a c h f r ame a n d t h e n we in te-

g ra te t he different b i s p e c t r a . T h i s o p e r a t i o n e l imina te s t he a t m o s p h e r i c p h a s e p e r t u r b a t i o n s , s ince 

e a c h b i s p e c t r u m p h a s e c o r r e s p o n d s t o a p h a s e c l o s u r e ( R o d d i e r , 1 9 8 6 ) . In this s t udy , we h a v e 
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c o n s i d e r e d 43 different c o n f i g u r a t i o n s a l l o w i n g a c o m p l e t e c o v e r a g e o f the ( U , V ) p l a n e . Expre s s ion 

o f t he b i s p e c t r u m : 

F(u, v) = I(u)I(v)!*(u + v) ( 1 ) 

w h e r e u a n d ν are the t w o - d i m e n s i o n a l spa t ia l c o o r d i n a t e s in the Four i e r p l a n e . 

F i g . l : L a y o u t o f the C H A R O N III p r o j e c t ( F T = fr inge t racker , T S = tilt sensor , F I = foca l 

i n s t r u m e n t a t i o n ) 

W e c o n s i d e r the c a s e o f th ree smal l a p e r t u r e s , w h e r e e a c h c o n f i g u r a t i o n o f the a r ray o f the 

t e l e s c o p e s p r o v i d e s o n l y o n e c l o s u r e p h a s e 7 , ^ g i v e n b y : 

7 t > * = <t>ij + <t>jk + 0fci ( 2 ) 

w h e r e 0 t J , t he i n d i v i d u a l m e a s u r e d p h a s e c o r r e s p o n d i n g t o the pa i res o f t he ape r tu r e s ( i j ) , are a 

c o m b i n a t i o n o f the o b j e c t p h a s e s 6ij w i t h t he r a n d o m p h a s e shifts o f t h e a t m o s p h e r e cti a n d ctj 

a c c o r d i n g t o t he r e l a t ion : 

4>ij = h] + Qi - aJ (3) 

E a c h pa i r o f ape r tu re s se lec t s o n l y o n e spec i f i c spa t i a l f r equency d e s c r i b e d b y a f r e q u e n c y v e c t o r . 

W i t h η ape r tu re s , the n u m b e r o f u n k n o w n spa t i a l f r equenc ies is η ( n - l ) / 2 a n d t h e n u m b e r o f 

i n d e p e n d e n t p h a s e c l o s u r e re la t ionsh ips is o n l y ( n - l ) ( n - 2 ) / 2 . T h e e q u a t i o n s set ha s t o b e s o l v e d 

t o r e c o v e r t he s p e c t r u m f r o m the b i s p e c t r u m . In r e d u n d a n t s p a c i n g c a l i b r a t i o n , o n e i n t r o d u c e s 

r e d u n d a n t f requenc ies t o r e d u c e the n u m b e r o f u n k n o w n s . T h e o r d e r o f r e d u n d a n c y is de f ined as 

the n u m b e r o f different base l ines w h i c h g ive s t he s a m e spa t ia l f r equency . It c a n b e a n in terna l 

r e d u n d a n c y ( w i t h i n a s a m e c o n f i g u r a t i o n ) o r a n ex t e rna l r e d u n d a n c y ( b e t w e e n different c o n f i g u -

r a t i o n s ) . 

3. T h e C H A R O N III interferometer project 

Fig . 1 s h o w s the l ayou t o f t he C H A R O N III p r o j e c t . T h e base l ines c r o s s o u t s i d e t he b u i l d i n g , t o 

a l l ow a ve ry sho r t b a s e l e n g t h b e t w e e n the s o u t h e r n a n d wes te rn t e l e s c o p e s . 

T h e o p t i c a l l a y o u t is s u c h as there is n o differential field r o t a t i o n b e t w e e n the th ree b e a m s a t 

t he c o h e r e n t f o c u s , d u r i n g t he ea r th r o t a t i o n . E a c h de l ay l ine ( D L ) is c o m p o s e d o f a m o v a b l e pa r t 

D L n , D L s a n d D L w , a n d a pa r t p r o v i d i n g a c o n s t a n t offset , m a d e u p o f t he m i r r o r s M n , M s a n d 

M w . T h o s e m i r r o r s a re l o c a t e d o n s lo t s , a n d c a n b e m o v e d f r o m o n e c o n f i g u r a t i o n t o a n o t h e r o n e . 

In a c o p h a s e d in t e r f e romete r the o p t i c a l p a t h d i f ference b e t w e e n t he different l ight b e a m s m u s t 

b e e q u a l t o z e r o . T h i s is a c h i e v e d b y the d e l a y l ines , w h o s e t r ans la t ion s t rokes l imi t t h e o b s e r v i n g 

d u r a t i o n a n d inf luence the s t r a t e g y for the i m a g e r e c o n s t r u c t i o n . 
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4. Mot ion of the delay lines 
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δ = 4 3 ° 4 4 ' 57.53 
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F i g . 2 : Variation of the position of the fixed delay lines with the 4 3 configurations. 

In this study, the maximum length of the baseline considered is 5 0 m in the north, 4 0 m in 

the south and 3 0 m in the western arm. This corresponds for the north-south axis to a resolution 

of 1.4 marcs, at visible wavelength and a resolution of nearly 2.5 marcs for the other axis. 

T h e position of the fixed D L differs from one configuration to another. W h e n the celestial 

declination of the star is equal to the terrestrial latitude of the observator, it is noticeable that for 

each configuration one fixed line is at its zero position. In fact, the southern D L is never at this 

minimum position. This is due to the layout of the interferometer. 

For a star declination equal to zero, the southern D L has to be positioned much further from 

the recombination table as for higher declination, in order to compensate the big distortion of the 

baselines seen from the star, in this case. 

T h e fringes of the western baseline move faster as those of the north-south axis. Configurations 

b are characteristic of the non - symmetry of the interferometer ( very long north-south baseline, 

short western arm) . In this last case, the western D L moves to a max imum and then goes back to 

smaller value. Its motion is constrained by the small stroke of the southern D L . Fig. 3 shows the 

position of the fixed D L , and Fig. 4 shows the motion of the moving D L . 

T h e constant parameters were denned as: translation stroke of the western D L = 3 m, minimum 

offset in the western arm = O , translation stroke of the southern D L = 1 m, minimum offset in 

the southern arm = O , minimum offset in the northern arm = 0 . 

Declination d of the star given in degree, minutes and second, d = 4 3 4 4 ' 5 7 " corresponds to 

the declination of a fictitious star being at the zenith at transit time. 
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5. E q u a t i o n s g i v i n g t h e p o s i t i o n o f t h e d e l a y l ines 

B n = 10m, Bs = 10m Bw = 3 0 m , B s = 4 0 m 

20 30Bw(m) 

Variations with Bw 

, ν B n = 1 0 m , B w = 10 m 
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0 10 20 30 40Bs(m) 
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F i g . 3 : Variation of the position of the fixed delay lines with the base length. 

T h e position of the southern fixed D L is: 

LSF = B n * [1 + sin(/at - δ)] - B3 * [1 - sin(/at - δ)] - L a V m a x + L n F 

T h e position of the southern moving D L as function of the time is: 

LSv = (l/2)[LSVmax + (Bn + B3)smlatcos6(cosH - 1 ) ] 

T h e position of the western fixed D L is: 

LWF = ( l / 2 ) [ £ n * sin/atcosi * ( c o s ( / / m a x — 1) — B w * (1 + c o s £ s i n i / m a x ) 

+BS * (1 - sin(/a< - δ)) - L w m t n - L a F - L s V m a X ] 

T h e position of the western moving D L as function of the time is: 

Lwy = ( l / 2 ) [ß n s in /a*cos£ (cosH — 1) + Bulcos6sïnH + L w v m a x ] 

(«) 

(5) 

(6) 

(7) 

(8) 

'lat' is the terrestrial latitude of the observatory (43 44 ' 57 .5"); δ, the celestial declination of the 

star; L9vmax (Lwvmax)i max imum position of the movable southern (western) delay line and Η 

the hour angle. 
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(hour) 

1 r Η 
- 2 - 1 0 1 (hour) 

6. Conclusion 

JsJ Configuration a: 

Bw (m) = 10 

Bn (m) = 10 

Bs (m) = 0 

Position of the north DL (m) = 3 

Configuration b 

Bw (m) = 10 

Bn (m) = 50 

Bs (m) = 20 

Position of the north DL (m) = 0 

Ν 

< 'Ν 

< > 

S 

Configuration d 

Bw (m) = 30 

Bn (m) = 50 

Bs (m) = 40 

Position of the north DL (m) = 0 

F i g . 4 : Motion of the delay lines with time 

T h e great advantage of the "redundant spacing calibration" image reconstruction method is 

to need no a priori knowledge on the object. However it imposes some constraints on the successive 

configurations of the telescopes array. This method has been applied on an interferometer simu-

lating the characteristics of C H A R O N III. It has been seen that for a 3 telescopes interferometer, 

43 configurations of the array are needed to get 91 points in the Fourier plane. This method can 

also be applied to the V L T interferometer. W i t h the short strokes of the C H A R O N III moving 

delay lines, this study shows that fixed delay lines are necessary. Their m a x i m u m length must 

be 6 0 m for the northern and for the southern arm, and about 25 m for the western arm. T h e 

maximal observing duration, for each configuration, can also be deduced from this analysis. Its 

value is included between 3.8 and 0.6 hour; which is satisfying. This calculation shows the best 

way to move the telescopes for a given image reconstruction method and is an optimization of the 

observation procedure. 
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