
A0 A058 103 STEWARD OBSERVATORY TUCSON ARIZ FIG 3/1
IMAGE RECONSTRUCTION USING LARGE ASTRONOMICAL TELESCOPES. (U)
APR 78 P A STRITTMATT ER. N J WOOLF F19628 77 C—O063

UNCLASSIFIED AFGL—TR 78—O167 Ft

_ _
_ 

_  

I_
_flLi W~!4$I~ar~~

a 4



_ _  

__ 
~~~~~~~~~~~~

AFGL -TR-78-0167

IMAGE RECONST RUCTION USIN G LARGE
ASTRONOMICAL TELESCOPES

~~~ Peter A. Strittuiatter
~~~ N eville J. Woolf

~~is ao~~~~~ ~~~
~~x oo~Y ~ c~tns&~~ TO u~c o~~~~~~~

University of Arizona ~~ m1ICMIT JIUI~B~~ 0~ FI~~~
Steward Observatory pwaQ~ J0I L~GIBLT.
Tucson, Arizona 85721

C..) Final Report
1 March 1977 - 28 February 1978

~. 
_._J

D D C

2 14 April 1978

Approved for public release; distribution unlim ited.

Thth research was supported by the Air Force In -House
Laboratory Independent Research Fund

AIR FORCE GEOPHYSiCS LABORATORY
AIR FORCE SYSTEMS COMMAND
L’NITED STATES AIR FORCE
HANSCOM AFB, MASSACHUSETTS 01731

~ 05:i
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~



-: ~~~~~~~~~~~~ —
_
-— --

: ~~~~~~~~~~~~~~~~~
:—

~
‘- 

~~~
:-

~
-
~~~~‘1

DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE . THE COPY FURNISHED
TO DDC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT ~~~~~~~~~~~~~~~ V V

REPRODUCE LEGIBLY . 
V

V 
V

-
-

V 

V 

V 
V ;~~~ 

~ 

cV ~~~~~~~ P~~~~~~ 

V~

- 
V . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V 

V

—~.‘ 
~~~~~~~~~

V Qu*1L114 z~~~ e$t~Ot1 may. 
~~~~~ fV$th ~~~~~~~~~~~~~~ 

~~ Defense
V V 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ft~ oJ4~~~ .- V 

I nal
I~pc rmâto~ S.rvi~e

V V - 
~ 

V ~~~ ~~~~~ -~ ~~~~~~~ ~~

Vs -~~~
-
~~ V~~~~ V V

~ - I~~~~ . ~~~~~~~~~~~ :~_j S

~~~~

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ 
V V ~ - —



~ —~~~~~
-— - V

~- -~~
— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~
• •V~

Unclassified
C~~q I v  c~~~ SS I :IC~~~~ ~~c 

~~~~~~~ ~~~~~~ ‘%Th.n O.ra Ent. ,ed I

RE 
— 

DOCUMENTATION PAGE BE F OR E COMPLETt? ~G FORM
______  q 

~ . GOVT Ac~~css Io N NO 3. RECIDItNI” % CA ~~AL OG P4I~.ue~~M

- FGL R_ 7 8_ 11 6 7 k/

a~~ S~,oml .  ~ 31 R E P Q ~~~ b ~~~RIOO C3V ~~R~~O

• / )t~age Reconstruction using Large Astronomical ) Final 3/1/77 to 2123/ 73
~ 

M~~ Te1es~ cpesp ____________________________

V 
6. PC~~FORMIM3 QUO.

7 ~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~73 ~~~~ - ~~ ~~~~~~~~~ - . ‘,~~ME k’4 O ~OQ~~ES3 ‘~~. PUOGUAM E.4 TV~~~~QOJ CT . TASI(
A~~~A ~ * NI T NUMeE~~S

S t : O b S ~~~~ 
Task N LI 7~AA 

~~~~~~~~Tuc~ on 1 ~r o ~~~~~, 
1

: qOL IN G ~ ;r ;. ! N ~~~~ ~~~ ~2. RE~ O~~T 3 4 T ~
Air Force Gec~ h’.-s±cs Laboratory Apri l  14. 1978
Hansconi Air Force 3ase, ~~ 0173L
Monito~’ .DL~~ on F. Vo~~den. Cau: FHS

4 ~~CNI~~ 3RI N~~ A~~~~ ’~ . ’? N ~ A~~~~~~~~53( i! dllf.r .n C (to m c~~n~roII~n1 Of i l c & ~ I IS. S~~CU RITV  CLASS.  (of ~hII rspefl)

Air Force . ep h y s i c s  Lab or ator ’.- Unclass i f ied
Sacramento ?eak Obser ;at orv  ______________________________

* 
-, .. ‘S a . ~~~CL.AS S I~~ICAT I0N  ~ OV N~~~~A~~IVN Q

Sun spot .  e’. Je:~~co : cc - ~ SC~~EDULE

~~~~~ 3 • i R. cr~~
j

‘~ ~i5T ~~ia j I~~~ ~~ • ~~~~~~~~ t~~f ~1& po.~rpcf *j~.r.d In Bl~,ck ~~~ . 1 :Uter,ni trooe R.port)

~~~~~ ~~b ~~~
3 ~~~~~~~~~~~~~~~~~~~~~~ N O f ~~ 5

This re search 5.vas s.~~~orted h’: ~he A i r  Forc e In -House
Labora~:r~ tr ene~~ient Research  Fund

V 3 ~~ ~ S ~. Jn f ~~1U• ‘‘ ,.~~~~~ .i ,i4. SI  i.c.a,arv ~~~~ ~ .ncUy ~~v ~~~~~~~ ~~~~~~~

:-~a:~ ~~~~~ 
V V 

- 
- :. :~~~7 i~~~~:ic ~~~~~~: .

20. \ * I S 1 U A  Canilmu. Ofi ,. ~~~~f.. •~d. It ,.c...aIy wd id .n lst y by block nuOtb.r)

.~. ~~~ era , ~~~~ab1e f~~r recorilng s~ ec~~ e in:Or r cVZ : a r rs throu gh large
t icai  :elescopes , ~~~ been const ructe d . It s  design and p erfo~~ ance
ar ac:er~ 3:tcs are reported ~~~ethe r  with the results of initial studies

~~e j  : dna tj . c ~at cn at the Steward Obser ’.’ator : te1esco~ e On

~i:t ?ea .c . ~~~ speckl e pat t e rn  correlation approaches ‘i~ro for  objects
3eparaced by ~ arcsecs.

N.
73 ~473 £31 10’d 0, ~sOV 43 II OSSOI.1 E - $

S~~d 0302 LF 014.6101 

‘frO~7 ~~~~~ ~~~~~ SS I I ICA T I O N  31 T M ! S  IA Q (  (Wh.n 3.,. ~~~~~~~~~



I. INTRODUCTION

The aim of this project is to study methoids of obtaining high angular

resolution data from faint sources using optical interferometric (speckle)

techniques on large telescopes . Applications are to studies of artificial

satellites and astronomical objects. Ultimately , it is hoped to establish

whether useful data can be obtained using large multi ple mirror telescopes.

During this first , single year , contract period we undertook the design and

construction of a suitable speckle camera along with an image intensifier

and photographic recording system . We also undertook to study the angular

extent of the region over which iso—planacy is maintained through the atmos-

phere and to develop data handling methods for reducing the specklegrarns.

This work has been successfully completed and is described below.

2. THE SPECKL E CANE~~ SY STEN

.t schematic of the speckle camera system is shown in Figure 1.

(Je:.iiled drawings may be obtained on request.) The speckle system consists

of several independent nodules ; namely ,

(i) the prism system to correct atmospheric refraction

(ii) the main module containing the microscope , guide alignment system ,

and f i l t e r  t rays

~.i ij  the i r~a.~e ~~~ensifier  package

- .- .~~tem , current ly  a photographic camera.

• .~~~ h of these systems will be described individually .

2.1 The Prism System

This module fits directly to the telescope mounting flange and consists

a rotating wheel in which are located four apertures , any one of which may

be placed in the telescope beam by activation of a small electric motor. One
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.~serture is clear , the remaining three contain quart~ — f1uorite zero mean

deviation prism mounted on rot.itin~ stages. The prism cbaracteriscic3 :Ire

listed in Table 1. The stages rotate on precision bearings which permit

very free motion ; they are also loaded with off—center weights so t h at  ex-

cept at the zenith , the prisms are automatically oriented in the direction V

of ~ra ’.- i t v  and hence of refraction . Each prism is desi~ne~ t correct

atmospheric refraction to the desired accuracy (i.e., better than the diffrac-

tion Limit of the telescope) within prescribed intervals of zenith distance

oi. Table 1). Thus for work near the zenith the clear aperture is

se~~ooted  while ~or zenith angles near 55° prism 3 would be used. 
Our

ex~erience at the 90” telescope working 
at f/9 has clearly demonstrated the

s~~~ :~~~~~~~~~~ V i : :  and effectiveness of this approach . For telescopes of different

e~~ec: iv~ t o o d 1en ~~th s  (e . .~ . , the ~O ” at  1/45 . the KFN O 158”) , j t_ is V

V~~oc c ~~; V ~ t r . . to introduce a spacer between the prism module and the mioro—

~~~~~~~~~~~~~~~~~~ V s ~~~ en i~ the prisms are to correct for the same zenith distance

:~:or~ ~~~— i .  with this simp le addition the system can be used on V-mv tele—

2 TIto ~ta [LI ~
V lL) (1tIlC V

~ module bolts directly onto theprism flange and contains a mechani—

~ .age on which  are mounted the microscope objective , a r ec icu le  and -i

- :  ~~~~~ .\ sch.~::~a~ ic is shown in Figure 2. Ia one location of th’i sta~ze .

~icrascope objective is on the optical/mechanical axis of the entire

telescope/speckle camera system . In the other , the reticule is centered on

this axi.~ and the .#5° viewing prism sends the light from the telescope to

a v iewia~ eyepiece. An object may thus be centered , after which a simple

notion of the stages places the system in the “observe” mode. The micro— 
V

scope objectives are interchangeable and a range of magnifications between 
V

:-:3 and XoU is available in order to accon~ odate different focal ratios on

- H . ’ ~
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TAaLE 1

PR I SM CHARACTERISTICS

?r ism V
S i() 

~~~
- Dispersion Compens.ition

1 7.IS° 7.61° 0.113’ 
V

2 14? 3o 15~ 34 0 .194 ’ V

3 2l~~ 2 22~ 87 0.344 °

V V\~~60OOA ~X~ 6OOA 
V

Ze n i t h  Atmosphe r ic  ~:o~~~ c t i o n  Ch a r a c t Q r i s t i c .;
Dis tance  Dispers ion  P r i s - .i E r r or

0° 0.00” 0 -- 
V

0.031” 0 0.03 1

20° 0.064 ” 1 
~~. ) °

353 ° 0 . 102 ” V I 0.311

-+53°  0.148” 2 O . I V V • I S

50° 0 ~l-3 ” 53 3 lb

60° 0.306” 3

—
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Immediat e ly  beneath  the microscope is an electronic shutter (Uniblitz)

which is controlled from a u n i t  mounted  to the side of the main i n s t rumen t

housing . ~~~ sh u t t e r speed may be pre—set on thumb wheel switches to values

in the range 2.5’- .’ t < 999 milliseconds. It may be activated either from the

photographic (Canon) camera , in which case the two shutters are suitably

sequenced , or from a computer. So far only the photographic mode has been

used for scientifi. . 3.- i t a  gathering although tests v itli ~ot i c o n s. 1D~ and dID

i D )  detectors have been made.

2 .3  The Image I nt en s i f ie r

W~ are currently using a three stage electrostatic image tube assembled

at Steward Observatory iron selected single stage Varos. The system gives a

peak quantum efficiency of IL percent at 5500A and has useful sensitivity

between 2000A and S000A. The luminous gain is approximately 5 ~ IO~ at

5500 .\. The o u t p u t  image is t r a n s f e r r e d  w i t h  a Repro— ’ -.~~;c~~ 
- - -

~~; :o the

det ector plane. :he net gain of the system in this :‘iode is j u s t  adc~ u a te  for  V

photographic work but ~i f u r t h e r  i n t ens i f i ca t ion  stage is needed i: fast scanned

Si array detectors are to ~e used at low light levels. The decay t ime of the

three output phosphors again causes no problem in photographic recording but

could become a source of difficulty when very rapid contiguous frames are taken

(e.g., with an SIT vidicon detector at standard 60 Hz frame rate). The intens i-

f ier  systems needs improvement both in gain and deca t in ..’ characteristics. I t

has also precluded work at wavelengths shorter  and of V4333 ~ \ w h i c h  s h o u L d  ~~~ i~t~~
V 

vestigated at some time.

2.4 The Detector

So far , the only detector used at the telescope for standard work has been

a standard Canon camera w i t h  an automatic f i l m  advance system . In th is  node the 
£

exposure rate is determined e i t h e r  d i rec t ly  by the observer or ~~y  the  three

frame per sec multiple exposure rate. The recording emulsion used has been

Kodak Tri—X in either 3 or 256 exposure cassettes. The emulsion was developed



- ~~- - ~~--~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .

in D19 a1’Lhou ~ h early experiments ind icated  tha t  M’S-TP2 was superior in in-

suring the ~~~hest detective quantum efficiency at low light levels. w i t h

this system good quality specklegrams can be obtained of stars down to 6ch— 7th

magnitude. ~e’.’ond ~~
-
~is poi r~r , h oweve r , the density of recorded events dec l ines

rapidly, partly a. .i result of reci~ rocitv failure in the film and the number

of frames required to insur e sufficient signal t o noise becomes inconvenienti

large. Detector :‘u)rovements are clearly required for t h e lower light levels.

Initial tests with a digital dID camera (see Section 5.1) appear promising

and data have been oHtained on the faint satellites of Saturn .

3. S .~~~~ c~’ ~~~~~~~~~~ i i ~~id ~~~ ~~~~ :~~~~
:‘

~~ u:~ FLNCT1ON

One of the major questions concerning image reconstruction with lar~ c

astronomical telescopes is the size of  rae iso—planatic patch — the angu lar

extent of the re~~.on ver ..Vh ich the atmospheric medulation o~ t.~c i accm1n ~
L~ ;ht d . c  is the  5dn~~

V . is crucial in c e r t a in  image r e con s t r u c t  ~on

techniques involving a nearb . po int  source to dLter m ine  the a s ~~~er ic

transf.~r function (Li~ and Loftnann 19~ 3, ~‘eigelt 1975). It is also fund.Vl_

mental to understanding the b ehavior of the atmosphere and hence the general

limitations on speckle techniques.

Our technique has been to observe a series of brig ht binaries w i t h  separ—

at~ ons in the range 2” — 10” arosecs. Only systems in which ~ota stars were

brighter than ‘~rh  magnitude  were used and preference wa s given to pair . of

a~~ raximateiv equa l bri~ hitness. The objects are lis:cd ~a TaH e 2. The data

were recorded on photographic emulsion and later di gitized using the PDS

scanner at Kitt Peak National Observatory .

I
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TAi3Li. 2

‘V JID E DOUBLES V

Star Magnitude Separation
(arcsecs)

V
1 

V
2

y Vir 3.65 3.68 4.05

y Leo 2.61 3.80 4.30 
V

Cnc 5.56 6.02 5.97

; UNa 4.41 4.87 3.03

c~ Gem 1.99 2.85 2.10 
-

11 Mon 4.60 5.22 7.4

5.60 2.5

Our method of analysis was as follows : For each frame, the autocorre—

lation of each star in a binary system was calculated along with the cross—

correlation between the two stars. The results were denoted by A(1), A (2) ,

and C(l ,2 ) .  Each of these functions contains a high spatial frequency 
V

component arising from the “diffraction” limited speckle pattern together

with a low frequency component representing the scale and distribution of

the seeing disk S(1), S(2), S(l,2). This latter component may be evaluated

from the cross—correlation of any steirar image on successive exposures , or V

ones more widely separated in time. A measure of the speckle autocorrela—

tions and cross correlation a(l), a(2), and c(1,2) respectively , are:

a(l) = A (1) — S(l) £

a(2) A(2) — S(2) 
V

c(1,2) (C ,i,2) — S(1,2) V



:~~~ ~

•rhese  V~uaa:ities were then averaged over all frames of a given

o bj e c t .  T he ~‘.‘t ragcd fu n c t i on s  < a ( l ) > , < a ( 2) >  and < c ( l , 2 )>  V , r ~~~ ~ l~~t t e d

in F L~ ur es 3 and .
~ for the binary  s tars  y Vir  and Zeta Cnc with separations

and 5 . 9 ~ ’ respectively. Note that in ç Cnc there is essentially no

remaining correlation at a separation of 6.0”. The results of all the stars

in the ~~ V 1mu ~~ i~~ be p t r V ~ : tcr :ec 5’: rho fun ction

( . )~~ c(l ,~~~ /- a (l) V
~~ V V l ( 2 ) ~~~~~~~~~~~

/
~~

V~hcre ~ ~s t~~e separation of the two stars . The results for all stars oh—

~~~ ire ~:~~wn in ricure 5. .\ though there is substanti al scatter it -~~

~~~~~~~~en separa:i~ui , there do es appear to be an unper envelope to the data

wh i ch d e c l i n e s  f r o m  .lppro :<LaVl telv 0.5 at 2 a rc s e~~ s to essent ia l ly zero at

— ‘.r , ’ s e c s.  ‘V O  ~‘ ,i~’o also m .ide some efFor t t V ~ deterrrine the d C
V
~ V V V f l V ~~Cf l~~~~~

:;~~ h istanco . The ro -u L ts shown V~~~~~~. V indi cate n~ h’: j V y l s  t rV 2 r~~ .

ove r dna los Los.; than ~5° hnt mere data are rect:ired to con F~ ~~~~ r~’e ~ SV
~~ V 1

~~ conclude therefore that:

it ~a) the size of the iso—planat i.: patch at the S teward °0” telescore

at :~1tt Peak is 6 arosecs in typical conditions ;

(5’ suhstantial correlation exists out to !.5 arcsecs;

. c )  the correlation at any given seParation varies with time .

~~
V \ ’ V\  :\N~\LYStS V

°u r m ain  e f f o r t s  in this  area  cave h~een directed u~~~d ’ davoiL loino soft—

ware to process 2—fl analogue frames such as digitized photographic data .

V 
The program . (SPE~~

’, is described briefly below :

1: The reduc t ion  program uses the method of autocorrelatin~ each short—

exposure f ram e to recover information of high spatial frequency and usinc the

- - fl~ 
j ~ V=V ~~~~~~~ _ V~ -= _~~~~~~~~~~~ _ UL_~~~~~~~ V V ~~~~~~ V
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cross—correla tion of each fram e with th0 (n+l)th frame ,is an appr oximat ion

of the noise introduced by seeing. The sum of the cr os V ~_ cor r e 1 at i o n s  can

then be subtracted from the sun of the auto— corr~’ Lit ions to itive .1 v e ry

good approximation of the auto—correlation of the obj ect itseI~ , without

seeing effects. This method was firs t proposed by Schmidt , Anc~’l and 9.ir--~s

and was 1 ,itc r applied to Ves t ,i by I~e r den  . St e  in • S ~-bin i J t in .\n40 77 V

part of this contract work.

The program itself begins by reading in each dii~it IzeJ fram and Fourier

transforming i t .  Then each frame is squa red and also n u l t t h l i e d  by i t s

neighbor . These operations aro e q u i v a l e n t  to do ing  au to— and cr o s s— c or r e l a —  V

tions of the frames. Tli~ program keeps a running sum of the  difference o

the auto and cross c or r e l a t i o n  t r a n s f or m s and It the  end , it inverse trans— 
V

f o r m s  the r e su l t .  Ihu ~ Fourier tr,insforni methods are compl ete lv e ou i v a  lent

to a direct correlat i on ,  b u t  f o r  h i gh f l u x levels run much faster.

For the iso p l.inacv m e a s u r e m en t s , the program is based on th e  need t o

measure the sim illartv of the speckle patterns of two stars in a wide

binary. Clearly if they were identical the cross—correlation of the two

would be the same as the s u i t a b ly  normal ized a u t o — c o r r e l a t i o n  of e it h er .

IF they were uncorrelated , the cross—correlation w ould  he only noise. Thus ,

some sort of norm of the cross—c orrelation should he compared to that same 

• of  the  auto—co r r ’  l it  i on .  We V t i i ~ I trari IY Oh ost~ to comport’ he na~ imur i

ho L~ ht (infinit y norm ) of the cross—correlati on to  the average of the i n f i —

nltv norms of the auto—correlations for an iso—plan acv parameter (of. 53). V

The infinity norm h~ s the advantage of being easy to calculate , hut the

possible disadvantage of being sensitive to t h e  no ise  s p i ke  Ln our data

because our salnp ling Size’ Is much larger than the film grain size , or the

photon size on the film.

VL
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A t t he hi gh pho t on  rates ( i .e .  , rates in which more th an one r b ’t o n

arrives per speckle/frame on average) a similar processing scheme is required

for  d ig i ta l da ta  also .  In this  s i t u a t i o n  the analysis tim. ’ turns out to

~e Ion .~er than t The frame time . la the  event that the number of ~~~~~~~~~~~~~~~~~ 
~ •r

j I frame is low , howev er , it becomes possible to ca lculate the nu to—c orr olV itien

d i r ec t ly  in a time shorter th an the f rame t ime . An ex v er i m e n t  h I S  been

carried out at the 9O~’ us ing only a l i nea r  a r ray , thereb y los i ng much of

the ava ilab l e  i n f o r m a t i o n  ( Schmid t , Ange l and Harms l~~7 6 ) .  I t  nonthe~~ess

was c learLv demons r ated  the on—l ine  c a l cu l a t ions  of the a u t o — o c r  ro lot i •-a

f u n c t i o n  could be carr ied out at t h e  telescope .

We conclude tha t if p r o c e s s i n g  s c a r r i ed  out in the c o mp u t e r  th~~ro V

is n a tu ral  d i v i s io n  t~~Ct ~~~ L’ 0 f l  low flux s t’~d i ~. s wh o r .’ an .‘ - e r r , ’ at i, ’n~ on

be ca rr ied oat on L i n e  wi th~ ut  10 15 e ~ng  ehs.V r ~~V - 
~~~~ tim e. , e  I n f • ’rm r~ I ~‘0

r ,ime is in m v  cas e Low • ma n” names  are no ‘n~ retj  u t  rca , a ma -
~ • ‘ -~ .‘

t i me is crucial. For brigh t oh i e ct s  the num h~’r of F r  mmi ’s r e q u i r e d  is l ower

but  the process in~ cannot occur in rea l  t imo i n  the comnuter .

t ime is wasted if en line rosiil.ts are desired. The only w ay  in which te~ e—

scope t ime ca n be con served is ~‘v u s i n ~ ha rd—w ired }~~‘n r V i e r  Transf orm devicc~

in which the i ac e .~~~in 4  d at a  is prooesso~i ‘.‘ : o r e  st.m ~’kLn~ 
( - • ‘—a . h l i i ~~ in

the computer.

s. PRm~~L:~ TS .\~.D E~ TUR E WORK

In carrying out the program described above • we h ive ~‘nconnt~’red .1 ntm r w ’ e r

of p roblems .lnd d iscovered sc \ -o ro  I i n . .’ ~ f o r f u r t h e r  flvcet m O a t  I ‘n .

5 .1  D e t e c t o r  Sy s tem

Our most ser ious problem has been the use of .m oh~’ •‘orap h to re cord 0

av st em . The d i f f i c u l t i e s  ar i se  because or the i o l l , l s i n O :  V

V

~~t 
.
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(a) the non—linear responses

(b ) the low dynamic range

(c) the slow frame race compared to frame time (inefficien t d,it .m

gathering)

(d) the immense data reduction task when only a f~ w ~hc’tons are

recorded .

The above problems limit the efficiency and accuracy of recording data

and render work on fainter objects prohibitive.

These deficiencies can be remedied by the introduction of •m lLnear elec-

tronic recording system capable of measuring either analogue signals (high

photon rates) or the locations of individual photons . Such a system might be

constructed using 500 x 500 pixel solid stute array (CCD or CID) readouts of

high gain  image tubes. In our system , it would merely replace the photographic

camera. It is hoped to construct such a readout system during the next grant V

period. In tho meantime , some preliminary detector work has been carried out.

Photoelectronic Detector Developmen t

A ~ x 936 Reticon photo diode array and a l.~S x 128 CE charge injection

device (CID) image sensor have been successfully implemented as secondary

se:.sin~ elements for photoelectron limited data acquisition. Both of

thOV 4C dovices are transfer lens coupled to the output of the equivalent of

or more s :m.;es or L ir e  pho toe lec t ron ic  image i n t e n s i f i e r s  to provide ti m e

primary photoelectronic detection and optical signal amplification necessary

to overcome the electronic readout noise intrinsic to such devices. The

Reticon photodiode array has been implemented in a one—dimensional mode as .m

possible precursor for a Reticon 2—D array. The CID device has been demonstrated V
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as an image sensor for 2—0 speckle interferometry camera in both analogue

and photon counting modes. These systems are described briefly below .

The Ret icon System. The Reticon CP100I silicon photodiode array con—

sists of two parallel adjacent rows of 936 diodes each. The diodes are

30~m Long (contiguous along the row) and 375um wide. The active area is

thus 0.753 mm wide x .~~~ mm long. The arrays are scanimo d sequenti .mllv under

computer control. Each array is readout in two analog channels through

low—noise charge—sensitive FET—input preamplifiers. In order to reduce

the detector dark current the entire arr.iv and preampLifier pacha~ e is cooled

to —33° C, To ininimi~e readout noise , the arrays are scanned a: a maximum

rit e of ~ KhZ ~250~.—sec r diode) alLowing analc V~ae f i l t e r i n g  to 20 KHz

bVloJwiJth . : permit: La; i n  S KHz .l .i to rate s inca cud and even diodes are

re .U s L. :;u l~ I . i e c u s t v. Li La pe rm its S V ’ ’ c r . i t Lo o  i~ L t d  a l. bit .\ ‘
~~ converter

. i t  .m dynamic  r ange  ( r a t io  of ‘naximum signal to read—out flO V~~SC) of 104 to 1

w i t h  a readout noise of .ipproximatelv 700 eioctro ’.s per photodiode.

This  system is curr entL y used as an analog readout device to record 1—D

data obtained at the 90” telescope Cassegrain focus . The spectrum or object

is initially imaged onto an RCA two—stage -~0 mm magnetically— focused image

tube , and the phosphor output of the tube is re—imdgc~~, using an fl.O Repro—

:;i~~~Or 1:1 transfer lens , onto a Varo tiiree— stage -.~U wn ~.nte n s ifi er . Ide

‘aesphor ~~~~~~~ o: L a o  V-ire tubes ~s La t u r n  imaged hy ,~ second f/i. 0 ,~c~r . ’—
.~~~~ or 1:1 trans F~ r lens on t o  t a c  heticon photo diode arrVl v. The Varo ttii ’es

are magnetically shielded from the RCA tube , and one s tage of the Varo tubes

is equm.pped with a pair of coils which translates tile spectrum along the

V photo diode .mrrar in order to over—sample the spectrum . Deflection of the

spectrum ov ~‘ne—haLf diode width , i.e., ISan , comfort abLy oversamples the
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b5um resolut ion ob tained wi th a .~.5 arcsecond spectrograph aperture. with

both transfer lenses at 12.8, approximately 1.5 x iü~ electrons are pr oduc ed V

in the detector for each photoelectron. Since the readout—out noise is about 
V

700 electrons , individual photoelectrons are detected readily. The diode

saturation charge is approximately 2 x l0~ electrons , thus the effective 
V

detector dynamic range , at these transfer lens settings , is approximately

1300:1. 
V

In order to further minimize the detector noise , the image tubes are V

cooled to about —15°C to reduce photoelectronic dark emissions and ion

events. A computer algorithm makes it possible to identify and remove the

large amplitude signals (typically 10 to 100 times that of photo electrons) 
V

produced by ion events by comparing a given detector scan with ones immediately V

preceeding and following it. The variations in diode—to—diode sensitivity V

ci the Reticon , amounting to about 5~ rms , are calibrated by observing a

continuum larm ’ . The total system response function is determined by observing

ph otomet r  ~c.m l i v  calibrated s t and aru  stars.

The device is readily generalizeable to 2—D formats more suitable to V

speckle work. Such arrays will soon be available from the Reticon Corporation.

Ide CLP System. The central component of the General Electric TNd~ 00

CID camera is a Ld3 x US element array of pixels on ~i6~im centers giving a

~ ~am r ’  s en s o r  ~~ . ~m on a S I V d C .  Ibis  camer a  ‘no be readout at m maximum rate

of fort y frames of Lo ,i8~ elements per second (0.6 ~fl~z) externally clocked

by tts control unit.

The computer supervised camera contro l used here contains a four micro—

second 8 bit AID converter with selectable clock rate and other logical con— V

trols for a high—speed shutter and oche r auxiliary equipment. Between the
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camera control and the actual interface to the control computer there is a

high speed S bit multiplier which can be bypassed or inserted into the

digitized video data path or may be made available directly to the pr oV~essor

V for high speed 8 bit multiply operations.

The control computer is an 8 bit Z—80 microprocessor capable of ~1tz

operation coupled to a 64K 300 nsec static R.\.S V
~ memory . This memory is

sufficient to hold image acquisition and analysis programs and still have

room for two completely digitized frames of data. An on—line video display

consisting of a simple X’f (X , Y , Intensity) monitor capable of d i sp 3V a v ing  V

S hi: digici:ed data on all three axes is included . This image acquisition

system is linked by a data—interface to a host computer for recording frames

V on disk and magnetic tape and for other data reductions . With the micro— V

:‘:~~cessor runnin~ it its - :dL~ clock rate , the system is capable of acquiring

aad s t o ri n g  S l~it di;i:i.~od cixe l data for a complete 17 ,384 element frame

in ~0 msec.

-.nerl the camera is one rited at — 2 5 ° C t he camera noise is s i ;n i f i c a n t lv

Less than the least significant bit (l.s.b.) of the 8 bit A D  converter. In

the confi guration used w i t h  the speckle camera application , the primary

camera image was acquired with a three—stage 40 mm Varo image intensif icr .

The phosphor output of the image intensifier was reinaged on a second three—

~~J tim V~ ro iciuce intensifier using an fl.0 ~epro—~ ik~or 1:1 transfer

~aa . ‘ t-~ dice dark omias ions . t a o  image intensif ~~~ •s~~~~~
-
~ operated at

about —1 5 °C. With both transfer lenses at f 1.4 sin~ ’o photoelectron events

can be imaged on single pixels with amplitude of more t an 100 l.s.b.

A version of this system has just been tried O~ Vi~~ he telescope .

j V’irsc indications are cha t good sneckle data were obtainee :hough a proper
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evaluation awaits detailed reduction. The system has two apparent disad— 
V

vantages; namely a fairly slow frame time (2 secs at present although this 
V

can be improved to - 0.5 secs at low flux rates) and only marginally adequate V

numbers of picture elements for use at a - 100” telescope . For larger tele-

scopes a 256 x 256 array will be necessary . Nonetheless , the present system

offers valuable experience and an apparently useful interim solution to the

detector problem. For the longer range we are continuing our interest in

SIT Vidicon, Reticon arrays and large format RCA—CCD systems .

5 . 2  Atmospheric E f f ec t s

Ia the course of our analysis we have come across a number of further

tests t h a t  need to be made to fully assess the power of the speckle technique.

~~~ are:

1. dew long art exposure can be made w i th o u t  loss of information?

How does this depend on light level?

2. How many speckles on average contain above a specified fraction

of incident photons ?

3. Is there good radial symmetry in the extension of speckles when

broad band passes are used? If so, can lenses be used to correct

this as suggested by Dainty ?

How does the size o~ the isoplanatic :-‘atcb v a ry  with t e le S C o p e  V

aperture~ 
V

5. Why does speckle contrast seem to decline at shorter wavelengths

V 

and how does this limit interferometric studies?

These questions will be addressed during the new grant period.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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