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This  r e p o r t  d e s c r i b e s  t h e  ope ra t ion  of an  automated procedure which 

maximizes t h e  s i g n a l  from a  d e t e c t o r  mounted on t h e  t e l e scope  of t h e  Kuiper 

Airborne Observatory by poin t ing  the  t e l e scope  a t  an  astronomical  source.  

INTRODUCTION 

I n  t h e  measurement of d i s c r e t e  astronomical  o b j e c t s  i t  i s  necessary t o  

o r i e n t  t h e  t e l e scope  t o  maximize t h e  s i g n a l  from a  de t ec to r  mounted a t  t h e  

f o c a l  p lane .  The low frequency s t a b i l i t y  of t h e  91 cm t e l e scope  of t h e  

Kuiper Airborne Observatory (KAO) is  der ived  from a  video image of a  guide 

s t a r  formed i n  a  15  cm "tracker"  t e l e scope  which i s  a t tached  t o  t h e  main 

te lescope .  The r e l a t i o n s h i p  of t h e  p o s i t i o n  viewed by t h e  i n v e s t i g a t o r ' s  

d e t e c t o r  and t h e  v i s u a l  f i e l d  of view of e i t h e r  t h e  main t e l e scope  o r  t h e  

t r a c k e r  t e l e scope  is  c a l l e d  t h e  bo res igh t .  The p o s i t i o n  of t h e  guide s t a r  

w i th in  t h e  t r a c k e r  f i e l d  of view and t h e  a t t i t u d e  of t h e  t r a c k e r  t e l e scope  

r e l a t i v e  t o  t h e  main t e l e scope  can be v a r i e d  t o  permit o f f s e t  guiding on 

b r i g h t  stars when t h e  o b j e c t  of i n t e r e s t  is  too  f a i n t  t o  be t racked .  The 

PEAKER program u t i l i z e s  t h e  s i g n a l  from t h e  i n v e s t i g a t o r ' s  d e t e c t o r ,  t h e  

Tracker Computer, and t h e  Executive Computer of t h e  KAO t o  au tomat ica l ly  

maximize t h e  s i g n a l  from t h e  d e t e c t o r  by o r i e n t i n g  t h e  t e l e scope  i n  a  c losed  



loop mode while  t r ack ing  on a  guide s t a r .  The n e c e s s i t y  f o r  peaking t h e  

bores ight  more than  once per  o b j e c t  is  due t o  v a r i a t i o n s  i n  t h e  bores ight  

p o s i t i o n ,  which may be  caused by t e l e scope  f l e x u r e ,  chopper d r i f t s ,  e t c . ,  

a l though t h e  most common cause i s  probably f i e l d  r o t a t i o n  of t h e  guide s t a r  

while  o f f s e t  guiding.  Depending on t h e  a p p l i c a t i o n ,  bores ight  peaking may be 

d e s i r a b l e  every few minutes.  

CONCEPT 

PEAKER fo l lows  a  sequence which is  s i m i l a r  t o  t h a t  of an  experimenter 

opt imizing t h e  bo res igh t .  The o b j e c t i v e  is  t o  move t h e  t e l e scope  under 

computer c o n t r o l  t o  maximize t h e  i n f r a r e d  s i g n a l  quickly.  The s i g n a l  i s  a n  

analog vo l t age  V; I v ]  <10 v o l t s .  The e l e v a t i o n  and azimuth axes  of t h e  

t e l e scope  motion are l a b e l l e d  x  and y. Then V = V(x,y). The philosophy 

of t h e  peaking r o u t i n e  i s  t o  opt imize i n  one dimension ( x i ,  then  opt imize i n  

t h e  o the r  dimension, and then r e p e a t  t h e  opt imiza t ion  i n  both axes a t  t h e  

experimenter 's  d i s c r e t i o n .  The computer samples V a t  d i f f e r e n t  p o i n t s  

(x,y) ,  computes t h e  optimum p o s i t i o n  (X,Y), and itloves t h e  t e l e scope  t o  (X,Y). 

INITIALIZATION 

P r i o r  t o  us ing  t h e  peaking program, t h e  experimenter w i l l  d e f i n e  t h e  

input  parameters:  

T  = i n t e g r a t i o n  t ime f o r  one sample ( d e f a u l t :  T  = 1 second); t h e  

v o l t a g e  V is sampled roughly every 0.01 seconds dur ing  T. Af te r  

moving t o  a new p o s i t i o n ,  PEAKER au toma t i ca l ly  al lows f o r  s e t t l i n g  

of t h e  t e l e scope  be fo re  sampling V. 



S = angular  s e p a r a t i o n  of sample p o i n t s  f o r  s t a r t  of peaking (de fau l t  

S = 15");  S should be < FWHMI2 of t h e  exper imenter ' s  beam p r o f i l e .  

B = s i z e  of t h e  box in to 'wh ich  t h e  t e l e scope  must be pointed p r i o r  t o  

sampling V. The d e f a u l t  box dimensions a r e  one t r a c k e r  p i x e l  i n  

e l e v a t i o n  (21'9) and one t r a c k e r  p i x e l  i n  azimuth (4'!3). 

F rac t iona l  p i x e l s  can be s p e c i f i e d  f o r  B. 

L = l i m i t  of search  range (de fau l t  L = 60"). 

These parameters a r e  en tered  i n t o  t h e  Executive Computer. 

PROCEDURE 

The experimenter f i n d s  some s i g n a l  by moving t h e  t e l e scope  wi th  t h e  

"tweaker box" and t e l l s  t h e  t r a c k e r  opera tor  " l e t ' s  maximize (minimize) t h e  

s i g n a l  s t a r t i n g  a t  t h i s  pos i t i on . "  The opera tor  pushes t h e  "Maximize" 

("Minimize") switch on t h e  Tracker Console. 

PROGRAM OPERATION 

I. Let t h e  i n i t i a l  coord ina tes  be l a b e l l e d  x 
1' Y 1  

. The program measures 

V a t  t h i s  p o s i t i o n ,  and a t  two ad jacen t  p o s i t i o n s  i n  x.  One of t h e  

fol lowing condi t ions  w i l l  ob t a in :  

V cv  
V1'V2 and 1 3 v cv z v  

3 1 2  

(or, V CV C V  ) 
2 1 3  



I f  cond i t i on  - A occurs ,  something is  wrong ( i f  maximum is  being sought) .  

The program h a l t s  and t h e  experimenter t o l d  t o  t r y  again.  

I f  B occurs ,  t h e  program moves t h e  t e l e scope  by S ,  r ede f ines  x - 1 ' 
samples V,  and r e p e a t s  u n t i l  cond i t i on  C is  e s t a b l i s h e d .  

A s  soon a s  condi t ion  - C e x i s t s ,  t h e  computer f i n d s  t h e  p o s i t i o n  of t h e  

maximum of a  parabola f i t t e d  through t h e  l a s t  t h r e e  p o i n t s  measured: 

Note t h a t  S must be small  enough t h a t  V2 and Vg r ep re sen t  apprec iab le  

s i g n a l  from t h e  source.  

11. The program then r e t u r n s  t o  S tep  I, bu t  maximizes i n  t h e  y coord ina te  

whi le  us ing  x = X. The r e s u l t  i s  

and a  p o s i t i o n  y = Y,  obtained f rom,an  equat ion s i m i l a r  t o  t h a t  f o r  X above. 

111. The program f i n a l l y  p o s i t i o n s  t h e  t e l e scope  a t  X and Y ,  and a  l i g h t  on 

t h e  t r a c k e r  console  i n d i c a t e s  t h a t  PEAKER i s  done. 



I V .  I f  t h e  experimenter is  not  s a t i s f i e d ,  he a sks  t h e  t r a c k e r  opera tor  t o  

r e s t a r t  PEAKER o r  t h e  ADAMS ope ra to r  t o  r e i n i t i a l i z e  t h e  parameters.  

REMARKS 

Thus t h e r e  are two commands which a r e  accomplished wi th  t h e  switches on 

t h e  Tracker Console: MAXIMIZE/MINIMIZE. I f  PEAKER f a i l s  i t  i s  u s u a l l y  

because of i n c o r r e c t  parameters ,  which can be quick ly  modified t o  improve 

t h e  performance. I n  ope ra t ion  wi th  t h e  chopper, PEAKER is  u s u a l l y  s t a r t e d  

immediately a f t e r  beam switching.  The t r a c k e r  computer w i l l  remember t h e  

new p o s i t i o n  (X, Y)  found by PEAKER i f  t h e  app ropr i a t e  beam STORE switch on 

t h e  Tracker Console is  pushed. 

The o p t i o n  t o  abo r t  during PEAKER ope ra t ion  is  provided. This  provis ion  

r e t u r n s  c o n t r o l  t o  t h e  r egu la r  t r a c k e r  program. For example, i f  l o s s  of 

t r a c k  occurs  dur ing  t h e  ope ra t ion  of t h e  peaking r o u t i n e ,  i t  would normally 

be abor ted .  

In  p r a c t i c e  PEAKER f i n d s  an  optimum bores ight  i n  about 12 seconds us ing  

t h e  d e f a u l t  parameters.  Smaller va lues  of S  and T w i l l  g ene ra l ly  r e s u l t  

i n  s h o r t e r  op t imiza t ion  t imes.  However, t h e  s e t t l i n g  time of % 5 seconds i s  

determined from t h e  s t a b i l i t y  of t e l e scope ,  and may be longer  i n  t u rbu len t  

opera t ing  cond i t i ons ,  o r  i f  B is decreased.  
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