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SECTION 1 

INTRODUCTION 

Ihis ~ ~ i l i b r a t i o n  r e p o r t  c o m p i l e s  t h e  r e s u l t s  of c a l i b r a t i o n s  and  
tes ts  per formed  on ISS cameras  SIN 0 1  - SIN 08,  which  were  d e s i g n e d  and 
b u i l t  f o r  t h e  Voyager m i s s i o n  t o  J u p i t e r  and S a t u r n .  A comprehens ive  
a n a l y s i s  of Lhe d a t a  o b t a i n e d  and a d e t a i l e d  d i s c u s s i o n  of t h e i r  accu-  
r a c y  'ire a 1  s o  i n c l u d e d .  B r i e f  d e s c r i p t i o n s  o f   he methods ,  t e c h n i q u e s ,  
.ind equ ipment  a r c  p r o v i d e d  s o  t h a t  t l ie  r v p o r t  c a n  a l s o  b e  u s e d  CIS ci 

c o n v e n i e n t  c a l i b r a t i o n  manual  f o r  f u t u r e  s p a c e - f l  i g l i t  p r o j e c  t s .  

The u l t i m a t e  gocil  of t h i s  r e p o r t  i s  t o  p r o v i d e  i n f o r m a t i o n  and 
d a t a  t h a t  w i l l  s a t i s f y  t h e  b a s i c  p u r p o s e  o f  t h e  Voyager imaging  e x p e r i -  
ment ,  which i s  La p e r f o r m  e x p l o r a t o r y  r e c o n n a i s s a n c e  o f  J u p i t e r ,  S a t u r n ,  
t h e i r  s a t e l l j  Les,  and t h e  r i n g s  of S a t u r n .  The o b j e c t i v e  o f  ISS c a l i -  
b r a t i o n s ,  t h e n ,  was t o  d e f i n e  t h e  c l i a r a c ~ e r i s i i c s  of t h e  i n s t r u m e n t  s o  
th r i t  d a t a  o b t a i n e d  by i t  c a n  b e  r e l i c 3 b l y  i n t e r p r e t e d  w i t h o u t  l i m i t a t i o n s  
b e c a u s e  o f  u n c e r t a i n t i e s  a b o u t  i n s t r u m e n t a l  perLormance.  

The c a l i b r a t i o n  program c a n  b e  d i v i d e d  i n t o  f o u r  p a r t s :  

( a )  Component c a l i b r a t i o n s .  

( b )  Subsystem c a l j  b r a t i o n s  (bench  and thermal  -vacuum chamber) 

( c )  System c a l J b r a L i o n s  (SAF and ETR) 

(12) I n - f l i g h t  c a l i b r a t i o n s .  

P c i r t s  ( a )  and ( b )  a r c  f u l l y  documented i n  t i n s  r e p o r t .  P a r t  ( c )  
i s  a l s o  d e s c r i b e d  h e r e ,  b u t  i t  s h o u l d  be r e a l i z e d  t h a t  s y s t e m  c a l i b r a -  
t i o n s  have  been min imal  f o r  t h e  Voyager p r o j e c t  b e c a u s e  o f  t i m e  and 
b u d g e t a r y  c o n s t r a i n t s .  P a r t  ( d )  w i l l  b e  per formed  s e v e r a l  t i m e s  between 
t h e  1 c-umch and t h e  e n c o u n t e r ,  and t h e s e  c a l i b r a t i o n  r e s u l t s  will b e  
d j s c i i q s e d  in. a  s e p a r a t e  r e p o r t .  l'he i n - f l i g h t  c a l i b r a t i o n s  a r e  v e r y  
i m p o r t a n t  b e c a u s e  t h e y  w i l l  v e r i f y  and u p d a t e  t h e  d a t a  c o n t a i n e d  i n  t h i s  
documnuti and w i l l  e n a b l e  t h e  TPT t o  f i n a l i z e  t h e  ISS calibration 
program.  

Every e f f o r t  h a s  been  made Lo i n c l u d e  a l l  s u b s t a n t i a l  and impor- 
t a n t  r a l i b r d i i o n  r e s u l t s ,  b u t  a great-  d e a l  of s u p p l e m e n t a r y  d a t a  h a s  
been o m i t t e d  t o  r e d u c e  t h i s  document t o  a size ~ e c h n i c a l l y  and economi- 
 illy f e a s i b l e  f o r  p u b l i r a t i o n .  These  d a t a  have  b e e n  f i l e d  at. JPT and 
c a n  b e  made a v a i l a b l e  t o  a l l  u s e r s  upon r e q u e s t  t o  t h e  Voyager P r o j e c t  
R e p r e s e n t a t i v e .  

A number of a b l ) r e v i a t i o n &  a r e  used i h r o u g h o u t  t h i s  r e p o r t .  Most 
o f  them a r e  w i d e l y  known o r  s e l f - e x p l a n a t o r y ,  b u t  i t  may b e  b o n ~ f i c i a l  
f o r  t h e  u s e r  t o  become f a m i l i a r  w i t h  them b e f o ~ e  a t t ~ m p t i n p '  Lo r e n o  tile 

r e p o r t  ( s e e  " 1 ) e t i n i t i o n  of ~ b b r e v - i ; ~ t i o n s "  on p a g t  iv) - 



The I S S  Ldmeras S / K  01 - S/N 08 were  a s s i g n e d  and r e d e s i g n e d  
severdl Limes to d i f f e r e n t ,  spacecraft i n  the months p r e c e d i n g  i h c  
launch. To s i m p l i f y  the r e s u l t s ,  dl1 ~dlibration d a t a  i n  this r e p o r t  
a r e  l i s t e d  c o n s i s t e n t l y  bv t h e  ISS camera  s e r i a l  number (S/N). Tne 
Voyager  ISS component a n d  camera  assignment is then explained in 
Fable 1-1. 







SECTION I1 

SUPPORT EQUIPMENT 

Successful implementation of all Voyager ISS tests and calibrations 
required by Reference 2-1 necessitated utilization of a complex support 
equipment, which included the bench checkout equipment (BCE), the JPL 
light cannons, several collimators, and a set of specially designed 
targets. Their purpose and technical mode of application are described 
in this section. 

A. BENCH CHECKOUT EQUIPMENT 

1 
The BCE provides a means of functional testing and calibration 

of the Voyager-ISS cameras. (For detailed description and information 
about the BCE, see Reference 2-2.) The BCE consists of three basic 
units: the tape recorder, the processor/simulator, and the monitor 
(see Figure 2-1). A commercial automatic card reader, which is not 
shown in Figure 2-1, was also connected to the BCE. 

The BCE tape recorder is a commercial unit which received IBM- 
compatible formatted information on a nine-track magnetic tape at 
95.25 cm/s. The tape transport unit has both a read and write capabil- 
ity. The maximum number of frames that can be recorded on a single 
tape is 20. All ISS calibration procedures had to comply with this 
constraint. 

A printer is mounted below the tape unit. This printer contin- 
uously prints all kinds of input and output data, as well as the most 
critical engineering parameters. During ISS calibrations, the printout 
proved to be valuable for troubleshooting, verification, and various 
other purposes. 

The BCE processor/simulator was used for sending commands such 
as shutter speed, filter-wheel position, camera mode, frame scan rate, 
low/high gain, light-flood on/off, etc., to the tested ISS cameras. In 
this respect, the Voyager-ISS BCE was similar to that of previous space 
missions. However, it did have two new useful features; namely, the 
temperature indicators of various camera components and the pixel 
average video-signal indicator for any selected area. 

The main unit of the BCE monitor is a commercial high-resolution 
television video monitor which mounts in a standard 48-cm rack. The 
monitor is a fully solid-state, 43-cm diagonal monitor with 1000-TV 
line resolution and 33-mHz bandwidth. The video display format consists 
not only of the frame picture itself, but also of various test data and a 

1 
Designed and manufactured by Xerox Electro-Optical Systems, Pasadena, 
California from components supplied by various manufacturers. 

2-1 



I A P E  RECORDER PROCESSORISIMULATOR MONITOR 

F i g u r e  2-1.  Voyager-ISS bench checkout  equipment (BCE)  



video data hiscogram, as indicated in Figure 2-2. A Tektronix Model 
C-53 camera could tie attached to the video monitor by means of specially 
designed mounting braeketry, thus providing the capability of photo- 
graphing the video monitor display during normal Lest operations. 

An oscilloscope is mounted in the center part of the BCE monitor. 
A Polaroid camera, also provided as part of the BCE equipment, records 
the oscilloscope images. Both the video monitor described above and the 
oscilloscope were extensively used for planning and verification of the 
ISS calibration procedures. 

The BCE card reader (not shown in Figure 2-1) can be used to supply 
automatic control of the BCE. Cards can be programmed to set the BCE 
test switches or to provide a video test pattern through the BCE for 
testing its various video-oriented functions. With the exception of a 
few emergencies, when manual control had to be used, all ISS calibra- 
tions were performed in the automatic mode using the card reader. This 
automation resulted in an outstanding repeatability of all tests and 
calibrations, and it also enabled an excellent on-line data recording 
and analysis, 

PICTURE 

Figure 2-2. BCE video display format 



R. LIGHT CANNONS 

Three  d i f f e r e n t  JPL  l i g h t  cannons were  used  a s  l i g h t  s o u r c e s  f o r  
ISS c a l i b r a t i o n s  ; 

( L )  Ihcx  30-cm 1 i g h t  cannon Nu. 1 ( F i g u r e  2-3) f o r  v a r i o u s  r a d i o -  
m e t r i c  c a l i b r a t i o n s  of t h e  narrow-angle cameras .  

(2 )  The 30-cm l i g h t  cannon No. 2 f o r  i l l u m i n a t i o n  of t a r g e t s  i n  
t h e  F a i r c h i l d  c o l l i m a t o r  (bee  S e c t i o n  T I - C  and -D). T h i s  
l i g h t  cannon i s  a lmos t  i d e n t i c a l  t o  l i g h t  cannon No. 1, 
e x c e p t  f o r  a s h o r t e r  cone and d i f f e r e n t  s p e c t r a l  i r r a d i a n c e  
c h a r a c t e r i s t i c s .  

( 3 )  The 13-cm l i g h t  cannon ( F i g u r e  2-4) f o r  v a r i o u s  r a d i o m e t r i c  
c a l i b r a t i o n s  o f  t h e  wide-angic cameras .  

Each of t h e  two 30-cm l i g h t  cannons i s  equipped  w i t h  two 1600-W xenon 
h igh -p re s su re  arc- d i s c h a r g e  lamps i n  an i n t e g r a t i n g  c a v i t y ,  a v a r i a b l e  
i r i s  d iq ih ragm for brightness r e g u l a t i o n ,  a  second  c o n i c a l  i n t e g r a t i n g  
c a v i t y ,  and f i n a l l y ,  a 30-cm n e u t r a l  p l e x i g l a s s  d i f f u s e r .  Two 2000-W 
power s u p p l j e s  < i r e  r e q u i r e d  f o r  o p e r a t i o n  of each  of t h e s e  l i g h t  
cannons. Flie 13-rin l i g h t  cannon is c o n s i d e r a b l y  s m a l l e r ,  h a s  o n l y  one 
Itimp, and r e q u i r e s  o n l y  one power s u p p l y .  

1 S p e c t r a l  Curves 

The s p e c t r a l  i r r a c l i a n r e  of a l l  t h r e e  l i g h t  cannons was measured 
f o r  coinparison of t h e  c a l i b r a t i o n  d a t a ,  p a r t i c u l a r l y  t h e  l i g h t  t r a n s f e r  
curve 's .  The l i g h t  cannon i r r ad i c ince  w a s  compared on t h e  J P L  s p e c t r o -  
r a d i o m e t e r  t o  t h a t  of a 200-W q u a r t z  i o d i n e  s p e c t r a l  i r r a d i a n c e  s t a n d a r d .  
Three  r e f e r e n c e  s t a n d a r d s  of t h e  N a t i o n a l  BureCiu of  S tandardb  were used  
t o  c a l i b r a t e  tl ie s t a n d a r d  i t s e l  f . Ftie s p e c t r a l  c u r v e s ,  which were 
o b t a i n e d  a t  a 100-fL b r i g h t n e s s ,  a r e  shown i n  F i g u r e s  2-5(a)  and (b )  
th rough 2-7. The approximate  c o l o r  t empera tu re  of t h e  s p e c t r a l  
iirctcliancci s t a n d a r d  was 3000 K a n d  ot t h e  l i g h t  c"mnon, 5600 K ,  i.e., 
s i m i l a r  t o  t h a t  of Lhe S u n .  

S p e c t r a l  c u r v e s  of t h r e e  100-fl ,  s t a n d a r d s ,  which were used  f o r  
abso l  u t e  b r i g h t n e s s  ca l - i b r c i t  ion of t h e  l i g h t  cannons ( S e c t i o n  11-B-3), 
were a l s o  measured i n  a s i i n i l a r  way. These r e s u l t s  a r e  documented i n  
F i g u r e s  2-8 t h rough  2-10. 

Some u s e r s  may p r e f e r  numer i ca l  d a t a  f o r  computer a p p l i c a t i o n s  
and ,  f o r  t h i s  pu rpose ,  a l l  s p e c t r a l  c u r v e s  were summarized i n  
Tab l e s  2-1 and 2-2. 



Figure 2-3. J P L  30-cm Light cannon No. 1 

Figure 2-4. JPL  13-cm light cannon 

2-5 



WAVELENGTH, nm 

(a) 

WAVELENGTH, nm 

( b )  

F i g u r e  2-5. S p e c t r a l  c u r v e  of the 30-cm l i g h t  cannon No. 1: 
(a) o l d  lamps u n t i l  February  4. 1977. ( b )  new  
lamps from February  4 ,  1977 

WAVELENGHTH, nm WAVELENGTH, nm 

F i g u r e  2-6 .  S p e c t r a l  c u r v e  of t h e  F i g u r e  2-7. S p e c t r a l  cu rve  of t h e  
30-cm l i g h t  cannon 13-em l i g h t  cannon 
No. 2 



F i g u r e  2-8. S p e c t r a l  c u r v e  of 
t h e  100-fL s t a n d a r d  
No. 152  

WAVELENGTH, nm 

WAVELENGTH, nm 

F i g u r e  2-10. S p e c t r a l  c u r v e  of  
t he  100-fTd s t a n d a r d  
No. 531 

F i g u r e  2-9. S p e c t r a l  c u r v e  of  
t h e  100-fL s t a n d a r d  
N o .  185 



T a b l e  2 -1 .  S p v e t r a l  i r r a d i a n r e  of- JPL l i g h t .  ccinnons 

10--i-m 1 Lie, t J0-an 1 Lgl~ l  
, ,inniin Yo. I Â¥an i io i  to. 1 

30-ciii 1 i gli t 13-CIII U g h t  

( o l J  l i i m p s )  ( m - w  1 . imps J 
r annon  No. 2 cannon  



Tab le  2-1 (contd)  

Wavelength, 
l ln l  

10-cm l i g h t  
cannnn N o .  1 
( o l d  lainps)  

30-cm 1 i ~ h t  
cannun No. 1 
(now 1 amps) 

30-cin l i g h t  
cannon No. ? 

13-dn 1 i a h t  
cannon 



Table 2-1 ( c o n t d )  



T a b l e  2-2. Spectra l  i r rad iance  of  J P L  LOO-IL standards 

7 
S p e c t r a l  i r radidnc-e ,  ii!J/cm" nm 

HavelengLli , 1 00-fl. st i in~i ; i r t l  100-tL s t a n d a r d  100-fL s t a n d a r d  
11m No. 152 No. 185 No. 531 

- - . . . . . . .-- - -- 

200 0.0000 0.0000 0.0000 

205 0.0000 0.0000 0.0000 

? i n  0.0000 0.0001 0 .0000  

21 1) 0.0001 0.0001 0 .no01 

220 0 .  oouo 0.0002 0.0002 

?35 0.0001 0.0000 0 .0000  

230 0.0001 0.0001 0 . 0 0 0 1  

235 0.0001 0.0002 0.0000 

240 0 .0000  0 .  0000 0 .0001  

245 0.0002 0.0000 0 .0001  

2 S O  0 :000 1 0.0000 0.0000 

255 0 .0001  0 .  0000 0 .0001  

760 0.0000 0 . 0 0 0 1  0.0001 

;! 6 5 0.0001 0 .0000 0.0000 

270 0.0000 0 .  0000 0.0000 

275  0.0000 !I. 0000 0.0000 

280 0.0000 0.000L 0.0000 

285 0.0000 0.0000 0.0000 

290 0.0001 0 .0001  0.0000 

295 0 .  0000 0 .  0000 0.0001 

100 0.0000 0 . 0000 0 .  0000 

305 0.0000 0 .0000 0.  0000 

110 0 .  oono  o.oooo o.ooou 
315 0 .  0000 13. 0000 0 .0001  

320 0.0000 0 .0001  0.0000 

335 0 .  0000 0 .  0001 0 .0000 

'330 0.0001 0.0000 0.0000 

335 0.0000 0 .  0000 0 .0000 

3'40 0.0000 0.0000 0 .0000  

345 0.0000 0.0000 0.0001 

'350 0.0000 0.0000 0.0000 

355 0.0000 0.0000 0.0000 

360 0.0000 0.0000 0.0000 

365 0.0001 0.0001 0.0000 

170 0 .  0003 0 .0003  0.0002 

375 0.0008 0 . 0 m 0  0.0006 

180 0.0021 0 .0025  0.0016 

385 0.0045 0 .0055  0.0013 
~ -.-- - - - -. -. - - - -- 



Tab le  2-2 ( con td )  

1 0 0 - 1  I. s t a n d a r d  I O U - t  L s t a n d . i r d  100-1 I. sLaiid:!rd 
N i l .  15.7 Nxi .  IS5 No. 511 



618-802 

Tab le  2-2 {contd)  

S p e c t r a l  i r r a d i a n c e ,  i-iw/cni2 mn 

Wave1 ength ,  
nrn 

1 0 0 - f L  s t a n d a r d  
No. 152  

1 0 0 - f L  s t a n d a r d  
N o .  1 8 5  



2 .  F i e l d  F l a t n e s s  

The f i e l d  f 1 a t n e s s  ( b r i g h t n e s s  d i s t r i b u t i o n )  < i c ro s s  t h e  p l e x i g l a s s  
d i f f u b e r  o f  t h e  J P L  L igh t  cdnnons was measured u s i n g  t h e  Gamma model 700 
photometer  a t  12.5-mm i n t e r v a l s  i n  a  c r o s s  p a t t e r n ,  i n  b o t h  t h e  ho r i zon -  
t a l  and t h e  v e r t i c a l  d i r e c t i o n .  A l l  t h r e e  l i g h t  cannons were  measured 
a t  t h r e e  d i f f e r e n t  l i g h t  l e v e l s .  The r e s u l t s  a r e  shown i n  F i g u r e s  
2 - l l ( a ) ,  ( b ) ,  and ( c j ;  2 -12 (a ) ,  ( b ) ,  and ( c ) ;  and 2 -15 (a ) ,  ( b ) ,  and ( c ) .  
The c u r v e s  may seem t o  be  r a t h e r  poo r ,  b u t  t h e i r  e f f e c t  upon r a d i o m e t r i c  
c a l i b r a t i o n s ,  e s p e c i a l l y  a s  i t  p e r t a i n s  t o  s h a d i n g ,  i s  i n s i g n i f i c a n t  f o r  
r e a s o n s  d e s c r i b e d  below. 

The 30-cm l i g h t ,  cannon No. 1 and t h e  13-cm l i g h t  cannon ( F i g u r e s  
2-11 and 2-13) were a lways  c a r e f u l l y  a l i g n e d  w i t h i n  1 5  mm w i t h  t h e  bore-  
s i g h t  a x i s  a t  a  d i s t a n c e  of  app rox ima te ly  30 mm from t h e  ISS camera.  
I n  t h i s  p o s i t i o n ,  t h e  d i f f u s e r  was o u t  of- f o c u s ,  which meant t h a t  e ach  
l i g h t - s o u r c e  p o i n t  was b l u r r e d  a c r o s s  a l a r g e  p a r t  of t h e  v i d i c o n  f a c e -  
p l a t e .  The n e t  r e s u l t  t h e n ,  was a n  e x t r e m e l y  f l a t  f i e l d  i l l u m i n a t i o n  
i n  t h e  image p l a n e .  Also ,  because  of t h e  secondary  m i r r o r  c e n t e r  
obscu raL ion ,  t h e  nar row-angle  camera can  s e e  o n l y  a n  a n n u l u s  of d i a m e t e r  
between 89 and 1 8 1  mm, cis i n d i c a t e d  i n  t h e  upper  p o r t i o n  of F i g u r e  2-11. 

The 30-rm l i g l i t  cannon No. 2  ( F i g u r e  2-12) p r e s e n t s  a  somewhat 
d i f f e r e n t  s t o r y .  In t h i s  i n s t a n c e ,  b o t h  t he  t e s t e d  nar row-angle  camera 
and t h e  l i g h t  cannon were a lways  a l i g n e d  w i t h  t h e  o p t i c a l  a x i s  of t h e  
F a i r c h i l d  r o l l i m a t o r  ( s e e  S e c t i o n  I T - C ) ,  which means t h a t  t h e  l i g h t  
cannon s h a d i n g  was more o r  l e s s  i n  f o c u s  and c o l l i m a t e d .  However, t h e  
v i d i c o n  cou ld  s e e  o n l y  a n  a r e a  of app rox ima te ly  35 x 35 mni i n  t h e  t a r g e t  
p l a n e  ( i n c l u d i n g  t h e  camera o b s c u r a t i o n ) ,  where t h e  i l l u m i n a t i o n  i s  v e r y  
f l a t .  Moreover,  f i e l d  f l a t n e s s  i s  noL s o  c r i t i c a l  f o r  imaging a s  i t  i s  
f o r  radiomeLri  c  c a l  i h t - a t i o n s .  

3 .  B r i g h t n e s s  Cal i b r a t i o n  

The s u c c e s s  of r a d i o m e t r i c  c a l i b r a t i o n s  i s  dependen t ,  t o  a  l a r g e  
d e g r e e ,  upon Lhe r e l i a b i l i t y  of t h e  l i g h t  cannons t o  produce  c o n s i s t e n t  
i l l u m i n a t i o n  l e v e l s  ove r  a n  ex tended  p e r i o d  of t i m e .  T h e r e f o r e ,  t h e  
l i g h t  cannons were equipped  w i t h  a  v a r i a b l e  i r i s  mechanism and a Veeder 
r o o t  c o u n t e r ,  which a l l o w  r e g u l a t i o n  of  t h e  i r i s  d i a m e t e r  ( s e e  Fig-  
u r e s  2-14 a n d  2-15. To d e t e r m i n e  t h e  Veecler r o o t - b r i g h t n e s s  r e l a t i o n -  
s h i p ,  a c a l i b r a t i o n  v a r i a b l e  t r a n s m i t t a n c e  s t a n d a r d  of t h e  c r o s s e d  
p o l a r i z e r  t y p e  was used  i n  combina t i on  w i t h  t h e  Gamma 700 pho tome te r ,  
a s  shown s c h e m a t i c a l l y  i n  F i g u r e  2-14. Based on t h e  method of c o n s t a n t  
o u t p u t ,  t h e  r e s u l t i n g  Veeder-root  coun t  v e r s u s  i n v e r s e - f i l t e r  t r a n s -  
mi t tanc i?  was p l o t t e d  on  a l og - log  p a p e r ,  fo rming  t h e  l i g h t  cannon 
r e l a t i v e  b r i g h t n e s s  c u r v e .  

The Veeder r o o t  c o u n t s  a r e  l i n e a r l y  p r o p o r t i o n a l  t o  t h e  i r i s  
d i a m e t e r  and, hence ,  t o  t h e  s q u a r e  r o o t  of t h e  l i g h t  g e n e r a t e d  i n  t h e  
second  c o n i c a l  i n t e g r a t i n g  c a v i t y ;  however, t h e  z e r o  p o i n t  on t h e  d i a l  
u s u a l l y  does  n o t  rvrresponcl  t o  a  f u l l y  c l o s e d  i r i s .  T h i s  a b s o l u t e  
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Figure 2-11. Field flatness of the 30-cm light cannon No. 1: 
a )  100 f L ,  ( b )  500 fL, ( c )  1000 f L  
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F i g u r e  2-12. F i e l d  C l d ~ n e s s  o t  the 30-cm light cannon No. 2 :  
(a) 100 CL, (13) 500 fL, (c) 1000 FL 
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F i g u r e  2-13. F i e l d  flatness of t h e  13-em l i g h t  cannon: 
(a)  100 fL, (b)  500 f L ,  (e)  1000 Â£ 



TRANSMITTANCE 
STANDARD 

F i g u r e  2-14. R e l a t i v e  b r i g h t n e s s  c a l i b r a t i o n  o f  
a  J P L  l i g h t  cannon 

-T--"--- 7 

V/R TRANSMISSION 

1.0 = 1.000 122,9 = 11.11 
5.2 = 1.111 134.0 = 12.50 
8.4 - 1.2% 148.2 - 14.29 

12.0 - 1.429 164.4 - 16.67 
16.1 = 1.667 185.9 = 20.00 
21.3 = 2.000 216.7 = 25.00 
29.7 = 2.500 261.8 = 33.33 
41.8 - 3.333 345.4 = 50.00 
62.2 - 5.000 471.0 = 81.74 
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F i g u r e  2-15. A t y p i c a l  1 ight cannon b r i g h t n c s s -  
c a l i b r a t i o n  curve 



s c a l i n g  had t o  b e  de termined by comparing t h e  l i g h t  cannon o u t p u t  w i t h  
a known 100-fL l i g h t  s t a n d a r d  s o u r c e  by us ing  a  Gamma s c i e n t i f i c  t e l e -  
photometer ,  model 2000. A t y p i c a l  l ight -cannon c a l i b r a t i o n  c u r v e ,  show- 
i n g  b o t h  t h e  r e l a t i v e  and a b s o l u t e  s c a l e s ,  i s  p r e s e n t e d  i n  F i g u r e  2-15. 

Although t h e  r e l a t i v e  b r i g h t n e s s  cu rve  remained f a i r l y  c o n s t a n t  
throughout  t h e  ISS c a l i b r a t i o n s ,  i t  was checked r e g u l a r l y  every  t h i r d  
month. However, d e t e r m i n a t i o n  of t h e  a b s o l u t e  b r i g h t n e s s  s c a l e  
r e q u i r e d  c o n s t a n t  a t t e n t i o n  because  of t h e  c o n s i d e r a b l e  d r i f t  i n  t h e  
b r i g h t n e s s  Veeder-root-count  r e l a t i o n s h i p .  

Theref o r e ,  t h e  a b s o l u t e  b r i g h t n e s s  s c a l e  was r e e s t a b l i s h e d  by 
u s i n g  t h e  t e l epho tomete r  i n  connec t ion  w i t h  t h e  100-fL l i g h t  s t a n d a r d  
a t  t h e  beginning  and end of each c a l i b r a t i o n ,  and by app ly ing  l i n e a r  
i n t e r p o l a t i o n  between t h e s e  two r e a d i n g s .  I n  t h e  c a s e  of t h e  wide- 
a n g l e  cameras,  t h e  c e n t e r  p o i n t  of t h e  p l e x i g l a s s  d i f f u s e r  was used f o r  
t h i s  purpose;  b u t ,  c o n s i d e r i n g  t h e  c e n t e r  o b s c u r a t i o n  of t h e  ISS narrow- 
a n g l e  cameras ,  two p o i n t s  l y i n g  a t  a  50-mm d i s t a n c e  from t h e  a x i s  w e r e  
measured. The p r o j e c t e d  f i e l d  of view of t h e  t e l epho tomete r  on t h e  
d i f f u s e r  was between 7 and 11 mm i n  d i a m e t e r ,  depending upon i t s  
d i s t a n c e  from t h e  l i g h t  cannon. 

The p r e c a u t i o n s  and t echn iques  d e s c r i b e d  above have  al lowed a  con- 
s i s t e n t  s e r i e s  of r a d i o m e t r i c  measurements over  t h e  e n t i r e  ISS c a l i b r a -  
t i o n  phase .  The l i m i t i n g  accuracy  of t h e  Tight  cannon o u t p u t  was a 
f u n c t i o n  of random v a r i a t i o n s  of t h e  100-fL l i g h t  s t a n d a r d s  (up t o  Â±2% 
and a l s o  by t h e  b a c k l a s h  of t h e  v a r i a b l e  i r i s  mechanism, which r e s u l t s  
i n  an approximate k0.5-Veeder-root-count accu racy ,  o r  i n  terms of 
b r i g h t n e s s ,  ?1 .6% a t  100 fL t o  k0.42 a t  5000 fL .  

C .  COLLTMATORS 

S i x  d i f f e r e n t  t ypes  of c o l l i m a t o r s  were  used f o r  ISS imaging c a l i -  
b r a t i o n s ,  such a s  geomet r i c  d i s t o r t i o n ,  beam bend ing ,  modula t ion  t r a n s -  
f e r  f u n c t i o n ,  p o i n t  r e sponse  f u n c t i o n ,  c o l o r  r e c o n s t r u c t i o n ,  and t h e  
s p e c i a l  g ray - sca l e  t a r g e t  t e s t .  Three  t y p e s  of c o l l i m a t o r s  were  
des igned  and b u i l t  f o r  t h e  narrow-angle cameras and t h r e e  f o r  t h e  wide- 
a n g l e  cameras. 

The narrow-angle-camera bench c a l i b r a t i o n s  u t i l i z e d  t h e  t r a d i -  
t i o n a l  F a i r c h i l d  c o l l i m a t o r  ( F i g u r e  2-16), which i s  l o c a t e d  i n  t h e  JPL 
o p t i c a l  t u n n e l ,  where i t s  a x i s  i s  a l i g n e d  w i t h  t h e  a x i s  of t h e  Askania 
o p t i c a l  bench ( s e e  S e c t i o n  11-E) . However, f o r  t h e  Voyager p r o j e c t ,  t h e  
F a i r c h i l  d  c o l l i m a t o r  was thoroughly  c leaned and comple te ly  r e b u i l t ,  
t he reby  c o n s i d e r a b l y  i n c r e a s i n g  i t s  o p t i c a l  q u a l i t y :  t r a n s m i s s i o n  was 
i n c r e a s e d  from 3 t o  14%,  shad ing  became n e g l i g i b l e ,  and o p t i c a l  d i s t o r -  
t i o n  was reduced t o  p r a c t i c a l l y  ze ro .  The a b s o l u t e  s p e c t r a l  t r ansmi t -  
t a n c e  of t h e  F a i r c h i l d  c o l l i m a t o r ,  which was used f o r  d a t a  a n a l y s i s  of 
c e r t a i n  imaging frames ( p a r t i c u l a r l y  f o r  c o l o r  r e c o n s t r u c t i o n ) ,  is 
shown i n  F i g u r e  2-17 and l i s t e d  i n  Tab le  2-3. 
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Table 2-3. Absolute spectral transmittance of the Fairchild 
collimator 

W a v e l e n g t h ,  S p e c t r a l  W a v e l e n g t h ,  S p e c t r a l  
rim T r a n s m i  t t a n c e ,  7 n m  T r a n s m i t  t a n c c ,  7,. 



The F a i r c h i l d  c o l l i m a t o r  c o n s i s  is  of f o u r  b a s i c  e l emen t s  , mounted 
i n  a  f i b e r g l a s s  t u b e  wi-th b l a c k  v e l v e t  l i n i n g :  

( 1 )  Ross t r i p l e t  l e n s  c o r r e c t o r .  

( 2 )  Beam s p l i t t e r .  

(3)  Pr imary  m i r r o r  wiLh a  10  -668-m s p h e r i c a l  r a d i u s  of c u r v a t u r e .  

(4 )  Front - f  i e l d  c o r r e c t o r  p l a t e .  

A s p e c i a l  h o l d e r  was c o n s t r u c t e d  t o  h o l d  t h e  t a r g e t s  i n  t h e  f o c a l  
p l a n e  of t h e  c o l l i m a t o r  t o  p r e v e n t  f o c u s i n g  i n a c c u r a c i e s .  The t a r g e t s  
were  i l l u m i n a t e d  w i t h  t h e  30-rm l i g h t  cannon No. 2 ( s e e  S e c t i o n  11-B). 
Dur ing  c a l i b r a t i o n s ,  a s p e c i a l  b l a c k  m e t a l  t u b e  was a lways  p l a c e d  
between t h e  c o l l i m a t o r  and t h e  t e s t e d  nar row-angle  camera t o  p r e v e n t  
any o u t s i d e  s t r a y  i l l u m i n a t i o n  ( s e e  S e c t i o n  1 1 - E ) .  The F a i r c h i l d  c o l -  
l i m a t o r  was a l s o  u t i l i z e d  f o r  v a r i o u s  e n g i n e e r i n g  p u r p o s e s ,  a s  w e l l  a s  
tor t h e  o p t o / m e c h a n i ~ d l  a l i gnmen t  measurements f o r  b o t h  t h e  narrow- and 
t h e  wide-angle  cameras ( s e e  S e c t i o n  I V - 5 3 ) .  However, l i k e  a l l  c o l l i -  
m a t o r s ,  i t  i s  n o t  s u i t a b l e  For f  l a t - f i e l d  l i g h t  t r a n s f e r  c a l i b r a t i o n s  
because  of t h e  focused  f i p l d - f l a t n e s s  shad ing  of t h e  l i g h t  cannon and 
o t h e r  i n a c c u r a c i e s  of the e n t i r e  o p t i c a l  sy s t em.  

Two Fecker  c o l l i m a t o r s  we re  b u i l t 2  a c c o r d i n g  t o  JPL d e s i g n  and 
s p e c i f i c a t i o n s .  However, o n l y  one  c o l l i m a t o r ,  Fecke r  "A", was used  f o r  
wide-angle-camera imaging c a l i b r a t i o n .  Tn F i g u r e  2-18, i t  i s  shown set  
up on t h e  a u x i l i a r y  G a e r t n e r  o p t i c a l  bench ,  t o g e t h e r  w i t h  i t s  l i g h t  
s o u r c e  (a  p a r a b o l i c  5-cm xenon-Varian l i g h t  cannon) and a n  ISS wide- 
a n g l e  camera.  A s  i n  t h e  c a s e  of t h e  F a i r c h i l d  c o l l i m a t o r ,  o n l y  one 
t a r g e t  a t  a  t ime  could  b e  i n s e r t e d  i n t o  t h e  t a r g e t  h o l d e r .  The o t h e r  
c o l l i m a t o r ,  Fecke r  "B", was k e p i  as  a s p a r e  and f i n a l l y  was sh ipped  t o  
Cape C a n a v e r a l ,  F l o r i d a ,  f o r  e v e n t u a l  emergency wide-angle-camera 
e n g i n e e r i n g  t e s  Ling. 

The nar row-angle  and t h e  wide-angle  o p t i c s  c o l l i i n a c o r s  were 
de s igned  and b u i l t  f o r  thermal/vacuurn c a l i b r a t i o n s  of  t h e  ISS cameras .  
They were b o t h  mounted on t h e  same b a s e .  F i g u r e  2-19 shows t h e i r  
a c t u a l  c a l i b r a t i o n  s e t u p  i n  f r o n t  of t h e  thermal/vacuum chamber window. 
The l i g h t  s o u r c e s  were two q u a r t o - i o d i d e  5 - c ~  lamps ,  and on ly  one t a r -  
g e t  a t  a t ime  could  be i n s e r t e d  i n  t h e  t a r g e t  h o l d e r  between t h e  lamp 
and t h e  o p t i c s .  The nar row-angle  o p t i c s  i s  a  s p a r e  MVM 1 9 7 3  t e l e s c o p e .  
and t h e  wide-angle o p t i c q  c o l l i m a t o r  i s  a  s p a r e  ISS wide-angle l e n s .  
With this a r r angemen t ,  p r a c t i c a l l y  i d e n t i c a l  op to /mechan ica l  c o n d i t i o n s  
were e s t a b l i s h e d  11eLwepn t h e  c o l l i m a t o r s  and t h e  t e s t e d  cameras ,  t he r eby  
r e s u l t i n g  i n  a 1  : 1 s c a l e  f a c t o r .  

B y  t h e  Con~r.aves-Goerz O p t i c a l  Company, P i t t s b u r g h ,  P e n n s y l v a n i a ,  



F i g u r e  2-18. Ferker "A" c o l l i m a t o r  on o p t i c a l  bench w i t h  l i g h t  
cannon and ISS wide-angle camera 

Figure 2-19. I S S  narrow-angle optics and wide-angle 
optic's r o l  I iinators 



F i n a l l y ,  two s e t s  of co l  1 i m a t o r s  (SAF U n i t  l and SAF U n i t  2 )  we re  
provided  f o r  SAF and ETR s y s t e m - c a l i b r a t i o n  v e r i f i c a t i o n s  of t h e  ISS 
cameras mounted on t h e  s p a c e c r a f t  s c a n  p l a t f o r m .  Each u n i t  ( F i g u r e  
2-20) c o n s i s t s  of a  C e l e s t r o n  t e l e s c o p e  (nar row-angle  cameras)  and a  
S o l i g o r  l e n s  (wide-angle  cameras)  mounted, l i k e  t h e  tlhermal/vacuum 
c o l l i m a t o r s  d e s c r i b e d  above ,  on t h e  same b a s e .  Two modi f ied  5-cn 
p a r a b o l i c  xenon-Varian lamps were  used  f o r  l i g h t  s o u r c e s ,  b u t  c o n t r a r y  
t o  t h e  o t h e r  c o l l i m a t o r s ,  t h e  c o n s t r u c t i o n  of t h e  t a r g e t  h o l d e r  i s  d i f -  
f e r e n t .  A t a r g e t  wheel was manufac tured  and mounted i n  t h e  f o c a l  p l a n e  
of each  C e l e s t r o n  and S o l i g o r  l e n s ,  t he r eby  e n a b l i n g  a n  au toma t i c  s e l e c -  
Lion of any d e s i r e d  t a r g e t .  

F o c a l  l e n g t h s  of a l l  c o l l i m a t o r s  were  measured by u s i n g  t h e  geo- 
m e t r i c  g r i d  t a r g e t  ( s e e  S e c t i o n  11-D) and t h e  same measurement method 
a s  d e s c r i b e d  i n  S e c t i o n  IV-B-1. The r e s u l t s  o b t a i n e d  a r c  summarized i n  
Tab l e  2-4, t o g e t h e r  w i t h  o t h e r  most p e r t i n e n t  t e c h n i c a l  pa r ame te r s  of 
t h e  c o l l i m a t o r s .  Xo s i g n i f i c a n t  o p t i c a l  d i s t o r t i o n  was d i s c o v e r e d  f o r  
any of t h e  c o l l i m a t o r s ,  b u t ,  n e v e r t h e l e s s ,  they  a r e  n o t  recommended f o r  
any a c c u r a t e  r a d i o m e t r i c  c a l i b r a t i o n s  ( such  a s  f l a t - f i e l d  l i g h t  t r a n s -  
f e r )  because  of t h e  focused  s h a d i n g  of t h e  1 i g h t  cannons used f o r  l i g h t  
s o u r c e s  and because  of some o t h e r  even tua l  o p t i c a l  anomal ies  of a  
p a r t i c u l a r  sys tem a s  we l l  

Figure. 2-20.  SAF c o l l i m a t o r s  ( C e l e s t r o n  and S o l i g o r )  



Table 2-4. Techn ica l  pa rame te r s  of Voyager-TSS c o l l i m a t o r s  

ISS ramera  
f o c a l  l c n g t l i ,  Col t  irnator f o c a l  ~ r . 1 1  e f a c t o r "  

Col l ima Lor Cat i h r a r i o n  mm lc'n",I~, nini ( ~ i i r g u ~ / i r n i i g e )  

Pecker  "B" 

Narrow-dllgle 
o p t i c s  

Wide-angle 
o p t i c s  

SAF Uni t  1 ,  
C:eIestron 3li 

SAF Uni t  1, 
Sol I g o r  3A 

SAT UniL 2 ,  
C e l e s t r o n  1B 

SAP U n i t  2 ,  
C e l e s t r o n  1A 

Bench 

Bench 

Eencli 

Thermal/vacuum 

Theri~ial/vacuum 

SAF and ETR 

SAF ~ n d  ETR 

SAT and ETR 

SAF and H T R  

 or a c t u a l  ISS daLa r e d u c t i o n ,  t h e  t r u e  s c a l e  f a c t o r  based on. Lruu c a i ~ : r r ; ~  f o c a l  l e n g t h  
must b e  u sed  ( s e e  S e c t i o n  IV-E-1). 



D. TARGETS 

The f o l l o w i n g  t a r g e t s  were used f o r  v a r i o u s  Voyager-ISS 
p h o t o s c i e n c e  t e s t s  and c a l i b r a t i o n s  i n  c o n n e c t i o n  w i t h  t h e  a p p l i c a b l e  
c o l l i m a t o r s ,  which were d e s c r i b e d  i n  S c c t i c n  I T - C :  

Geometr ic  g r i d  t a r g e t  ( F i g u r e  2-21) - geome t r i c  d i s t o r t i o n  
c a i i b r a t i n n .  

MTF t a r g e t  ( F i g u r e  2-22) - modu la t i on  t r a n s f e r  f u n c t i o n  
c a l i b r a t i o n .  

P i n h o l e  t a r g e t  ( F i g u r e  2-23) - p o i n t  s p r e a d  f u n c t i o n  t e s t  
( s t a r  s i m u l a t i o n )  . 

B u l l ' s  e y e  t a r g e t  ( F i g u r e  2-24) - beam bending  c a l i b r a t i o n .  

Color  r e c o n s t r u c t i o n  t a r g e t  ( F i g u r e  2-25) - c o l o r  recon-  
s t r u c t i o n  t e s t .  

C a l i b r a t i o n  p l aque  ( F i g u r e  2-26) - i n - f l i g h t  c a l i b r a t i o n  
t e s t .  

geome t r i c  g r i d  t a r g e t  was manufac tured  a c c o r d i n g  t o  J P L  
s p e c i f i c a t i o n s .  CoordinaLes of a l l  g r i d  i n t e r s e c t i o n s  were measured by 
t h e  manufac tu re r3  and t h e n  v e r i f i e d  a t  J P L  on the fibore measur ing  
machine i n  [tie same way a s  t h e  v i d i c o n  r e s e a u  marks ( S e c t i o n  111-D-2). 
The r e s u l t i n g  p o s i t i o n a l  a ccu racy  is app rox ima te ly  ^l pm. 

The i n t e r s e c t i o n  p o i n t s  were a l s o  measured w i t h  a  Wild T3 theodo- 
l i t e  t h rough  a l l  t o  d e t e r m i n e  t h e i r  e q u i v a l e n t  f o c a l  l e n g t h  
and even tua l  o p t i c a l  d i s t o r t i o n  (none of any p r a c t i c a l  s i g n i f i c a n c e  was 
d i s c o v e r e d ) .  I L  would s e r v e  l i t t l e  pu rpose  t o  l i s t  a l l  t h e  hundreds  of 
g r i d  c o o r d i n a t e s  i n  this r e p o r t ,  bu t  t h e y  were g i v e n  t o  t h e  JPL Image 
P r o c e s s i n g  Labora to ry  (IL'L), where t h e y  were  used  f o r  geome t r i c  d i s t o r -  
t i o n  d a t a  r e d u c t i o n  ( d i s c u s s e d  i n  S e c t i o n  IV-B-2). 

The modu la t i on  t r a n s f e r  f u n c t i o n  (MTF) t a r g e t  i s  based on a com- 
p l e t e l y  new d e q i g n .  For a l l  p r e v i o u s  s p a c e  f l i g h t  p r o j e c t s ,  t h e  MTF 
t a r g e t  a lways  c o n s i s t e d  of a  number of d i f f e r e n t  f r equency  f i e l d s ,  b u t  
t h e  new MTF method deve loped  by I P L  ( S e c t i o n  IV-C-1) c a l l s  f o r  equa l -  
w i d t h  b l a c k  and w h i t e  b a r s  s p r e a d  a c r o s s  t h e  e n t i r e  camera f i e l d  of 
view.  The  t a r g e t  seems t o  be v e r y  s i m p l e ;  however, t h e  edges  of  t h e  
b a r s  must be  s t r a i g h t  and s h a r p  w i t h i n  1 1  j m  t o  g u a r a n t e e  r e l i a b l e  
r e s u l t s .  During I S S  c a l i b r a t i o n s ,  t h e  MTF t a r g e t  was used  i n  b o t h  i t s  
h o r i z o n t a l  and v e r t i c a l  p o s i t i o n s .  

The p i n h o l e  t a r g e t ,  de s igned  and b u i l t  <it JPL, was used f o r  t h e  
p o i n t  s p r e a d  f u n c t i o n  t e s t  ( s t a r  s i m u l a t i o n ) ,  a s  d e s c r i b e d  i n  
S e c t i o n  IV -C-3 .  

3 
E l  ec t romask  Co. , Woodland Hi1 l s ,  C a l i f o r n i a .  
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Figure 2-21. ISS geometric grid F igure 2-22. ISS modulation 
target transfer-function 

target 
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AREA 5 
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Figure 2-23. ISS pinhole target 

DIAMETER OF THE CENTER HO 
APPROXIMATELY 25% OF THE SUBSTRATE 

Figure 2-24. ISS bull's-eye target 
(either a full-moon or 
half-moon hole) 



Figure 2-25. ISS color reconstruction target 

Figure 2-26. Calibration plaque 
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The bull's eye target is very simple and self-explanatory. This 
target was used for the beam bending test (Section IV-B-4), both in its 
full-moon and half-moon version. 

The color reconstruction target, designed and computer-generated 
by IPL, was calibrated to develop a method of color simulation from 
black and white ISS photographs (see Section IV-A-6). 

The calibration plaque was used for in-flight calibrations in the 
JPL optical tunnel (see Section TV-A-8), and it will also be used for 
extensive in-flight calibrations during the mission. It is a 
60- x 60-em target with an aluminum honeycomb surface, which was pre- 
pared by a grit blast method [150 grit aluminum oxide at 60 psi] to 
obtain a uniform field flatness and over 90% spectral reflectance. 
Inasmuch as the calibration plaques were in short supply, some of the 
tests utilized only a 30- x 30-cm segment of the plaque, called the 
witness plate. 

E. CALIBRATION ENVIRONMENT 

The ISS subsystem-level calibrations, which utilized the support 
equipment described in Sections 11-A through 11-D, were performed at 
two locat ions : 

(I ) JPL optical tunnel (bench calibrations) . 

(2) J P L  thermal-vacuum chamber (environmental calibrations). 

The JPL optical tunnel employs an Askania optical bench, which is 
aligned with the Fairchild collimator. Figure 2-27 shows a view of the 
optical tunnel area. A TV camera with its electronics assembly is 
mounted on the optical bench and pointed along the optical axis of the 
Fairchild collimator. The black metal tube, designed to eliminate 
outside stray illumination and veiling glare, is visible between the 
camera and the collimator front-field corrector plate. The 30-cm light 
cannon No. 2, which was used for illumination of the collimator targets, 
is hidden behind the far end (foealltarget plane) of the collimator. 
This picture was staged for documentation purposes only, at a time when 
the collimator fiberglass tube was removed for cleaning. 

Figure 2-28 shows a narrow-angle ISS camera and a wide-angle ISS 
camera set up on the Askania optical bench in the optical. tunnel. The 
electronics assembly is shown in the foreground. During bench calibra- 
tions, this assembly and the cameras were connected to the BCE 
(Section 11-A); and then the cameras were aligned either with their 
respective light cannon (30-cm light cannon No. 1 or 13-cm light cannon) 
for various radiometric calibrations, or with the applicable collimator 
(Fairchild or Fee-ker) for calibrations requiring images of targets. 



F i g u r e  2--27.  Gene ra l  v iew of t h e  JPL o p t i c a l  tunnel t e s t  
and c a l i b r a t i o n  a r e a  

F i g u r e  2-28. I S S  camera c a l i b r a t i o n  s e t u p  on the 
Aslcania o p t i c a l  bench 



The temperature in the tunnel was approximately 23OC at the 
beginning of each bench calibration, but it rose 3 to 5' during the test 
as a result of the heat generated by the light cannon. The humidity was 
kept in a confortable narrow range between 60 and 66%. 

The thermal-vacuum chamber, which is located in the JPL Environ- 
mental Laboratory, is shown in Figures 2-29 through 2-32. Figure 2-29 
shows a general view of the entire thermal-vacuum chamber area. The 
chamber itself stands on the right side with the collimators mounted in 
front of the chamber window. The BCE and other calibration support 
equipment is located around the chamber, and the chamber control console 
can be seen on the left side of the picture. Figure 2-30 presents a 
detailed view of the thermal-vacuum chamber in its sealed position, 
ready for calibrations. 

The ISS cameras were mounted inside the chamber as indicated in 
Figures 2-31 and 2-32, and the corresponding collimators were set up on 
a special rack in front of the chamber window and then carefully aligned 
with the boresight axis of each camera (Figure 2-31). When the 30-cm 
light cannon No. 1 was used for radiometric calibrations, the portable 
stimulus rack had to be removed, and the light cannon, which was 
mounted on an extended tripod, was set up in front of the chamber 
window. During calibrations, a black velvet cloth was always wrapped 
around the window to eliminate any eventual outside glare. 

The absolute spectral transmittance of the chamber window4 is 
documented in Figure 2-33 and Table 2-5. Without this information, 
comparison between the bench and thermal/vacuum results, particularly 
the flat-field light transfer curves, would be very difficult. A 
portable spectroradiometer had to be used because it was not possible 
to dismount the chamber window and ship it to the optical tunnel, where 
the J P L  spectroradiometer is located. Unfortunately, this portable 
instrument could produce reliable readings from only 390 nm (380 and 
385 nm are unreliable with large sigmas), and the ultraviolet ranges 
had to be determined by different means (see the dashed curve in 
Figure 2-33). 

A mere extrapolation would be too inaccurate for this purpose; 
therefore, the ultraviolet extension was based on comparison with the 
spectral transmission curves of the Viking chamber window (Figure 2-35 
in Reference 2-3) and with those of glass lR81-E, which has a very 
si-milar coating. The resulting curve should thus be very close to the 
real. Voyager chamber-window conditions, and it can be used for decali- 
brations with a great degree of confidence. 

4~easured by Gamma Scientific, Inc. of San Diego, California. 
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F i g u r e  2-29. G e n e r a l  v i e w  of  t h e  e n t i r e  J'PL 
thermal-vacuum chamber a r e a  

F i g u r e  2-30. A d e t a i l e d  view of the JPL 
thermal-vacuum chamber 



F i g u r e  2-31. JPL thermal-vacuum chamber i n  i t s  
open p o s i t i o n  

F i g u r e  2-32. I S S  cameras mounted i n s i d e  t h e  JPL  
thermal-vacuum chamber 



F i g u r e  2-33. 

WAVELENGTH, nm 

Abso lu t e  s p e c t r a l  t r a n s m i s s i o n  
of the  JPL thermal-vacuum 
chamber window 



Table 2-5. Absolute s p e c t r a l  t r ansmi t t ance  of t h e  JPL 
thermal-vacuum chamber window 

Wave1 ength  , Transmiss ion ,  
nm 7 

- 

Wave! englh ,  'Transmission,  Wavelength, Traiismissioii ,  
nm 7. nm X 



T a b l e  2-5 ( c o n t )  

I n  a d d i t i o n  t o  the  bench rind e n v i r o n m e n t a l  c -aLibra t  i o n q ,  a few 
c a l i b r a t i o n  v e r i f i c a t i o n  t es t s  were per formed  i n  '-SAT and a t  t h e  FTR. 
I n  t h e s e  t es t s ,  t h e  ISS ccimeras were mounted i n  t h e i r  f i n a l  p o s i  L i o n  on 
t h e  s p a c e c r a f t  scan-p lc i t fo r in ,  and t l ie  r e g u l a r  ISS s u p p o r t  c a l i b r a t i o n  
equ ipment  was supplemented  by  t h e  complex q p a r e c r a f t  supper L <ind c o n t r o l  
equipment . 
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SECTION 111 

COMPONENT CALIBRATIONS 

The Voyager ISS c o n s i s t s  o f  a  n a r r o w - a n g l e  and a  wide-ang le  TV 
camera ,  e a c h  c o m p r i s i n g  t h e  f o l l o w i n g  f o u r  b a s i c  p a r t s :  

( a )  The o p t i c s .  

( b )  The f i l t e r  w h e e l / s h u t t e r  a s s e m b l y .  

( c )  The camera head h o u s i n g  t h e  v i d i c o n .  

( d )  The e l e c t r o n i c s  assembly  (power s u p p l y  and s u p p o r t  
e l e c t r o n i c s ) .  

F i g u r e  3-1(a)  shows t h e  ISS cameras  f u l l y  assembled  w i t h  t h e i r  
e l e c t r o n i c s  a s s e m b l i e s ,  and ( b )  g i v e s  a s e p a r a t e  v iew of t h e  s h u t t e r ,  
f i l t e r  w h e e l ,  and o p t i c s  ( the  r e c t a n g u l a r  r a i l i n g  on t o p  of t h e  narrow- 
a n g l e  t e l e s c o p e  was f o r  h a n d l i n g  p u r p o s e s  o n l y ) .  The o p t i c s  o f  e a c h  
camera i s  e q u i p p e d  w i t h  a  s u n s h a d e ,  which i s  a t t a c h e d  t o  t h e  main 
t e l e s c o p e  body by means of a p l a s L i c  i s o l a t i o n  r i n g .  It may b e  of 
i n t e r e s t  t o  m e n t i o n  t h a t  t h e  ISS nar row-angle  cameras  w e r e  b u i l t  
a c c o r d i n g  Lo a m o d i f i e d  d e s i g n  of  t h e  o r i g i n a l  MVM 1973  cameras  
( R e f e r e n c e  3-1) .  

A u n i q u e  " f i r s t "  i n  s p a c e  pho tography  was a c h i e v e d  by i n s t a l l i n g  
t h e  i n - f l i g h t  c a l i b r a t i o n  lamps i n  t h e  ISS cameras  ( t h e i r  c a p a b i l i t i e s  
and a p p l i c a t i o n  a r e  d e s c r i b e d  i n  d e t a i l  i n  S e c t i o n  IV-A-5 ) .  T h e r e  a r e  
e i g h t  i n - f l i g h t  c a l i b r a t i o n  lamps f o r  e a c h  nar row-angle  camera mounted 
on t h e  f r o n t  c i r c u m f e r e n c e  o f  t h e  s u n s h a d e  [ F i g u r e  3 - l ( a ) ] ,  b u t  t h e  
wide-ang le  cameras  r e q u i r e d  o n l y  one s u c h  lamp, which was mounted o n  
t h e  o p t i c a l  a x i s  a t  t h e  r e x r  end of t h e  s u n s h a d e  by means o f  a  s p i d e r .  

A l l  components  w e r e  s u b j e c t e d  t o  a  series of  e n g i n e e r i n g  accep-  
t a n c e  t e s t s ,  b u t  a d d i t i o n a l  tes ts  and c a l i b r a t i o n s  p r i o r  t o  t h e i r  
i n t e g r a t i o n  i n t o  t h e  imaging  s u b s y s t e m  w e r e  made on t h e  o p t i c s ,  f i l t e r s ,  
s h u t t e r s ,  and v i d i c o n s .  T h e r e  were  t h r e e  main r e a s o n s  f o r  t h e s e  a d d i -  
t i o n a l  c a l i b r a t i o n s :  

( a )  It was n e c e s s a r y  t o  v e r i f y  t h e  c o m p a t i b i l i t y  o f  t h e  manu- 
f a c t u r e d  component w i t h  t h e  p h o t o s c i e n c e  r e q u i r e m e n t s .  

( b )  V a r i o u s  r a d i o m e t r i c  c a l c u l a t i o n s  r e q u i r e d  knowledge of  s u c h  
p a r a m e t e r s  a s  s p e c t r a l  c h a r a c t e r i s t i c s ,  a c t u a l  s h u t t e r  
t i m e s ,  v i d i c o n  l i g h t - t r a n s f e r  c u r v e s ,  e t c ,  

( c )  Reseau mapping,  t h e  r e s u l t s  o f  which  w e r e  i n s t r u m e n t a l  i n  
s u b s y s t e m - l e v e l  g e o m e t r i c  and f o c a l - l e n g t h  c a l i b r a t i o n s ,  
c o u l d  b e  done  o n l y  a t  t h e  component l e v e l ,  when t h e r e  was 
u n r e s t r i c t e d  a c c e s s i b i l i t y  t o  t h e  v i d i c o n  t u b e .  



Figure 3-1. Voyager ISS cameras: (a) fully assembled 
with electronics assemblies, (b) optics, 
filter wheel, and shutter 



Only results pertaining to ISS  S/N 03 - S/N 08 cameras are 
documented in this report. However, many component-level calibrations 
were performed on other cameras and other spare- par^ components as well. 
These results were catalogued and filed in case of retrofitting or any 
other future needs. The assignment of individual components is summa- 
rized by their serial numbers as listed in Section 1, Table 1-1. 

All component-level calibration procedures were based on technical 
requirements documented in Reference 2-1. They were designed and per- 
formed in a way to fully satisfy the specified accuracy criteria. 

A. OPTICS 

The narrow-angle camera optics is a 1500-mm focal length all- 
spherical, catadioptric cassegrain telescope [a modified MVM 1973 design 
(see Reference 3-1)] consisting of five elements plus an additional dust 
lens located between the shutter and the vidicon [Figures 3-1(a) and 
b)]. The f-stop number (Â£I// is 8.5. 

The wide-angle camera optics is a 200-mm focal length six-element 
lens of the Petzval-type. The sixth element, like the dust lens in the 
narrow-angle optics, is also located between the shutter and the vidicon 
[Figures 3-1(a) and (b)]. The f / #  is 3.5. 

The purpose of the sunshade is to screen out scattered light 
causing veiling glare and, in the case of narrow-angle optics, to pro- 
vide additional baffle effect eliminating direct light from reaching 
the vidicon. The sunshade also holds the Carley tungsten filament 
in-flight calibration lamps (type 715 AS15, 5 V, 0.115 A), as already 
mentioned in this section. 

The narrow-angle optics refractive elements were fabricated from 
T-20 Suprasil 11, an extremely stable optical material, and ultra 
low-expansion materials were used for the mirrors, which resulted in an 
essentially diffraction-limited performance. The wide-angle optics 
elements were manuf actured5 according to JPL specifications . The 
optical coatings are capable of withstanding radiation environments 
without degradation. (References 3-2 and 3-3 may be consulted for 
further technical details of the optical designs.) 

The theoretical computer-generated modulation transfer function 
(MTF) curves of the I S S  optics are shown in Figures 3-2 and 3-3. The 
minimum resolution, which was based on tests using the high contrast 
Air Force resolution target, is summarized in Table 3-1. The require- 
ments for optical quality of ISS optics were defined in References 3-4 
and 3-5, as follows: spatial frequency of at least 36 line-pairs/mm 
(LP/mm) at 50% modulation and 120 LP/mm at 157a modulation for narrow- 
angle optics, and a minimum resolution of 300 ~ P / m m  for wide-angle 

Schot t Optical Glass Co., Duryea, Pennsylvania. 
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Figure 3-3. Theoretical computer-generated MTF curves 
of I S S  wide-angl e optics 



Table  3-1.. Minimum r e s o l u t i o n  of  ISS o p t i c s  

Minimum Reso lu t ion  

Cen te r  Edge 

NAO- 3  

0  4  WAO-4 Not 
a v a i l a b l e  

0  5 NAO- 4  0 .15  194 19 4 

06 WAO- 6 Not 
a v a i l a b l e  

07 NAO- 5 0 .13  194 194 

0  8 WAO- 5 Not 390 390 
a v a i l a b l e  

o p t i c s .  A s  can  be seen  from F i g u r e  3-2 and Table  3-1, a l l  t h e s e  
c o n s t r a i n t s  were f u l l y  met .  

1. S p e c t r a l  T ransmi t t ance  

S p e c t r a l  t r a n s m i t t a n c e  of  ISS t e l e s c o p e s  was measured on t h e  J P L  
s p e c t r o r a d i o m e t e r .  The method and t h e  t y p i c a l  t e s t  s e t -up  a r e  d e s c r i b e d  
i n  d e t a i l  i n  Reference  2-3. 

The r e s u l t s  ob ta ined  a r e  documented i n  F i g u r e s  3-4 through 3-9, 
and t h e y  i n c l u d e  t h e  e f f e c t  of c e n t e r  o b s c u r a t i o n ,  d u s t  l e n s  ( s i x t h  
e l e m e n t ) ,  and t h e  l i g h t  r i n g .  The cu rves  a r e  s c a l e d  t o  show a b s o l u t e  
t r a n s m i t t a n c e  a t  555 nm, which was deduced from T-stop number (T///) 
measurements d e s c r i b e d  i n  S e c t i o n  111-A-2.  

The s p e c t r o r a d i o m e t e r  was o p e r a t e d  between 250 and 745 nm a t  5-nm 
in t e rva1 . s .  The accu racy  of t h e s e  s p e c t r a l  measurements i s  ve ry  d i f f i -  
c u l t  t o  measure,  b u t  based  on p a s t  e x p e r i e n c e ,  a s  w e l l  a s  on severa l .  
comparison tests,  i t  should  b e  b e t t e r  t han  t h e  +2% r e q u i r e d  by Refer-  
ence  2-1. 

Some u s e r s  may p r e f e r  numer i ca l  d a t a  of s p e c t r a l  t r a n s m i t t a n c e  
f o r  computer a p p l i c a t i o n s ,  and Tab le  3-2 was inc luded  f o r  t h i s  purpose  
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Figure  3-7. S p e c t r a l  t r ans rn i t -  
t a n c e ,  ISS S/N 06 
(wide-angle 
o p t i c s  SIN 06) 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

WAVELENGTH, nrn 

WAVELENGTH, nm 
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Table 3-2. S p e c t r a l  transmittance of TSS S/N 03-08 
(n ;~ r row-ang le  and wide-angl e o p t i c s )  

ISS S / N  O:i 
(KAO S I N  01) 

I S S  SIN 06 JSS S I N  07 1SS SIN 08 
(WAD S / N  0 6 )  ( N A O  S / S  05) (WAO S I N  0 5 )  



Table  3-2 (contd)  

Wave- . .- 

l e n g t h ,  ISS  SIN OH ISS  SIN 04  I S S  SIN 0 5  
(NAO S/K 0 3 )  (HA0 SIN 04)  (NAO SIN 0 4 )  

S p e c t r a l  t r a i i s m i t t a n c e ,  Z 

ISS  SIN 06  
(WAO SIN 06)  

6 3 . 6 2  

6 6 . 9 4  

6 7 . 0 1  

6 9 . 2 1  

7 1 . 2 1  

73 .30  

7 2 . 5 1  

7 2 . 4 6  

7 2 . 7 8  

7 2 . 1 7  

7 3 . 7 5  

73 .88  

7 5 . 2 1  

7 4 . 2 5  

7 4 . 0 6  

7 4 . 1 0  

7 4 . 0 8  

7 3 . 4 7  

7 1 . 4 2  

72 .59  

73 .02  

7 3 . 2 1  

7 3 . 5 6  

7 1 . 4 0  

72 .59  

72 .34  

72 .59  

7 2 . 3 6  

70.97 

70 .71  

7 0 . 7 3  

6 9 . 6 1  

68 .79  

6 8 . 9 8  

6 7 . 6 7  

6 8 . 7 1  

6 7 . 9 1  

6 6 . 4 3  

I S S  S/N 07 I S S  SIN 0P. 
(MA0 SIN 05)  (WAO SIN 05)  



T a b l e  3-2 ( con td )  

Spectral Lraniaiiii~i-.-mcf, 7; 

ISS  S/N U'3 1SS SIN 0 4  ISS  S / H  O5 ISS S I N  06 I S S  S / M  07 ISS SIN 08 
(NAO S/K 03)  (WO S / N  04'1 ( N A O  S I N  Or!) (MAO S/N 06)  (NAO S/:i 05)  (W.40 SIN 05)  

- - -~ . -- - -- -. . - -.. 
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3 4 . 8 2  h1 .05  40 .21  64.7". 39 .60  65.05 
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58.04 f i f l .17 37 . 118 6 1 . 1 1  i 7 . 1 6  60 .  91 

J6.1J i  59 .02  ' 3 ( ;  . 69 62 .02  3 5 . 9 2  6 0 . 3 1  
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32 .40  -5l.X 12.07 i J . 1 3  11 .9'J 5 1 . 7 1  

30 .69  5 0 . 9 0  11.6 3 52 .31  3(0. 5 8  5'i.Sb 

? 9 . 8 0  51 . i i 5  29 .61  50.90 29.70 51 .58  

29.56 48 .07  28 .61  W. 0 1  29 .  î  32 .03  

2 8 . 1 8  4 5 . 6 0  28.35 G . 3 4  28.16 $9.7; 

27.17 4 3 . i .'I 27.67 44 .93  27.27 47 .62  

2 6 . 7 5  4 5 . 2 7  26 .13  45.38 26 . /11  43. i 7  

2". 00 !t2.77 24.74 !i5 .'3S 24.  12 43.05 

24.20 38 .84  24.17 41 .84 24.07 4 1 . 3 5  

'"1.44 . '&0.0/ 23.59 3 ' 1 .  74 21.65 52.32 

20.67 36. '$1 2 2 . 7 6  15.2h ')'> - - .  12  38.18 

? I  .'37 57.5.i M. 1 0  34.65 21.01) 34.33 

17.70 T i . 7 8  22.32 31.79 22.37 35.28 



2 .  T-Stop Number 

The T/# of an o p t i c a l  system i s  a  f u n c t i o n  of  i t s  f / #  and i t s  
a b s o l u t e  t r a n s m i t t a n c e ,  L ,  which i n  t h e  c a s e  of 1SS cameras i n c l u d e s  
t h e  c e n t e r  o l i s cu ra t ion  of t h e  t e l e s c o p e  (narrow-angle)  , t h e  i n - f l i g h t  
c a l i b r a t i o n  Tamp and i t s  s p i d e r  (wide-angle) ,  t h e  d u s t  l e n s  (narrow- 
a n g l e ) ,  t h e  s i x t h  element  (wide-angle) ,  and t h e  l i g h t  r i n g :  

The method of  T / f f  d e t e r m i n a t i o n ,  which i s  based upon t h i s  r e l a t i o n ,  was 
d e s c r i b e d  i n  d e t a i l  i n  Reference  2-3. The r e s u l t s  ob ta ined  a r e  summar- 
i z e d  i n  Table  3-3 a n d ,  as can  be s e e n ,  t hey  a r e  a l l  well  w i t h i n  t h e  ?2% 
accuracy  l i m i t  r e q u i r e d  by Reference  2-1. The v a l u e s  a r e  based upon a t  
l e a s t  t h r e e  independent  measurements of each  t e l e s c o p e .  

Once tlie T / #  i s  known, t h e  a b s o l u t e  Lransmi t tance  a t  555 nm can  be 
computed from 

where f /??  i s  t h e  a n t i c i p a t e d  f - s t o p  number of  t h e  narrow-angle o r  wide- 
a n g l e  TSS camera. 

The c a l c u l a t e d  a b s o l u t e  t r a n s m i t t a n c e ,  t ,  was t h e n  used a s  s c a l e  
f a c t o r  f o r  t h e  s p e c t r a l  t r a n s m i t t a n c e  cu rves  d e s c r i b e d  i n  
S e c t i o n  IIT-A-1. 

Table  3-3 .  R e s u l t s  o f  T-stop number measurements 

Absolu te  Telescope  A n t i c i p a t e d  True 
I S S  SIN 

S/N Â £ I  TI # 
Transmi t t ance ,  

% 



3 .  F o c a l  Length 

' l ie a n t i c i p a t e d  f o c a l  l e n g t h  of  t h e  1SS nar row-angle  t e l e s c o p e '  is 
1500 m m  cind t h e  f o c a l  r a i i o ,  F/// = 8.:). The  s m ~ e  par , in le te r s  t o r  t l ie  
wide-ang le  o p r i c s  a r e  200 mm and 3 . 5 ,  r e s p e c t i v e l y .  However, no a t t e i n p t  
was made Lo measure  t h e  f o c a l  l e n g t h  a t  component - leve l  c a l i b r a t i o n 5  
becdusc  ~ l i e q e  r e s u l t s  would be of l i t t l e  p r a c t i c a l  use. I n s t e a d ,  t h e  
f o c a l  l e n g t h  of e a c h  LSS c<imer<i WAS d e t e r m i n e d  by d i r e c t  t h e o d o l i t e  
o b s e r v a t i o n s  o i  t h e  v i d i c o n  r e s r a u  g r i d  t h r o u g h  t h e  o p t i c s .  T h i s  
a p p r o a c h  e n s u r e s  measurement o F t h e  t r u e  s u b s y s  ten1 f o c a l  l e n g t h .  I'he 
method and i t s  a p p l i c a t i o n  Lo t h e  I S S  cameras  a r e  c l ~ s c r i b e d  i n  
SecLion TV-B-L. 

B .  F I LTER SPECTRAL TRANSMITTANCl" 

Each nar row-angle  and  w i d e - a n g l e  1SS camera i s  e q u i p p e d  wi L l i  a 
f i l  ter  w h e e l  [ ~ i ~ u r e  3-1 (b)] c o n t a i n i n g  e i g h t  f i l t e r  p o s i t i o n s .  T h i s  
whee l  c a n  he s t e p p e d  one  t h r o u g h  s e v e n  p o s i t i o n s  i n  fo rward  d i r e c t i o n  
p e r  f r a m e .  A t y p i c a l  s e t  of  narrow-angl e c a m e r ~ ~  f i l t e r s  i s  shown i n  
F i g u r e  3-10; and  the wide-ang le  camera f i l t e r s ,  i n  F i g u r e  3-11. The 
f i l t e r  whee l  p o s i t i o n s  a r e  a l s o  summarized i n  T a b l e  '3-4. 

6 
The f i L t e r  s u b s t r a t e s  were' made from T-20 s u p r ~ i s i l  # 2  . To m c e ~  

J u p i t e r  r a d i a t i o n ,  r e q u i r e i n e n t ~ ,  t h e y  were co; i ted a s  f o l l o w s :  

A 1 1  c l e a r  f i l t e r s  were  c o a t e d  w i t h  m o d i f i e d  mark 8 d n t i -  
r c f l e c ~ ~ i n c e  c o a t i n g  w i t h  '1 r a n g e  of 350 t o  570 nm f o r  0 . 6 %  
o r  l e s s  r e f l e c t a n c e  pet- s i d e .  The r e s u l t i n g  r e p r e s e n t a t i v e  
r e f l e c t a n c e  c u r v e  i s  shown i n  F i g u r e  3-12. 

With t h r e e  e x c e p t i o n s ,  a l l  c o l o r  f i l t e r s  were  c o a t e d  w i t h  
a 1  L-dl e l  e c  t r i c  m a t e r i a l .  8 O f  t h e  two s p e c t r a l  c u r v e s  
s u p p l i e d ,  o n e  was a t  ambieni: c o n d i t i o n s ;  t h e  o t h e r ,  a t  a 
vacuum l e v e l  of 1 x  1 0 ~  t o r r  and a  t e m p e r a t u r e  o f  O 0 C .  
A l l  ambien t  c u r v e s  w e r e  a l s o  v e r i r i e d  a t  JPL. 

The t h r e e  e x c e p t i o n s ,  ment ioned  i n  ( 2 )  , a r e  t h e  1 CW qodium-D, 
2CW methane  (6190) and 3CW methane  (Uranus)  f i l t e r s .  T h e s e  
f i l t e r s  w e r e  of a  sandwich-type o f  c o n s t r u c t i o n  w i t h  a  f u s e d -  
q u a r t z  s p a c e r .  The v o i d  was f i l l e d  w i t h  s u i t a b l e  f i l L e r  
m a t e r i a l ,  and t h e  e d g e s  were s e a l e d  w i t h  a  space-proven  
epoxy g l u e .  No s p e c t r a l  c u r v e s  were  f u r n i s h e d  w i t h  

- 

' B ~  O p t i c a l  Components,  i n c .  , I r w i n d a l e ,  C a l i f o r n i a .  

7 
By H e r r o n  O p t i c s ,  Long Beach,  C a l i f o r n i a .  

'1bid.  
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Figure 3-10. Narrow-angle TSS camera filter-wheel 
positions (as seen from front of 
optics) 

----- 
STEP 

6190 Â 5 0 A  

5890 Â 3.5 A 
NaD 

Figure 3-11. Wide-angle ISS camera filter-wheel 
positions (as seen from front of 
optics) 
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Tab le  3-4. A t y p i c a l  s e t  of ISS  camera f i l t e r s  

F i l t e r -  F i l t e r  
Wavelength, 

I S S  camera wheel F i l t e r  c l a s s  A Type 
p o s i t i o n  I D  

C l e a r  

V i o l e t  

Blue 

Orange 

C lea r  

Green 

Green 

uv 

Methane 
(6190) 

Blue 

C lea r  

V i o l e t  

Sodium-D 

Green 

Me thane  
(Uranus) 

Orange 

4BN - I n t e r f e r e n c e  

7BW 
( t h i c k )  

>5700 



WAVELENGTH, nm 

Figure 3-12. Reflectance of ISS camera clear filters after coating 

these filters9 but the basic spectral information supplied 
was verified at JPL under ambient conditions. A few selected 
filters were also tested by several independent sources 
under extended conditions and were found to be satisfactory 
in performance. 

Spectral measurements at source were taken on Beckman spectro- 
photometers, and verifications at JPL were made with a Gary 14 spectro- 
photometer. Each test scan was run. from 2000 to 7000 A to check for 
eventual leaks outside the passband. The transmission accuracy was 
kept within Â±2 as required in Reference 2-1. 

It would be beyond the scope of this report to document the 
spectral transmittance curves of all 48 flight filters. Therefore, 
only a typical sample set is shown in Figures 3-13 through 3-25. IIow- 
ever, the differences between all individual filters of the same class 
ID, which are on file at J P L ,  are rather insignificant. Also, as can 
be seen from these figures, the wavelength shift under vacuum conditions 
is very small for all cases. 

The filter factors for all filter positions of the flight ISS 
cameras were calculated at JPL for the JPL light cannons and for a 
number of celestial bodies as light sources. These important data are 
documented in Tables 3-5 through 3-8. 

9HanuÂ£acture by Baird-Atomic, Inc. , Ffassachusetts * 



AMBIENT CONDITIONS 
(NO SIGNIFICANT SHIFT 
FOR VACUUM) 

200 300 400 500 600 700 

WAVELENGTH, nm 

F i g u r e  3-13. S p e c t r a l  t r a n s m i t -  
t a n c e ,  c l  e a r  f i l t e r  
4BN and 9BW ( p o s i -  
Lion nar row-angle  
0 ,  4 a n d  wide -  
a n g l e  2 )  

CONDITIONS 
--- VACUUM 

0 
300 wo 500 600 7' 

WAVELENGTH, nrn 

F i g u r e  3-14. S p e c t r a l  t ransiniL-  
Lance, v i o l e t  
f i l t e r  2AN 
( p o s i t i o n  narrow- 
a n g l e  1) 

300 400 500 wo 700 

WAVELENGTH, nm 

300 400 500 600 700 

WAVELENGTH, nrn 

F i g u r e  3-15. S p e c t r a l  Lransn~i  t- F i g u r e  3-1 6 .  S p e e i r d l  Lransmit-  
t a n c e ,  b l u e  f i1 t e r  t a n c c ,  o r ange  
3 A N  (pos i  t i  on f i l t e r  7BW-thick 
narrnw-angl e 2) ( p o s i t i o n  narrow- 

a n g l e  3 )  



CONDITIONS 

0 

WAVELENGTH, run 

Figure 3-17. Spectral transmit- 
tance, green filtcr 
3BN (position 
narrow-angle 5 
and 6) 

- AMBIENT CONDITIONS 
-- VACUUM 

10 

0 
270300 350 400 450 500 550 600 650 

WAVELENGTH, nm 

AMBIENT CONDITIONS 

WAVELENGTH, nm 

Figure 3-19, Spectral. transmit-- 
tance, methane 
(6190) filter 2CW 
(position wide- 
angle 0) 

Figure 3-18. Spectral transmit- 
tance, ultra- 
violet filter 1 AN 
(position narrow- 
angle 7) 
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WAVELENGTH, nm 

F i g u r e  3-20.  S p e c t r a l  t r a n s m i t -  
t a n c e ,  b l  ue f i l t e r  
6AW ( p o s i t i o n  
wide-ang l  e  1) 

10) 
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z 80 
-AMBIENT 
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Figure 3-22. Spectral t r a n s m i t -  
tance, sodium-D 
f i l t e r  1CW 
( p o s i t i o n  wide- 
a n g l e  4 )  

F i g u r e  3-21. S p e c t r a l  t r a n s m i t -  
Lance, v i o l e t  
f i l t e r ,  4AW 
( p o s i t i o n  wide- 
angle  3) 
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WAVELENGTH, nrn 

F i g u r e  3-23. S p e c t r a l t r a n s m i t -  
t a n c e ,  g r e e n  
f i l t e r  6BW 
( p o s i t i o n  wide- 
a n g l e  5) 

- AMBIENT 
CONDIT IONS -- 
VACUUM 

WAVELENGTH, nm 

CONDIT IONS 

400 450 550 500 600 650675 

WAVELENGTH, nm 

Figure 3-25. S p e c t r a l  t r a n s m i t -  
t a n c e ,  o r ange  
f i l t e r  8BW 
( p o s i t i o n  wide- 
a n g l e  7 )  

F i g u r e  3-24. S p e c t r a l t r a n s m i t -  
Lance methane 
(Uranus)  f i l t e r  
3CW ( p o s i t i o n  
wide-angle 6 )  
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'lable 3-5. F i l t e r  f a c t o r s ,  I S S  S / H  04 

L i g h t  
s o u r c e  

S an 

J u p i t e r  

S a t u r n  

Moon 

To 

Europa 

Ganymede 

C a l  l i s t o  

Amal t h e a  

Mimas 

E n e e l a d u s  

Techys 

Dione 

Rhea 

T i t a n  

Hyperion 

T a p e t u s / d k  

Phoebe  

Rings 

Iapetus/lt 

13-CITI TJ/C 

Fi 1 ter  p o s i t i o n .  

a 
F i l t e r  f a c t o r s  f o r  f i l t e r s  0 ,  4 ,  and 6 a r e  o n l y  a p p r o x i m a t e  
and may have  t o  h e  v e r i f i e d  d u r i n g  t h e  mission. 



T a b l e  3-6. F i l t e r  f a c t o r s ,  I S S  S/N 05 

F i l t e r  p o s i t i o n  
L i g h t  

s o u r c e  
0 1 2 3 4 5 6 7 

S u n  

J u p i t e r  

S a t u r n  

Moon 

10 

Europa 

Ganymede 

C a l l i s t o  

Aiiial thea 

Mimas 

Encelaclus 

Te t h y s  

Dione 

Rhea 

T i t a n  

Hyperion 

I a p e t u s l d k  

Phoebe 

Rings  

I a p e t u s / l t  

Same as 39 .2  
f i l t e r  5 



Tab le  3-7. F i l t e r  f a c t o r s ,  TSS SIN 06 

F i l t e r  p o s i t i o n  
-- L i g h t  .- 

s o u r c e  oa 1 2 3 

S 1117 

J u p i t e r  

S a t u r n  

Moon 

Lo 

Europa 

Ganymede 

C a l l  i s t o  

A m a l  t h e  a 

M i  mas 

Enceladus  

Te t h y s  

Dione 

Rhea 

T i t a n  

Hyper i o n  

~ a p e ~ ~ s / d k  

Phoebe 

Rings 

Tape tus /  L t  

13-cm L/C 

a  
F i l t e r  f a c t o r s  f o r  f i l t e r s  0 ,  4 ,  and 6 a r e  on ly  app rox ima te  
and may have t o  be  v e r i f i e d  d u r i n g  t h e  m i s s i o n .  



Table  3-8. Filter f a c t o r s ,  ISS S/N 07 

L i g h t  
s o u r c e  

Sun 

J u p i t e r  

S a t u r n  

Moon 

l o  

Europa 

Ganymede 

C a l l i s t o  

Amalthea 

M i m a s  

Ence ladus  

Tethys  

Dione 

Rhea 

T i  t a n  

Hyperion 

l a p e t u s / d k  

Phoebe 

R i n g s  

I a p e t u s / l t  

F i l t e r  p o s i t i o n  



C .  SHUTTER TIMES 

The 1SS s h u t t e r s  a r e  of t h e  mechanical f o c a l - p l a n e  type  w i t h  two 
b l a d e s :  one b l a d e  opens t h e  a p e r t u r e ,  and t h e  o t h e r  b l a d e  cove r s  i t  
a f t e r  the d e s i r e d  exposure  i n t e r v a l .  The exposure  t ime i s  c o n t r o l l e d  
by t h e  f l i g h t  d a t a  subsys tem ( F D S ) ,  which p r o v i d e s  a  s e p a r a t e  p u l s e  t o  
s t a r t  each  of  t h e  two s h u t t e r  b l a d e s .  

Each s h u t t e r  assembly h a s  a d i f f e r e n t  r e sponse  t o  commands because  
of  d i f f e r i n g  f r i c t i o n a l ,  f o r c e s  and o t h e r  i n f l u e n c e s .  The a c t u a l  expo- 
s u r e  and shad ing  d a t a  were o b t a i n e d  a t  35, 25,  and -15'C. 

A s h u t t e r  t e s t  f i x t u r e  i l l u m i n a t e d  f i v e  d i o d e s  w i t h  c o l l i m a t e d  
l i g h t  f o r  measurements of s h u t t e r  c h a r a c t e r i s t i c s .  The f i v e  d i o d e s  
were e q u a l l y  spaced a t  3.75 mrn f o r  w ide -ang le  s h u t t e r s  and 3 .15  mm f o r  
nar row-angle  s h u t t e r s .  The t r u e  t imes  o b t a i n e d  f o r  a commanded exposure  
of  5 . 0 ,  1 2 . 5 ,  25 .0 ,  50 .0 ,  and 9 7 . 5  m s  a r e  summarized i n  Table  3-9. A s  
can  be s e e n ,  t h e  t r u e  s h u t t e r  t imes  a r e  s h o r t e r  t h a n  t h e  commanded t ime 
f o r  a l l  TSS cameras,  b u t  what is even more impor t an t  i s  t h a t  t h e  d i f f e r -  
ence  i s  c o n s i s t e n t l y  s y s t e m a t i c .  These s y s t e m a t i c  s h u t t e r  t ime o f f s e t s ,  
l i s t e d  i n  Table  3-10, were a l s o  v e r i f i e d  d u r i n g  r a d i o m e t r i c  r e c i p r o c i t y  
c a l i b r a t i o n s  ( s e e  S e c t i o n  IV-A-3 f o r  f u l l  d e t a i l s ) .  

The s h u t t e r  shad ing  c h a r a c t e r i s t i c s  a r e  shown i n  F igu res  3-26 
through 3- 3 1  f o r  a commanded 12.5-ms exposure .  With on ly  one excep- 
t i o n ,  t h e  d e v i a t i o n s  f o r  a l l  I S S  cameras l i e  w i t h i n  1 0 . 4  ms, which is  
e x c e l l e n t .  The o n l y  e x c e p t i o n  i s  ISS camera S/N 07 a t  3 5 O C ,  where t h e  
d e v i a t i o n  r e a c h e s  +0.51 and -0.64 m s  ( F i g u r e  3-31).  The accuracy  of  
s e v e r a l  r e p e a t e d  measurements was between 20 .01  t o  L0.07 i n s ,  i . e . ,  wel l  
w i t h i n  t h e  1̂7o l i m i t  s e t  by Reference  2-1. Only i n  t h e  c a s e  of s h u t t e r  
b l ade  b o u n c e , t h e  accu racy  d r a s t i c a l l y  d e t e r i o r a t e d  up t o  + 0 . 8  m s ,  b u t  
t h i s  i s  an  unaccep tab le  mode anyway. 

Only d i o d e s  2 t o  4 l i e  w i t h i n  t h e  a c t i v e  I S S  v i d i c o n  fo rma t ,  
a l t hough  t h e  aver~igc.  s h u t t e r  t ime i s  based on a l l  f i v e  d i o d e s  ( f o u r  
d i o d e s  whetever  s h u t t e r  b l a d e  bounce is  p r e s e n t ) .  The s h u t t e r  b l a d e  
bounce f o r  d i o d e  3 ,  which i s  i n d i c a t e d  i n  F i g u r e s  3-26 t o  3-29 and 3-31, 
s t a r t s  a t  -5OC o r  -8'C. No a t t empt  was made t o  de t e rmine  how f a r  back 
t h i s  bounce r e a l l y  goes ,  b u t  i L  was assumed t h a t  i t  does n o t  r e a c h  i n t o  
t h e  a c t i v e  v i d i c o n  fo rma t .  The r e s u l t s  and a n a l y s i s  of t h e  subsystem 
l e v e l  r a d i o m e t r i c  t e s t s  i n d i c a t e  t h a t  t h i s  assumpt ion  was j u s t i f i e d  
( s e e  S e c t i o n  IV-A-1); b u t ,  t o  s t a y  on t h e  s a f e  s i d e ,  f r e e z i n g  opera-  
t i o n a l  t empera tu re s  bhould be avoided ,  i f  a t  a l l  p o s s i b l e .  

Icible 3--11 l i s t s  a l l  24 a n t i c i p a t e d  o p e r a t i o n a l  s h u t t e r - t i m e  
commands that c a n  be used f o r  t h e  TSS cameras.  However, d u r i n g  
cornpunent-level t ~ a l i b r a t i o n s  of t h e  s h u t t e r s  , any s h u t t e r  t ime could  
be commanded. I t  i s  obvious  t h a t  t h e  s y s t e m a t i c  t r u e  s h u t t e r  Lime 
o f f s e t  (Table  3-10) w i l l  a f f e c t  on ly  t h e  s h o r t e s t  s h u t t e r  t imes  and w i l l  
become ins igni f icc- in t  f o r  tlie l o n g e r  s h u t ~ e r  Limes ( s e e  r a d i o m e t r i c  
r e c i p r o c i i y  r e s u l t s  i n  SccLion IV-A-3). 
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t'.^bl e 3-10. Sys~xrna~i~ I S S  true shu~~er-time o f  â‚¬s 

-- 

Svstcmciti-c Lrue q h n t t e r - t u n e  o F l s e ~ ,  rnq 

ISS SIX 03  ISS SIN 04 I S S  S / N  05 ISS SIN 05 ISS SIN 07 ISS SIN 0 8  

S11ut t e r  
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-15Â° - 2 . 0 3  

(Wi thou t bounce)  ~ 0 . 0 2  
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S / N  06 SIN 09 S/N 1 2  SIN 11 SIN 08 
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~ 0 . 0 1  
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No bounce 
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I I - SHUTTER BLADE TRAVEL DIRECTION 
- +35OC 
-- +25'C 
---- -1 5-C 

ACTIVE I S S  VIDICON FORMAT 
I I 

3 

1 
I 
I 
I 
I 
I 

SHUTTER BLADE 1 
BOUNCE - 4.69 ms I AVERAGE SHUTTER TIME 

1 
I (35'C - 14.52 ms) 
I 
I 

(25'C = 14.59 m) 

I 
(-15'C = 14.55 ms) 

BLADE TRAVEL, rnm 

Figure 3-26. 1SS S/N 03 (shutter SIN 07) 
shutter shading 



Figure 3-27. I S S  SIN 04 (shutter S / N  06) 
shutter shading 

-Ã‘Ã‘Ã‘Ã‘ 

- + 3 5 Y  - 

- - + 2 5 T  
---- -1 5Â° 

ACTIVE ISS VIDICON FORMAT 
i 

4 
- 

- 

SHUTTER BLADE BOUNCE \ 
(NOT MEASURED) 1 AVERAGE SHUTTER TIME - 

T i g u r c  3-28. FSS S/H 05 ( s h u ~ ~ e r  SIN 09) 
s h u t t e r  s h a d i n g  

-0.6 

-0.7 

1 I (35OC = 14.63 ms) 

I 1 (2.5-C = 14.17 ms) 

- (-15OC = 13.64 ms) - 

> 
.A I I 

0 5 10 15 20 

BLADE TRAVEL, mm 



---- -1 5-c 
ACTIVE I S S  VIDICON FORMAT I--.- I 

I 
1 
I 

SHUTTER BLADE \ 
BOUNt t - 3.53 rns l 

I AVERAGE SHUTTER TIME 
I 
I (3SnC = 14.36 mi) 

(25*C=14.39m) 

(-15-C 14.27 ms) 
I 

BLADE TRAVEL, mm 

Figure. 3-29. 1SS S/N 06 (shutter SIN 12) 
shutter shading 

- - +25OC 
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---- 

AVERAGE SHUTTER TIME 

(35OC 1 2  58 ms) 

(25'C = 13.87 ms) 

(-I5Â¡ 14 02 ms) 

0 5 10 15 20 

BLADE TRAVEL. mrn 

Figure '3-30. TSS SIN 07 ( s h ~ ~ t ~ c i -  SIN 1 1  ) 
shuL i c y  shadink!; 



I I I 

SHUTTER BLADE TRAVEL DIRECTION - +3S0C 

- - +25OC 
---- -1S0C 

ACTIVE ISS  VIDICON FORMAT 
w I 

I 
0 5 10 1s 20 

BLADE TRAVEL, rnm 

Figure 3-31. 1SS S/N 08 (shutter S / N  08) 
s h u t  Ler shad ing  



T ~ t j l e  3-1 1 . Operational ISS Â¥sliuLLe Limes 

Shutter time 
BCli  Code number Gnrnn~~incl ,  11s (includes BCE/FDS offset) 

in S 



D. V I D I C O N  

The s e n s o r  used  i n  t h e  Voyager-ISS camera sys tem i s  a  25-mi 
a l l -magnet  v i d i c o n .  The v i d i c o n  s t o r a g e  s u r f a c e  ( t a r g e t )  i s  a  
se len ium-sulphur  and c a n  s t o r e  a  h i g h  r e s o l u t i o n  (1500 TVL) p i c t u r e  
f o r  ove r  100  s a t  room t e m p e r a t u r e .  

The a c t i v e  image a r e a  on t h e  t a r g e t  i s  11 .14  x  11 .14  mm. Each 
f rame c o n s i s t s  of 800 l i n e s  w i t h  800 p i c t u r e  e l emen t s  ( p i x e l s )  p e r  l i n e ,  
i . e . ,  1 p i x e l  = 1 4  pm. One f rame r e q u i r e s  48 s f o r  e l e c t r o n i c  r e a d o u t .  
Fo l lowing  r e a d o u t ,  l i g h t  f l o o d i n g  i s  used  t o  remove any r e s i d u a l  image 
t h a t  might  remain  from t h e  p r e v i o u s  f rame.  At t h e  end of l i g h t  f l ood -  
i n g ,  1 4  e r a s e  f r ames  a r e  used t o  s t a b i l i z e  and p r e p a r e  t h e  v i d i c o n  t a r g e t  
f o r  t h e  n e x t  exposu re  s equence .  I n  a d d i t i o n  t o  t h e  normal  f rame r e a d o u t  
of 48 s ( 1 : 1 ) ,  f o u r  ex tended  frame-t ime modes of 2 :1 ,  3 : 1 ,  5 :1 ,  and 
1 0 : l  a r e  a v a i l a b l e  by command. Tab l e  3-12 l i s t s  t h e  s p e c i f i c  r a t e s  and 
t i m i n g  i n t e r v a l s  f o r  t h e  ISS camera sy s t em.  F i g u r e  3-32 shows a  t y p i c a l  
ISS two-camera Liming c y c l e .  

1. S p e c t r a l  Response 

The r e l a t i v e  s p e c t r a l  r e s p o n s e  was measured f o r  e ach  f l i g h t -  
q u a l i t y  v i d i c o n .  T h i s  i n f o r m a t i o n  was used  f o r  t u b e  s e l e c t i o n  and a s  a 
g u i d e  t o  d e t e r m i n e  which t u b e  was t o  b e  i n s t a l l e d  i n  t h e  wide-or 
nar row-angle  cameras .  The r e l a t i v e  s p e c t r a l  r e s p o n s e  d a t a  from each  
t u b e  was t h e n  combined w i t h  t h e  o t h e r  o p t i c a l  component r e s p o n s e s  t o  
a r r i v e  a t  a  comple te  sys tem s p e c t r a l  r e s p o n s e *  

S p e c t r a l  r e sponse  measurements  were  made o v e r  t h e  wavelength  band 
from 280 t o  640 nm by  u s i n g  a monochrometer and a  150-W xenon l i g h t  
s o u r c e .  Cons t an t  o p t i c a l  power was s u p p l i e d  t o  t h e  v i d i c o n  ove r  t h e  
measurement r ange  by m o n i t o r i n g  t h e  f - lux  a t  t h e  v i d i c o n  f a c e p l a t e  w i t h  
a Hewlet t -Packard r a d i o m e t e r .  The r e l a t i v e  s p e c t r a l  r e sponse  was t h e n  
t a k e n  a s  t h e  v i d i c o n  o u t p u t  c u r r e n t  v e r s u s  wavelength  a s  shown i n  
F i g u r e s  3-33 t h rough  3-38. Measured i r r a d i a n c e  u n c e r t a i n t y  f o r  t h e  
sys tem was 10Z and t h e  wave l eng th  u n c e r t a i n t y  was k 0 . 1  nm, which i s  i n  
compl iance  w i t h  t h e  r e q u i r e m e n t s  g i v e n  i n  Re fe r ence  2-1. 

2 .  Reseau Geometry 

Exac t  knowledge of X-Y c o o r d i n a t e s  of t h e  v i d i c o n  r e s e a u  g r i d  i s  
e s s e n t i a l  f o r  geome t r i c  c o r r e c t i o n s ,  n a v i g a t i o n a l  c a l c u l a t i o n s ,  and 
photogrammeir ic  e v a l u a t i o n s  of  Voyager-ISS photography .  The r e s e a u  
g r i d  was a l s o  used  t o  d e t e r m i n e  f o c a l  l e n g t h  and f i e l d  01 v iew ,  

Both t h e  nar row-angle  and wide-angle cameras =ire equipped  w i t h  
t h e  same t y p e  of v i d i c o n ;  and a  t y p i c a l  ISS r e s e a u  g r i d  p a t t e r n ,  con- 
t a i n i n g  202 r e s e a u  marks ,  i s  shown i n  F i g u r e  3-29. The r e s e a u  marks 
were  measured on a Moore u n i v e r s a l  measur ing  machine u s i n g  a 150 x 
microscope .  Both t h e  t r a d i t i o n a l  align'n'ient method and t h e  random 



T a b l e  3-12. ISS specific rates and timing intervals 

- - L i S e c L i v e  f o c a l  l e n g t h  

F o c a l  r i i l i o  

A n g u l a r  [ i e l d - o f - v i e w  

R e s o l u t i o n  107. m o d u l a t i o n  AL 

Approximate,  f a s t e s t  s h u t t e r  s p e e d  

Ac- t i ve, t a r g e  t: r;is t e r  1 

Ras te r  a s p e c t  r a t i o  

P i x e l  r i s p c r t  r a t i o  

Arrive- scan  l i n e s  p e r  f r a m e  

Act  i ve  p i x e l s  p e r  1 i n e  

Frame t i m e  

B i ~ s / p i ~ ~ u r e  e lzmei i l  

HumI>cvr oS 111 t e r s  

A r t  i ve I i 1 1 1 2  I i me 

2 00 IIIIII 

r13.3 

56 x 56 mr 

36 1 i n e  p a i r / n m  A t  

5 Ill^ 

Pardme t e r  Wide-angl e  camera  Narrow-angle  camera  
~- ~--- 

1 5 0 0  mm 

fl8.5 

7 . h  x 7 . 4  mr 

36 l i n e  pa i r /mm 

5 ITIS 

1 . 1 4  x 1 1 . 1 4  n i n ~  11. 1 4  x 1 1 . 1 4  nini 

1:1 1:l 

1:1 1:l 

8 0 0  800  

8 0 0  800  

I'roni !18 s (I-:!) t o  480 s ( 1 0 :  I )  

8 8 

8 8 

55. 6 9 4  II,S 5 5 . 6 9 4  ms 

l i n e  s y n c l i r o n i z a t i o r i  t i m e  From 4 . 3  ins ( 1 : l )  r o  6 0 4 . 3  ins ( 1 0 : 1 )  

Video  base  band 7 . 2  kHz 7 . 2  kHz 

Video  s a m p i e  f r e q u e n c y  1 4 . 4  kHz 1 4 . 4  l<llx 

S t a r  d e t e c t i o n  c a p a b i l i t v  

S t a t -  Lypc: 

KO 6 t h  a t  5 5  ~ . r a d / s  9 t h  a t  Â£  i - r u d / s  

,\O 7 t h  a t  Â £ 1  l . r ' ; ~ c l / s  9 t h  a c  5 1 0  1~1:ad/s  

0 7 t h  :i l 5 1 5  i.~-.id/s 9 t h  a t  51.5 1 1 r a d / s  
-- - -. . 
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WAVELENGTH, nm 

F i g u r e  3-33. R e l a t i v e  spec t r a l  
r e s p o n s e ,  ISS 
S I N  03 ( v i d i c o n  
SIN 115 9880) 

WAVELENGTH, nm 

F i g u r e  3-35. Relative s p e c t r a l  
response, ISS 
SIN 05 ( v i d i c o n  
SIN 225 1901) 

WAVELENGTH, nm 

F i g u r e  3-34. R e l a t i v e  s p e c t r a l  
r e s p o n s e ,  ISS 
SIN 04 ( v i d i c o n  
SIN 305 2719) 



Figure 3-36. Relative spectral 
response, ISS 
S/N 06 (vidicon 
s/N 115 9903) 

WAVELENGTH, nm 

Figure 3-38. Relative spectral 
response, ISS 
SIN 08 (vidicon 
SIN 165 1407 

WAVELENGTH, nm 

F i g u r e  3-37. Relative specLra1  
response, TSS 
S/K 07 (vidicon 



SCAN L I N E  
L I N E  ONE, 
SAMPLE ONE 

F i g u r e  3-39. Reseau gr i r l  of Voyager LSS v i d i c o n 5  
(The t r u e  r e s e a u  marks  a r e  s q u a r e ,  
a p p r o x i m a t e 1  y 0.04 x 0.04 mill) 

method were  u s e d .  The r e s u l  t i n g  p o s i t i o n a l  a c c u r a c y  i s  b e t t e r  t h a n  
10.002 mm, which i s  v e r y  c l o s e  t o  t h e  l i m i t  o t  k0.003 mm set  i n  
R e f e r e n c e  ? - I s  

The r e s e a u  marks  a r e  a p p r o x i m a t e l y  s q u a r e  w i t h  a n  a v e r a g e  s i z e  o f  
0.040 mni (2.9 p i x e l s ) ,  and  he gre ' i t  m a j o r i t y  of them hcive s h a r p  e d g e s  
and c o r n e r s .  The measured c o o r d i n a t e s  ( T a b l e s  3-1 3 t h r o u g h  3-18) r e f e r  
t o  t h e  c e n t e r  o f  e a c h  r e s e a n  mark.  It s h o u l d  b e  n o t e d  t h a t ,  on t h e  
v i d i c o n  f a c e p l a t e ,  r e s e a u  mark 1 ( l i n e  o n e ,  sample  one)  a p p e a r s  i n  t h e  
upper  r i g h t - h a n d  c o r n e r ,  when viewed t h r o u g h  t l i e  t e l e s c o p e  with t h e  
camera mount ing  f e e t  p o i n t i n g  u p ,  bu t  a f t e r  IPL p r o c e s s i n g  t h i s  r e s e a u  
mark w i l l  a p p e a r  i n  t h e  u s u a l  u p p e r  l e f t - h a n d  c o r n e r  o f  e a c h  p h o t o g r a p h ,  
t h e r e b y  c h a n g i n g  t h e  d i r e c t i o n  o f  t h e  p l u s  X-axis .  

F i g u r e s  3-40 t h r o u g h  3-45 show Lhe l o c a t i o n  of e a c h  c e n t e r  r e s e a u  
mark w i t h  r e s p e c t  t o  t h e  v i d i c o n  Lube a x i s .  The a v e r a g e  o u t s i d e  d i am-  
eter (OD)  of t h e  t u b e  i s  26.085 mm. 



618-802 

Tab1 P 3-1 3 .  Rescau g r i d  r o o r d i n a t e s ,  TSS S/N 03 
(vidicon S / N  115 9880), nnn 

Roseau 
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Table 3-H ( c o n t d )  
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is0 
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i 8 2  

183 
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191 
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1 9 8  

199 

200 

201 

202  



Table 3-14. Reseau g r i d  c o o r d i n a t e s ,  I S S  S / N  04 
(v idicon S/N 305 2719), rnm 

Reseau X f Roseau X Y Roseau X Y 

-5.597 

-5 .430 

-4.887 

-3.802 

-2.714 

-1 .629 

-0.  5 4 2  

0.543 

I .627 

2 .715 

3 .798 

4.886 

5.431 

5.598 

- 4 . 3 4 3  

-3 .259 

-2.173 

- 1 . 0 8 7  

0 . 0 0 0  

1  . 08'1 

2 .172 

3.259 

f t .  3/13 

-5.654 

-4.887 

-3.802 

-2 .714 

-1 .629 

-0.542 

0 .  543 

1 .  (127 

2.715 

3.798 

4 .886 

5 .635 

-5.291 

-4. 144 

- ' I .  260 

-2 .174 

-1.087 

D.000 

1. 084 

2 . 1 7 ?  

3. :'w 
i t .  j!, 3 

9 J 

9 2  

9 ! 

9  4  

95 

9 6 

97 

98 

9 9 

100 

101 

102 

103 

104 

105 

1 0 6  

1 0 7  

108 

109 

LI 0 

I l l  

1 1 2  

11 5 

114 

113 

1 1 6 

I 1  1 

118 

119 

120 

121 

122 

123 

1 ? 4  

I,") 

12b 

127 

1 ̂ H 

1 .!I9 

1 10 

I  Ã 

1 32 

1 I !  

1 it1 

1 3 5  



Table 3-14 ( c o t ~ t d )  

Roseau X 



Fable 3-15.  Reseau grid c o o r d i n a t e s ,  T S S  S/N 05 
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Roseau X 

( ~ i d  icon S/N 225 1901 ) , mm 
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Table  3-15 (contcl) 
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Table 3-16. Reseau grid coordinates. TSS S/N 06 
(v id icon  SIN 115 9903) ,  m m  

Roseau X Y Reseau 
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Table 3-16 ( con td )  

R o s e a u  
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Tab le  3-17. Reaeau. g r i d  roordinaLes, ISS S/N 07 
(vidicon S/N 165 1402), mm 
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Table 3-18. Reseau g r i d  c o o r d i n a t e s ,  I S S  SIN 08 
( v i d i c o n  S I N  165 1 4 0 7 ) ,  mm 

Reseau X Y Rebeau X Y l lcwan X Y 



Roseau X 

T a b l e  3-18 ( con td )  

-- 



Figure 3-40. Vidicon tube 
geometry, ISS 
SIN 03 (vidicon 
SIN 115 9880) 

Figure 3-41. Vidicon tube 
geometry, LSS 
SIN 04 (vidicon 
SIN 305 2719) 

Figure 3-42. Vidicon tube Figure 3-43. Vidicon tube 
geometry, ISS geometry, ISS 
SIN 05 (vidicon SIN 06 (vidicon 
SIN 225 1901) SIN 115 9903) 



Figure 3-44. Vidi~on tube Figure 3-45. V i c l i  con tube 
geometry, ISS geometry, Â£S 
S/N 07 (vidicon S/N 08 (vidicon 
S / N  165 1402) S/N lb5 1407) 

3. Light Transfer Curves 

The liptit transfer curves of the ISS flight cameras are shown in 
Figures 3-46 through 3-51. The target operating point was selected to 
mininiize the temperature dependence of  he light transfer characteristic 
The system offset adjustment is set with the target of the vidicon at 
-15OC to allow a linear transfer characteristic without the lens/vidicon 
heaters. T h e  resultant operating point exhibits a gamma of 1.00 +0.02, 
thus allowing a large, brightness dynamic range. The 8-bit encoding of 
video data provides 256 signal levels between black and white satura- 
tion. Because the vidicon has a dynamic range that exceeds 256:1, 
white saturation is electronic and not limited by the vidicon. 



ILLUMINATION, fcds 

F i g u r e  3-46- L i g h t  t r a n s f e r  
curve9  TSS 
SIN 03 (vidico13 
SIN 115 9880)  

lLLUMiP4ATlON, fcds 

0.01 

ILLUMINATION, fcds  

F i g u r e  3-47* L i g h t  t r a n s f e r  
c u r v e ,  ISS 
SIN 04 (viclicon 
SIN 305 2719)  
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Figure 3-50. 1 , ig l l t  t r a n s f e r  
c u r v e 9  LSS 
SIN 07 ( v i d i c o n  
S/N 1 6 5  1402)  

F i g u r e  3-51 - T J j  ght t r a i l s f  er 
c u r v e ?  ISS 
SIN 0 8  (v id ic i )~ i  
S/N 16.5 1407)  
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SECTION IV 

SUBSYSIhM CALIBRATIONS 

The 1SS subsystem-level calibrations were designed to : 

a )  Supplement and integrate the component-level ralibration 
data discussed in Section ill. 

(13) Establish the standard performance characteristics of the 
1SS cameras. 

(c) Aid instrument parametric adjustment during fl iglit 
operations. 

(d) Enable construction of decalibration data files, which will 
be used by IPL tor data reduction during the mission. 

(e) Enable interpretation and analysis of the acquired flight 
data hy the Voyager science team members and other users. 

The subsystem-level calibrations were performed in the JPL optical 
tunnel and in the .TPL thermal -vacu~~m chamber. The environmental condi- 
tions and camera setup are described in Section IT-E. 

No support equipment, particularly the BCE (Section 11-A) and the 
light cannons (Section 1 1 - B ) ,  was used without an appropriate warmup 
period, and no radiometric calibrations were started, unless the 
vidicons were first saturated and then stabilized for at least 
15 frames. The light cannons were calibrated and operated as described 
in Section 11-B-3, and all outside lights were turned off during the 
calibrations to prevent unwanted glare. All calibrations were recorded 
on magnetic tapes, which are stored at IPL together with their accom- 
panying log sheets. 

All radiometric datd contained in this document have been 
corrected for both the long-term and short-term brightness drift of the 
light cannons (see Section 11-B-3); and the shading offset corrections 
for the narrow-angle camera field-of-view (annulus) have been included, 
as described in Section IT-B-2. However, to make a meaningful compari- 
son of the therma L-vacuum and bench-calibration resul ts , adj ustmenLs 
for the spectral transmission loss of the chamber window will have to 
be included (see Figure 2-33 and Table 2-5 in Section 11-E). These 
corrections will be automatically incorporated in the final IPL decali- 
bration program. 

The ISS cameras can be operated in the following modes: 

(a) Low or high gain. 

(b) Automatic light flooding on or off. 



( c )  Scan r a t e  1:l. 2:1. 3:1. 5:1, o r  1 0 : l .  

(d) Sinnil t aneous  exposu re s .  

( e )  I n - f l - i gh t  c a l i b r a t i o n  lamps ,  

( f )  Tmng exposu re s .  

( g )  E i g h t  f i l t e r  p o s i t i o n s ,  

( 1 1 )  EdiL mode 3 / 4 ,  1 / 2 ,  1 / 3 ,  1 / 5 ,  and 1 / 1 0 .  

With t h e  e x c e p t i o n  of  t h e  long-exposure mode and t-he e d i t  mode, a l l  
t h e s e  modes wore t e s t e d  <ind c a l i b r a t e d ,  and  lie r e s u l t s  o b t a i n e d  a r e  
d e s c r i b e d  i n  t h i s  s e c t i o n .  

The long-exposure  mode was n o t  i nc luded  i n  t h e  c a l i b r a t i o n  
r e q u i  remenis  because  i t  would be p r o h i b  i t i v e l y  time-consuriiing <ind ,  
moreover ,  i t  w i l l  be  used on ly  f o r  CI few s p e c i a l  a p p l i c a t i o n s ,  such  a s  
t a k i n g  p i c t u r e s  of t h e  d a r k  s i d e  of t h e  p l a n e t  and sodium-D f i l t e r  
photography .  

The e d i t  mode d i d  n o t  r e q u i r e  any s p e c i a l  c a l i b r a t i o n s  a t  a l l  
because  i t  c o n s i s t s  of segments  of r e g u l a r  f u l l  f rames  and t h e r e f o r e  
does  n o t  a f f e c t  t h e  r a d i o m e t r i c ,  g e o m e t r i c ,  o r  o p t i c a l  c h a r a c t e r i s t i c s  
of t h e  ISS images.  

The l i g h t - f l o o d - o f f  mode is  n o t  c o n s i d e r e d  f o r  t h e  Voyager m i s s i o n  
a t  a l l ,  b u t  i t  was t e s t e d  a s  p a r t  of t h e  beam bending  ( S e c t i o n  IV-B-4)  
and s t a r  s i m u l a t i o n  ( S e c t i o n  IV-C-  2 )  c a l i b r a t i o n s .  

To avo id  any m i s u n d e r s t a n d i n g s ,  t h e  r e a d e r  shou ld  assume t h a t  a l l  
t e s t s  and c a l i b r a t i o n s  were performed on t h e  o p t i c a l  bench in. t h e  
f o l l o w i n g  modes, u n l e s s  s p e c i f i c a l l y  mentioned o t h e r w i s e :  

( a )  Low g a i n .  

( b )  Automatic  l i g h t  f l o o d i n g  on.  

( c )  Scan r a t e ,  1:l. 

(d )  Norma 1 exposu re .  

(e) C l e a r  f i l t e r .  

Re fe r ence  is  o f t e n  made to  s u b a r e a s  1 t o  5 of t h e  ISS images.  These 
s u b a r e a s  a r e  e x p l a i n e d  i n  S e c t i o n  TV-A-1-a, and  t h e  u s e r  shou ld  become 
fami l i a r  w i t h  them. 



A. RADIOMETRIC CALIBRATIONS 

The MJS 1977-ISS c a l i b r a t i o n  requi rement  document (Reference  2-1) 
c a l l s  s p e c i f i c a l l y  f o r  c a l i b r a t i o n s  t o  be performed i n  r a d i o m e t r i c  
u n i t s  (w/c~'--ster) . However, because  of  t h e  l i m i t a t i o n s  of t h e  a v a i l -  
a b l e  hardware,  a s  w e l l  a s  f o r  o t h e r  t e c h n i c a l  r e a s o n s ,  i t  was n e c e s s a r y  
t o  u s e  t h e  pho tomet r i c  u n i t s  (fL and f L s ) ,  t he  same a s  For a l l  p rev ious  
f l i g h t  p r o j e c t s .  Th i s  d i sc repancy  w a s  r e so lved  by d e f i n i n g  and ca l cu -  
l a t i n g  t h e  conve r s ion  f a c i o r s  from t h e  photometr ic  t o  t h e  r e q u i r e d  
r a d i o m e t r i c  u n i t s .  

L e t  u s  assume t h a t  a  frame was t aken  of an  o b j e c t  w i t h  a  par-  
t i c u l a r  f i l t e r  and exposure  t ime .  The number of fLs  cor responding  t o  
each  o u t p u t  DN p e r  p i x e l  of t h e  frame can be found v i a  t h e  l i g h t -  
t r a n s f e r  f u n c t i o n  cu rve  f o r  t h a t  f i l t e r .  

A conve r s ion  f a c t o r  h a s  been c a l c u l a t e d  f o r  each  f i l t e r  p o s i t i o n  
from a v a i l a b l e  component c a l i b r a t i o n  d a t a ,  which t r ans fo rms  t h e  fLs  
p e r  p i x e l  t o  t h e  r a d i a n c e  of t h e  o b j e c t  p e r  p i x e l  averaged over  t h e  
s p e c t r a l  r e sponse  of t h e  system. 

N = r a d i a n c e  o f  o b j e c t  f o r  a  p a w i c u l a r  p i x e l  (w/cm2-ster-nm) 

TA 
= s p e c t r a l  t r a n s m i s s i o n  of t h e  o p t i c s  ( r ange  from 0 t o  1) 

FA 
= s p e c t r a l  t r a n s m i s s i o n  of t h e  f i l t e r  ( r ange  from 0 t o  I )  

S = r e l a t i v e  v i d i c o n  s p e c t r a l  r e sponse  (normalized a t  555 nm) 
A 

A t  = exposure  t ime of t h e  frame ( s )  

fLs  = foot-Lambert-seconds p e r  p i x e l  

f / #  = f o c a l  r a t i o  of t h e  I S S  camera ( 3 . 5  f o r  wide-angle' and 
8 . 5  f o r  narrow-angl e  cameras)  

= conve r s ion  f a c t o r  (w-sec / r rn2 - f~s )  

t h e n  



It should  be no ted  t-kcit t h e  r e l a t i v e  v i d i c o n  r e sponse  cu rve  i s  
de termined t o  o n l y  two s i g n i f i c a n t  f i g u r e s ,  which is t h e  l i m i t i n g  
accuracy  of t h e  r a d i o m e t r i c  d e c a l i  b r a t  i o n s .  

Table  4-1 l i s t s  t h e  conve r s ion  f a c t o r s ,  Â£, which have been ca l - -  
c u l a t e d  f o r  each  f i l t e r  p o s i t i o n  of t h e  f l i g h t  I S S  cameras.  Inasmuch 
a s  a l l  mi s s ion  p l ann ing  and d a t a  p r o c e s s i n g  w i l l  be  done i n  r a d i o m e t r i c  
u n i t s ,  t h e  conve r s ion  f a c t o r s  have become an  i n t e g r a l  p a r t  of  the IPL 
d e c a l i b r a t i o n  f i l e s  and w i l l  b e  used c o n s i s t e n t l y  throughout  t h e  mis s ion .  

A p p l i c a t i o n  of t h e  conve r s ion  f a c t o r s  i s  a  compl ica ted  and complex 
p r o c e s s ;  t h e r e f o r e ,  t o  avoid  any misunde r s t and ing  o r  c o n f u s i o n ,  t h e  
fo l lowing  should  be no ted :  

( a )  The f / / /  of  t h e  p rope r  o p t i c s  and t h e  exposure  t i m e  i n  
seconds  of t h e  p a r t i c u l a r  frame under c o n s i d e r a t i o n  must 
be used .  

2 (b)  ~ i / 4 ( f  / # )  h a s  u n i t s  of s t e r a d i - a n s ,  which i n t r o d u c e s  t h e s e  
u n i t s  i n t o  E q .  (1)  

( c )  Ni is  i n t e g r a t e d  over A .  L e t  u s  assume t h a t  t h e  r e l a t i v e  
s p e c t r a l  shape of NA is  t h e  same a s  t h e  r e l a t i v e  s p e c t r a l  
shape  nA of t h e  Sun, normal ized  a t  X = 555 nm. Also ,  l e t  
NO be d e f i n e d  a s  t h e  a b s o l u t e  r a d i a n c e  of  t h e  o b j e c t  a t  t h e  
same wavelength .  Then; 

Table  4-1. Conversion f a c t o r s  C, from pho tomet r i c  
t o  r a d i o m e t r i c  u n i t s  

-- - -  - - p - ~  ~p 
- - 

Convci-s ion  f a c t o r s  < (w-s/cm"-f1.s) 
~ . ~ -- - ~ -  



Equat ion  ( 2 )  can b e  so lved  a s  f o l l o w s :  

where n T F s d i  h a s  been c a l c u l a t e d  for each  camera and 
/ ^ X X  

f i l t e r  p o s i t i o n  i n  t h e  nm u n i t s .  

- - ^ L e t  Ks - 
2 

650 
(W-s/cm -s ter-mn-fLs) 

where 

lZs 
= s o l a r  conve r s ion  f a c t o r s  l i s t e d  i n  Tab le  [I-2 

fLs  = number of f L s  p e r  p i x e l  ob ta ined  f r o m  t h e  c a l i -  
b r a t e d  l i g h t  t r a n s f e r  cu rves  as a f u n c t i o n  of 
t h e  raw DN o u t p u t  

A t  = exposure  time i n  seconds  

The v a l u e  of N c a l c u l a t e d  from Eq. (3) can now be  s u b s t i -  
0 

t u t e d  i n t o  E q .  ( 2 )  t o  get t h e  f i n a l  d e s i r e d  v a l u e  of N X ' 



T a b l e  4-2 .  S o l ~ r  conve r s ion  f a c t o r s  K 
s 

- 

Solar convc ' r s ion  f a r t o r s  
2 

I< (W-s/cm -ster-iiiii-1'Ls) a t  A = 555 nm 

U 4 N . A .  8.75h;-9 8.48E-9 6 .1fE-9  N.A. 9.65E-9 K.A.  1.04E-8 

0 5  6.9JiE-9 4.501Ã‘ 7.92E-9 1.04E-3 6.94E-9 9.78E-9 9.78E-9 1 .09E-9 

06 N.A. 8.81E-9 8.81E-9 6.29E-9 N . A .  1 .52E-8  N . A .  I .O ' iE -8  

07  6 .  881':-9 4.60E-9 7.92E-9 1.051-8 6.88E-9 9.70E-9 9.75E-9 1 . 0 9  E-9 

1. Fl  a t - F i e l d  L igh t  T rans fe r  

The purpose  of t h e  l i g h t - t r a n s f e r  f u n c t i o n  and shad ing  c a l i b r a -  
t i o n s  i s  t o  de termine  t h e  s e n s i t i v i t y  of t h e  TSS cameras,  t h e  l i n e a r i t y  
of t h e i r  r e sponse  and t h e i r  shad ing  c h a r a c t e r i s t i c s  a s  a  f u n c t i o n  of 
t h e  exposure  l e v e l  i n  d i f f e r e n t  o p e r a t i o n a l  modes and under v a r i o u s  
envi ronmenta l  c o n d i t i o n s .  

:I. Vidicon S p a t i a l  S e n s i t i v i t y .  - -- The s e n s i t i v i t y  of t h e  I S S  
v i d i c o n s  a t  each  p ixe l  can be examined by t a k i n g  a  s e t  of f l a t - f i e l d  
images s t a r t  i ng  w i t h  d a r k  c u r r e n t  and i n c r e a s i n g  t h e  b r i g h t n e s s  u n t i l  
s a t u r a t i o n  i s  reached.  

Because of l i m i t e d  c a p a c i t y  of t h e  magnet ic  t a p e s ,  a  s e t  of  
10 images was t y p i c a l l y  exposed;  i. e .  , dark  c u r r e n t  p l u s  n i n e  1 e v e l s  
e q u a l l y  spaced between t h e  d a r k  c u r r e n t  and s a t u r a t i o n .  The v a r i a b l e  
s h u t t e r  method was u s e d f l h e  b r i g h t n e s s  of t h e  l i g h t  cannon was kep t  
c o n s t a n t  w h i l e  t h e  s h u t t e r  t ime was g r a d u a l l y  i n c r e a s e d  u n t i l  t h e  
sequence was completed.  

The f u n c t i o n  so  d e r i v e d  i s  r e f e r r e d  t o  a s  t h e  l i g h t - t r a n s f e r  
f u n c t i o n  and p rov ides  s u f f i c i e n t  i n fo rma t ion  t o  de t e rmine  t h e  r ad io -  
m e t r i c  r e sponse  of t h e  I S S  cameras over  t h e  s p e c t r a l  bandpass of t h e  
f i l t e r  be ing  used .  

Th i s  f u n c t i o n ,  a l t h o u g h  a v a i l a b l e  a t  each  p i x e l  f o r  d e c a l i -  
b r a t i o n ,  i s  f r e q u e n t l y  d i s p l a y e d  by ave rag ing  ove r  f i v e  100 x  100 p i x e l  
a r e a s  of t h e  v i d i c o n .  F i g u r e  4-1 shows t h e  f i v e  s e l e c t e d  suba reas  which 
were used  f o r  t h e  purpose  of  t h i s  r e p o r t .  



SCAN LINE 
DIRECTION 

L 350, S 350 

F i g u r e  4-1.  Subareas  1 t o  5 of TSS v i d i c o n s  
used  f o r  l i g h t - t r a n s f e r  funcLion  
a n a l y s i s  

F i g u r e s  4-2 t o  4-5 show plots of the c l e a r - f i l t e r  l i g h t  - 
t r a n s f e r  f u n c t i o n s  of t h e  f l i g h t  I S S  cameras .  Vid icon  shad ing  and 
s p a t i a l  s e n s i t i v i t y  arc e v i d e n t  by t h e  d i f f e r e n c e s  between the fu11ct ions 
f o r  t h e  f i v e  s u b a r e a s  of t h e  same v i d i c o n .  

The spatial s e n s i t i v i t y  of t h e  TSS v i d i c o n s  can  a l s o  be 
d i s p l a y e d  by f i t t i n g  a  l i n e a r  c u r v e  t h rough  a b e r i e s  of s e l e c t e d  images 
and c r o a t i n g  p i c t u r e  of t h e  s l o p e  of t h i s  c u r v e .  

F i g u r e s  b-6 t o  4-9 i l l u s t r a t e  a d a r k - c u r r e n t  image and t h r e e  
I d t - f i e l d  images of- TSS S/N 07.  Each f l a t  f i e l d  i s  dominated by t h e  
shape  of t h e  d a r k  c u r r e n t ,  which i n  t u r n  i s  dependent  upon g a i n  and 
r e a d o u t  t ime  

F i g u r e  '1-10 shows t h e  g a i n  map, which i n d i c a t e s  h i g h e r  
s e n s i t i v i t y  Loward Llie Lop of t h e  f rame i n  a g e n e r a l  l y  r a d i a l  miinner. 
1 i g u r e  4-11 shows a dark-current image r r e a t e d  by e x ~ r c i p o l ~ ~ V i n e ;  e ach  
l i n ~ ~ ~ i r  f n t (  t i o ~ ~  hcirk to z e r o  exposu re .  I f  t h e  f u n c t i o n  were 1 i n e a r ,  
then  t h e  c r e a t e d  s y n t h e t i c  d a r k  currci-it image s l ~ o u l d  c l o q e l v  approximate  
t IIP t r u e  d."rk c u r r e n t ,  2nd Lt~e rdLio  of the  two imciges s l iould h e  1, o r  
100 in  tin's t'cise, s i m e   he data have been s c a l e d .  Tne accuracy  o f  t n i s  
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Figure 4-4. Light-transfer function, 
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Figure 4-5. Light-transfer function, ISS SIN 07 



F i g u r e  4 - 6 .  Dark-current image, ISS S/N 07 

4-12  



Figure 4-7 .  Flat-f ield image  (7.5 ms) , I SS S / N  07 

4-1.3 



F i g u r e  4 - 8 .  F l a t - f i e l d  image (15 ms), TSS SIN 07 
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Figure 4-9. F l a t - . f  ield image (30 ms) , 1 S S  S / N  07 



F i g u r e  4-10. Gain-map image, I S S  S I N  07 
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Figure 4-11. Created synthetic dark-rurrent image, ISS S / N  07 
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dark current is seen in Figure 4-12, which is a contrast-enhanced ratio 
of the true dark current to the synthetic current. The histogram of the 
ratioed image, third from the left below the image, has a mean 
DN = 97.23; i.e., within Â±3  of the true linearity of the light transfer- 
function. 

It would be prohibitively expensive and beyond the scope of 
this report to document the light transfer-functions of all spectral fil- 
ters of the flight ISS cameras. However, all these cases were extensively 
calibrated and analyzed, and the obtained results were included in the 
TSS decalibration files. Therefore, only the most important and 
pertinent spectral filter data were included in this document, such as 
in Section 11-B (filter spectral transmittance and filter factors), 
Section IV-A-1-b (spatial color sensitivity) and Section IV-A-6 (color 
reconstruction) . 

The required accuracy of the light-transfer functions (see 
Reference 2-1) was ?5% of half-scale signal averaged over any randomly 
selected area of 10 contiguous pixels. This requirement was consis- 
tently met for all ISS flight cameras. The radiance of the used light 
cannons was supposed to be ?5% or better of the level to produce a 
half-scale signal. This criterion was also met, as is apparent from 
the detailed discussion in Section 11-B. 

b. Spatial Color Sensitivity. ISS wide-angle camera SIN 06 
and narrow-angle camera S/N 07 were selected to illustrate the repre- 
sentative spatial dependence of color sensitivity. Images were chosen 
in two different colors (clear and another spectral filter), which had 
similar histograms. Dark currents were removed from each frame, and 
the ratios determined. 

Figures 4-13 to 4-19 show the ratios of the contrast-enhanced 
images of ISS SIN 06; and Figures 4-20 to 4-26, those of ISS SIN 07. 
Each figure is clearly marked to indicate which filter combination was 
used. The spatial dependence of color sensitivity can be expressed 
by the following formula: 

A - B  R = - - -  
C - D  

where 

R = ratio of image 

A = "other" spectral filter image 

B = dark current of A 

C = clear filter image 

D = dark current of C 



F i g u r e  4-12 .  Ratio o f  dark-current image,  ISS S I N  07 
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F i g u r e  4-13. R a t i o  of image,  ISS S/N 06:  methane  6190 
versus  clear f i l t e r  



Figure 4-14. Ratio of image, ISS S/N 06: blue versus clear Filter 
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F i g u r e  4-15. R a t i o  of image, ISS S / N  06: v i o l e t  
ve rsus  c l ea r  f i l t e r  



Figure 4-16. Ratio of image, I S S  SIN 06: sodium-D 
versus clear filter 



Figure 4-17. Ratio of  image ,  1SS SIN 06: green 
versus clear f i l t e r  



Figure 4-18. Ratio of image, ISS S/N 06: methane 
(Uranus) versus clear filter 



Figure 4-19. Ratio of image, ISS S/N 06: orange 
versus clear filter 



F i g u r e  4-20.  R a t i o  of image, I S S  SIN 0 7 :  v i o l e t  
v e r s u s  c l e a r  f il t e r  



Figure 4-21. Ratio of image, ISS S I N  0 7 :  blue 
versus clear  f i l t e r  
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F i g u r e  4 - 2 2 .  Ratio of image, ISS SIN 0 7 :  orange 
versus  c l e a r  f i l t e r  



F i g u r e  4-23. Ratio of image, ISS S I N  07: clear 
versus clear filter 



F i g u r e  4-24 .  R a t i o  of image, I S S  SIN 07:  green 
( p o s i t i o n  5) v e r s u s  clear f i l t e r  
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F i g u r e  4-25.  Ratio o f  image,  I S S  S/N 07 :  g r e e n  
( p o s i t i o n  6 )  v e r s u s  c l ea r  f i l t e r  



F i g u r e  4-26 .  R a t i o  of image, ISS S/N 07:  u l t r a v i o l e t  
v e r s u s  c l e a r  filter 



I f  t h e  r e l a t i v e  r e sponse  of each p i x e l  were t h e  same, t h e  r a t i o  would 
be e q u a l  f o r  each  p i x e l ,  which was n o t  t h e  c a s e .  Global  v a r i a t i o n s  
were p r e s e n t  i n  each  combinat ion ,  excep t  where a n o t h e r  c l e a r  f i l t e r  was 
used .  This  i n d i c a t e s  a  s l i g h t  b u t  d e f i n i t e  s p a t i a l  c o l o r  dependence. 

I t  i s  n o t  c l e a r  from F i g u r e s  4-13 t o  4-26 whether  t h e  
dependence i s  due t o  t h e  v i d i c o n ,  o r  whether  t h e  f i l t e r s  have va ry ing  
t r a n s m i s s i o n s .  I n  t h e  l a t t e r  c a s e ,  t h e  r a t i o s  would be independent  of 
l i g h t  l e v e l ;  and t h i s  h a s  been observed t o  be t h e  c a s e  f o r  a l l  f l i g h t  
cameras. Moreover, v i d i c o n s  have n o t  shown s c a l e  v a r i a t i o n s  of t h i s  
magnitude i n  t h e  p a s t ,  s o  t h a t  i t  i s  e a s i e r  t o  b e l i e v e  t h a t  t hey  a r e  due 
t o  t h e  s p e c t r a l  f i l t e r s  r a t h e r  t han  t o  t h e  v i d i c o n s .  

The c o l o r  s e n s i t i v i t y  i s  s u f f i c i e n t  t o  r e q u i r e  a  s e p a r a t e  
d e c a l i b r a t i o n  f i l e  f o r  each  s p e c t r a l  f i l t e r ,  which h a s  been done, b u t  
n o t  g r o s s  enough t o  cause  concern abou t  t h e  q u a l i t y  of t h e  image i t s e l f .  

c .  Temperature Dependence. The ISS v i d i c o n  r e sponse  i s  
temperature-dependent .  Th i s  dependence i s  a  f u n c t i o n  of g a i n  and d a r k  
c u r r e n t ,  b o t h  of which a r e  p r o p o r t i o n a l  w i t h  t empera tu re  ( v i d i c o n  
t empera tu re  was used f o r  t h e  purpose  of t h i s  a n a l y s i s ) .  

F i g u r e s  4-27(a) t o  ( f )  show t h i s  e f f e c t .  A f u n c t i o n a l  
r e l a t i o n  of t h e  form below i s  a  good model f o r  t empera tu re  v a r i a t i o n s  
over  t h e  o p e r a t i n g  r ange  of t h e  ISS cameras:  

where 

DN and DN = d a t a  numbers a t  t empera tu re s  T  and T  
T2 TI 2  1 

DC and DC = d a r k  c u r r e n t s  a t  t empera tu re s  T  and T  
T2 TI 2  1 

k = p r o p o r t i o n a l i t y  c o n s t a n t  

When t h e  D N s  a r e  n e a r  z e r o ,  t h e  d i f f e r e n c e  is  due p r i m a r i l y  t o  d a r k  
c u r r e n t s ,  whereas,  a t  h i g h  D N s ,  i t  i s  due most ly  t o  ga in .  I f  e n t i r e l y  
ignored ,  a  t empera tu re  d i f f e r e n c e  of 25OC could  cause  an  e r r o r  i n  t h e  
e s t i m a t e  of o b j e c t  r a d i a n c e  by 207 a t  mid s c a l e .  

F i g u r e  4-28 shows f o u r  l i g h t - t r a n s f e r  cu rves  f o r  subarea  5 of 
t h e  ISS S/N 05 camera i n  t h e  c l e a r  f i l t e r  p o s i t i o n  and low--gain s t a t e .  
They were measured a t  t h r e e  d i f f e r e n t  t empera tu re s  (+26OC, 4 -5 '~  and 
-7OC) i n  t h e  thermal-vacuum chamber and a t  room tempera ture  (+2Z0C) on 
t h e  o p t i c a l  bench i n  t h e  JPL o p t i c a l  t u n n e l .  The comparison of t h e s e  
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THERMAL - VACUUM CHAM' 
---- BENCH 3 I 

Figure 4 -28. Comparison of thermal- 
vacuum chamber and bench 
light-transfer curves, 
TSS S / N  05 

curves was made possible by applying the spectral LransmiLtancc data of 
the thermal-vacuum chamber quartz window11 ( s o c  Section 11-E for further 
details). Figure 4-28 can also lie used to demonstrate how E q .  (4) may 
be utilized. 

First, it is necessary to determine the proportionality 
constant k. The following values were derived at 40 f L s :  

Hence 

S e e  "Thermal-Vacuum Chamber Window Filter Factors" by J. Mother, JPL 
IOM 324-I~~/S1~~-77/234, November 2, 1977. 



To p r e d i c t  t h e  v a l u e  of DN a t  100  fLs, one  c a n  o b t a i n  t h e  f o l l o w i n g  
- 7 r e l a t i o n  

T h i s  a g r e e s  v e r y  w e l l  w i t h  the p l o t t e d  d a t a ,  b u t  a  more u s e f u l  a p p l i c a -  
t i o n  would b e  t o  p r e d i c t  the l i g h t - t r a n s f e r  f u n c t i o n  f o r  an u n c a l i b r a t e d  
t empera tu re .  Al though +SÂ°  was c a l i b r a t e d ,  i t  is used  h e r e  for 
i l l u s t r a t i o n .  

At 100  f L s ,  t h e  p r e d i c t e d  v a l u e  f o r  + 5 O C  i s  

S i m i l a r l y ,  a t  20 f L s ,  

Both of  t h e s e  v a l u e s  agree remarkably  w i t h  t h e  a c t u a l  test r e s u l t s  i n  
F i g u r e  4-28. 

d o  Gain D e p e n d e s .  Two p o b s i b l e  g a i n  s t a t e s  a r e  b u i l t  i x t u  
t h e  I S S  v i d i c o n  s u p p o r t  e l e c t r o n i c s :  t h e  low-gain s t a t e  and t h e  high- 
g a i n  s t a t e .  The h igh -ga in  s t a t e  is o b t a i n e d  by a m p l i f y i n g  t h e  s i g n a l  
as  i t  i s  r e a d  o u t  from t h e  v i d i c o n  i n  the normal low-gain c o n d i t i o n .  

The d a t a  numbers r e c e i v e d  a t  low g a i n  (DNo) and a t  high g a i n  
(DN)  can  be modelled as:  

w h e r e  

S = v i d i c o n  s i g n a l  o u t p u t  

8 = a m p l i f y i n g  const:;int 

K = a d d i t i v e  constrant 



EquaLiorifc, (5) and ( 6 )  ?̂ -in be- combined t o  g i v e  r e l a t i o n  ( 7 )  between t h e  
t v o  g d i n  s r - a t e s ;  

T t  s hou ld  a l s o  be n o t e d  t h a t  t l ie  D N s  i n c l u d e  t h e  d a r k - c u r r e n t  p e d e s t a l .  
The consLanLs g and I< a r e  l i s t e d  i n  Tab le  4-3  f o r  t h e  ISS f l i g h t  cam- 
e r a s .  The g a i n  dependence I t s e l f  i s  shovm i n  F i g u r e  4-29 f o r  ISS SIN 
03 t o  08. 

T t  i s  e v i d e n t  from t h e  n a t u r e  of t h e  sys tem t h a t  random n o i s e  
i s  a l s o  a m p l i f i e d  by a p p r o x i m a t e l y  t h e  same r a t i o ,  a lLhough t h e  q u a n t i z a -  
t i o n  n o i s e  i s  n o t .  Th i s  p e c u l i a r i t y  shou ld  b e  t a k e n  i n t o  accoun t  bet-ore 
a p p l i c a t i o n s  of the h igh -ga in  s t a t e  a r e  c - o n s i d e r ~ d  d u r i n g  t h e  m i s s i o n .  

p a  Scan-?a te  -- - Dependence. The I S S  v i d i c o n s  c a n ,  f o r  r e lC%t . i ve iy  
s h o r t  Lime p e r i o d s ,  , i c t  a s  s t o r a g e  d e v i c e s  f o r  imaging d a t d .  T h i s  capa-  
b i l i t y  i s  used  t o  minimize t h e  need f o r  t h e  s p a c e c r a f t  r e c o r d e r ,  a s  l o n g  
;is the  t ime  r e q u i r e d  t o  s t o r e  t h e  linage is <. ' i S O  s. 

The v i d i c o n s  r a n  o p e r a t e  a t  f i v e  d i f f e r e n t  r e a d o u t  ( s can )  
r a t e s ,  namely 1 : 1 ,  2 :1 ,  3 :1 ,  5 : 1 ,  and 1 0 : l .  Each p a r t i c u l a r  scan  s t a t e  
d e t e r m i n e s  t h e  franc t ime  d u r i n g  v h i c h  t h e  v i d i c o n  i s  r ead  o u t .  For  
exampl-e, 1: 1 i s  t h e  TSS r e a d o u t  t ime  of 48 s, whereas 1 0 : l  i s  t h e  l o n g e s t  
f rame t ime ,  480 s. P rov ided  t h e r e  i s  no t empora l  d e g r a d a t i o n  of t h e  
image i t s e l f ,  non -un i ty  st-:in r a t e s  w i l l  g e n e r a l l y  b e  c h a r a c t e r i z e d  o n l y  
by an i n c r e a s e  i n  d a r k - c u r r e n t  l e v e l m  

The l i g h t - t r a n s f e r  c u r v e s  I n  F i g u r e  4-30 show c l e a r l y  t h a t  
d a r k  c u r r e n t  i s  t h e  p r i n c i p d l  c ause  o f  d i f f e r e n c e s  between t h e  d i f f e r e n t  
s can  r d t e a .  Note t h a t  onc r  t h e  a p p r o p r i a t e  d a r k - c u r r e n t  p e d e s t a l  i s  
removed, t h e  1  i g h t  - t r a n s f e r  f u n c t i o n s  v e r v  c l o s e l y  o v e r l a y  e.1~11 o t h e r .  
The a p p a r e n t  compresssion aC the upper  end of t h e  f u n d i o n s  can  be  par -  
t i a l l y  e x p l a i n e d  as  b e i n g  caused  b y  t h e  n u n l i n e a r i t v  of t he  ISSs  iit 
h i g h e r  DNs. However, e m p i r i c a l  r e s u l t s  i n d i c a t e  s m a l l  temporal  e f f e c t  
a s  we1 1 

Tab l e  4-3.  High-gain c o n s t a n t s ,  a, 3rd  K, 
I S S  S / N  04 t o  07  
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A 1 i n e a r  cxprcbbion  t h a t  p rov ides  a n  adequa te  model i s  : 

where 

D N ,  DN = d a t a  numbers a t  scan  r a t e  1: 1 and N : l  
N 

DC DC = d<-irk c n r r c n t  a t  s c m  r a t e  1:l and N: 1 
l 9  N 

i, b  = mull i p l i c a t  i v e  c o n s t a n t s  ( t y p i c a l l y  a % 10-4 and b 1) 

= p i c t u r e  1 i ne  number 

Adequate ear th-based  d a t a  a r e  a v a i l a b l e  t o  c h a r a c t e r i z e  t h e  
r e sponse  of t h e  I S S  v i d i c o n s  f o r  d i f f e r e n t  scan  r a t e s ,  s o  t h a t  t h e r e  is  
no s p e c i f i c  requi rement  t o  p r o v i d e  a formula such  a s  t h e  one above. 
However, should t h e  system re sponse  change s i g ~ i f i c a n t l  y from t h e  e a r t h -  
based  c a l i b r a t i o n s  d u r i n g  t h e  mis s ion ,  t h e r e  a r e  no d i r e c t  ways a t  
p r e s e n t  t o  r e c a l  i b r a t e  t h e  TSS cameras f o r  o i l ie r  t han  t h e  1:l scan  r a t e .  
In t h i s  s i t u a t i o n ,  a formula such  ds t h e  one above would have t o  be  used 

2 .  L i g h t  Leaks 

The purpose  of t h e  l i g h t  l e a k  t e s t  was t o  measure t h e  amount of  
l i g h t  r each ing  t h e  v i d i c o n  f a c e p l a t e  through a  f u l l y  assembled camera, 
when t h e  s h u t t e r  was c l o s e d .  T h e  l i g h t  l e a k  t e s t  was performed f o r  a l l  
I S S  cameras on t h e  Abkania o p t i c a l  bench i n  t h e  .TPL o p t i c a l  t u n n e l .  

The on-axis  l i g h t  l e a k  w a s  t e s t e d  w i t h  t h e  l i g h t  cannon p o i n t i n g  
d i r e c t 1  y i n t o  t h e  t e l e s c o p e  a long  i t s  o p t - ~ c a l  a x i s .  The 30-cm l i g h t  
cannon No. J was used f o r  t h e  narrow-angle cameras;  t h e  13-crn l i g h t  
cannon, f o r  t h e  wide-angle cameras;  and t h e  b r i g h t n e s s  was a t  l e a s t  
7,000 fL. The o f f - a x i s  t e s t  u t i l i z e d  m u l t i p l e  500-W f l o o d l i g h t s  
s t r a d d l t n g  the  mounting s u r f a c e  between t h e  t e l e s c o p e  and t h e  camera 
head.  

The fo l lowing  p rocedure ,  which i s  d e s c r i b e d  i n  d e t a i l  i n  Refer -  
ence  4-1, WAS des igned f o r  t h e  t e s t :  

( a )  L igh t  f l o o d  on, h i g h - g a i n  s t a t e ,  s h u t t e r  i n h i b i t e d :  
s t a b i l i z e  t h e  dark-current ,  v ideo  s i g n a l  f o r  a t  l e a s t  
1 5  f rames .  

b )  Record a da rk -cu r ren t  frame w i t h  t h e  camera f u l l y  covered 
and a l l  l i g h t s  o u t .  



( c )  Record a  da rk -cu r ren t  frame w i t h  t h e  camera uncovered and 
f u l l y  i l l u m i n a t e d  ( e i t h e r  on-axis  o r  o f f - a x i s ) .  

(d)  Repeat  s t e p  ( b ) .  

I t  i s  obvious  t h a t  any d i f f e r e n c e  i n  v ideo  l e v e l  o u t p u t  between 
t h e  i l l u m i n a t e d  and non- i l luminated  f rames ,  which r e p r e s e n t  t h e  dark-  
c u r r e n t  r e f e r e n c e  p e d e s t a l ,  would i n d i c a t e  t h e  p re sence  of a  l i g h t  l e a k .  

The ob ta ined  d a r k - c u r r e n t  f rames  were processed  by IPL f o r  f i v e  
100 x 100 p i x e l  a r e a s ,  as exp la ined  i n  F i g u r e  4-1, and Tab le  4-4 
d e s c r i b e s  t h e  co r re spond ing  l i g h t  l e a k s  as pe rcen tage  of t h e  da rk -cu r ren t  
r e f e r e n c e  p e d e s t a l .  The requi rement  i n  Reference  2-1 f o r  l i g h t  l e a k  
d e t e c t a b l i t y  of  10.1Z of t h e  da rk  c u r r e n t  t u rned  o u t  t o  be u n r e a l i s t j c  
because  t h e  s t a n d a r d  e r r o r  of IPT, p r o c e s s i n g  may be a s  h i g h  a s  46% 
( e s p e c i a l l y  i n  a r e a s  1 and 2 )  and t h e  d a r k  c u r r e n t  i t s e l f  may f l u c t u a t e  
up t o  Â±2  between S t e p s  ( 2 )  and ( 4 ) .  

However, a s  can  be seen  from Tab le  4-4, t h e  d i f f e r e n c e s  between 
i h e  i l l u m i n a t e d  and non- i l luminated  f rames  l i e  w e l l  w i t h i n  ?2%; and i t  
a n  t h e r e f o r e  be s a f e l y  concluded t h a t  t h e  1SS cameras a r e  Cree from 
any d e t e c t a b l e  l i g h t  l e a k .  T t  should  a l s o  be r e a l i z e d  t h a t  t h e  tests 
were performed i n  t h e  lligh-gain s t a t e  and t h a t  t h e  l i g h t - s o u r c e  l e v e l s  
were d e l i b e r a t e l y  v e r y  h i g h  (approximate1 y 7 ,000  fL, which i s  a t  l e a s t  
10  t i m e s  t h e  maximum amount of  l i g h t  t h a t  can  b e  expected  d u r i n g  t h e  
m i s s i o n ) .  T h i s  means t h a t ,  i n  t h e  low-gain s t a t e  and under normal 
o p e r a t i o n a l  c o n d i t i o n s ,  t h e  l i g h t  leak w i l l  be p r a c t i c a l l y  z e r o ,  o r  
r a t h e r  wi t l r in  t h e  d a r k - c u r r e n t  f l u c t u a t i o n s .  

Tab le  4-4. L i g h t  l e a k  of ISS cameras 

L i g h t  L e a k ,  7; of D / c  r f f r rc . 'nc  e p e d e s t a l  

On-line 

O f f - l j  IW 

On- 1 1nc  

O f f - l i n e  

O n - l i n e  

O t  1 - l i n e  

On-1 i n c  

O f f - l  lne 

On- I 1 1 1 ~  

U l  1 - 1  JIlP 

On- 1 i nc 

0L;- l inr  

Area 
7 - 

-- 

Area 
3 

Area 
4 

Area 
5 

100.1 

99.8 

100 .9  

4 . 8 

99.0 

9 4 . 4  

1 00. 4 

99 .9  

100.0 

99.9 

L O O .  3 

99.7 

l U 0 .  0 

99 .8  

100 .9  

99 .8  

100.0 

99.5 

LOU. 3 

99.9 

1 UO. 0 

99 .9  

100.2 

99 .7  



R e c i p r o c i t y  o f  t h e  I S S  carnerds c a n  b e  d e f i n e d  a b  a  m e a s u r e  o f  
t h e i r  r a d i o m e t r i c  c o n s i s t e n c y  i . e . ,  a  f u l l y  r e c i p r o c a l  s y s t e m  p r o d u c e s  
a  c o n s t a n t  v i d e o - s i g n a l  o u t p u t  when t h e  e x p o s u r e ,  which  i s  a  f u n c t i o n  of  
t h e  c h a n g i n g  s c e n e  b r i g h t n e s s  cind s h u t t e r  t i m e ,  r e m a i n s  c o n s t a n t .  

R e c i p r o c i t y  t es t s  w e r e  performed f o r  d l 1  ISS cameras  d u r i n g  bench  
c a l i b r a t i o n s .  The c a m e r a s  were  mounted on t h e  Askani a  o p t i c a l  b e n c h ,  
t h e  30-cm l i g h t  cannon  No. 1 was used t o r  f l a t - f i e l d  i l l u m i n a t i o n  of  t h e  
nar row-angle  c a m e r a s ,  and  t h e  13-cm l i g h t  cannon  f o r  t h e  wide-angl e  
cameras .  The l i g h t  cannons  w e r e  c a r e f u l l y  c a l i b r a t e d  and o p e r a t e d  a s  
e x p l a i n e d  i n  S e c t i o n  11-B-3, p a r t i c u l c i r  a t t e n t i o n  b e i n g  g i v e n  t o  t h e  
e l i m i n a t i o n  o t  t h e  V e e d e r - r o o t - s c a l e  b a c k l a s h .  

t h e  e f f e c t  of a  s h u t t e r - t i m e  o f f s e t  would be s t r o n g e s t  f o r  t h e  
s h o r t e s t  s h u t t e r  t i m e s ,  g r a d u a l l y  becom i - n g i i n s i g n i f  i c a n t  f o r  l o n g e r  
s h u t t e r  ~ i m e s .  T h e r e f o r e ,  o n l y  s h u t t e r  t i m e s  f rom 5 t o  1 2 0  m s  were  
t e s t e d ,  w h i l e  t h e  l i g h t - c a n n o n  b r i g h t n e s s  was changed f r o m  2400 t o  
1 0 0  iL. Each t es t  was r u n  b o t h  i n  the a s r e n d i n g  and desc-ending mode, 
and t h e  e x p o s u r e  was r e c o r d e d  on a  m a g n e t i c  t a p e  f o r  TPL image 
p r o c e s s i n g .  

I n  p r e v i o u s  p r o j e c t s ,  t h e  l i g h t - c a n n u n  b r i g h t n e s s  was t a k e n  f o r  
g r a n t e d  and t h e  o b t a i n e d  v i d e o  s i g n a l  o u t p u t  was p l o t t e d  a g a i n s t  t h e  
s h u t t e r - t i m e  v a l u ~ s ,  w h i c h  i s  a n  a c c e p t a b l e  a p p r o a c h  t o  r e c i p r o c i t y  
d a t a  a n a l y s i s .  However,  t h e  l i g h t - c a n n o n  b r i g h t n e s s  d o e s  v a r y  s l  i g h t l y  
b e c a u s e  of s h o r t - t e r m  d r i f t  and  g r a p h i c a l  i n t e r p o l a t i o n  i n a c c u r a c i e s  
( s e e  S e c t i o n  TI-B-3). T h e r e f o r e ,  a new,  more a c c u r a t e  method was 
d e s i g n e d  and u s e d  f o r  t h e  1SS cameras. 

The t r u e  l i g h t - c a n n o n  b r i g h t n e s s  was deterni iner l  by ex~i-L n u m e r i c a l  
i n t e r p o l a t i o n  and d r i f t  c o r r e c t i o n ,  and t h e n  t h e  e x p o s u r e  was c a l c u l a ~ e d  
a s  a p r o d u c t  o f  t h e  b r i g h t n e s s  and s h u t t e r  Lime. It i b  obvi(3us t h a t ,  
f o r  a f u l l y  r e c i p r o c a l  s y s t e m ,  the' v i d e o  s i g ~ ~ a l / e x p o s u r e  r a t i o  ( D N / F L ~ )  
would b e  c o n s t a n t ,  i n  F i g u r e s  4-31 ( a )  t o  ( I ) ,  t h i s  r a t i o  was p l o t t e d  
f o r  t h e  component- level  o f f s e t s  ( s e e  S o c l i o n  TIT-C), c i ~ ~ d  t h e n  a n  optimum 
c u r v e  was c a l c u l a t e d  b a s e d  on subsys tem- leve l  r e c i p r o c i t y  d a t a .  

I t  s h o u l d  b e  n o t e d  t h a t  t h e  component s h u t t e r - t i m e  o f f s e t s  d i f f e r  
i n  a b s o l u t e  v a l u e s  f rom t h e  o f f s e t s  d o s c r i b e d  i n  S e c t i o n  11-C b e c a u s e  
b o t h  t h e  BCC and t h e  FDS h a v e  a  b u i l t - i n  +2.0-ms o f t s e t  t o  min imize  t h e  
a n t i r i p a t e d  n e g a t i v e  t r u e  s h u t t e r - t i m e  o f f  s e t s .  T h c r o f o r e ,  t h e  s h u i t p r -  
t i m e  o f f s e t s  i n  F i g u r e s  4-31 ( a )  t o  ( f )  and i n  tables 4-5 and 4-6 a r e  
r e s i d i i a l  o f f s e t s  which s h o u l d  b e  itddfcd t o  ~ 1 1 e  s h u t t e r - t i m e  commands 
( T a b l e  3-L1) t o  o b t a i n  t h e  t r u e  s h u t t e r  t i m e .  

Wi th  on? ~ x c ~ p t i o r i ,  t h e  r e s u l  t-s u b t . i i n e d  a r e  e x ~ o l  1 e-nt ( t l i e  
see 'mingnon-1 i n e a r i t y  o f  the c u r v e s  i s  due  t o  t h e  d e l  iber  a t e l y  e x a g g e r -  
a t e d  v e r t i c a l  s c a l e ) .  The suhsys ten i - l cvo l  r e c i p r o c i t y  t e s t s  have con- 
f i r m e d  t h e  cotvrponent r d i b r a t i o n  c o n r 1  us  i o n s  t h d ~  e a c h  s h u t t e r  lias ,1 

s y s t e m a t i c  n e g d t i v e  o f f s e t ,  which s h o u l d  b~  ons side red. I f  this i s  
d o n e -  t h e  r e c i p r o c i t y  o f  I S S  cameras  i s  o u t s t a n d i n g ,  t luvevpr ,  thi.1 
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Table 4-5 .  Comparison of ISS true shutter-time offsets 

TSS S h u t t e r  
S / Ã  SIN 

Te'npera- 
t u r e ,  

C0 

T r u e  s h u t t e r  t i m e  o f f s e t  w i t h  r e s p e c t  t o  
normcil i o m a n d  ( i n c l u d e s  BCE/rDS o f f  s e t ) ,  ms 

Kec i proc i L y 
Component 

( s u b s y s t e m )  Average  
ral  i b r a t  i o n  

c a l i b r a t i o n  

+0.10 0.01 Poor r ec ip roc  i L y  

40.66 0.02 +O.b6 +0.06 +0.66 Â±O.O/ 

Table 4-6 .  True shutter-time offsets, ISS S/N 06 

TSS Teiiipera- Nor~nal  
S h u t t e r  

S/K SIN Cure ,  command, 
"C 111s 

l r u e  s h u t  t o r  Lime o f f s e t  
( i n c l u d e h  BCE/FDS o f f s e t ) ,  ms 

R e c i p r o c i t y  
Component 

( s u b s y s t e m )  
~ d l  i b r a t i o n  

caJ i b r a t  ion 



s h u t t e r - t i m e  comiands may be- cons ide red  a c c e p t a b  Le f o r  m o s ~  p r a c t i c a l  
pu rposes ,  because  of t h e  b u i ~ l t - i n  +2.0-iiis o f f s e t .  

The romporicni-level s h u t t e r  - t ime o f f  s e t s  and t h e  r e c i p ~ u c i  ty 
subsys t em- leve l  o f f s e t s  a r e  compared i n  fable1 4-5. I b e i r  d i f f e r e n c e s  
can  be  c o n s i d e r e d  a s  random d i f f e r e n c e s  r e s u l t i n g  fron g e n e r a l  i naccu ra -  
c i e s  of t h e  e n t i r e  bench c - < l l i b r a t i o n  environment  and i n p u t .  Aq can  b e  
s e e n ,  t h e  measur ing  accu racy  of i n d i v i d u a l  o f f s e t s  was kep t  w e l l  w i t h i n  
t h e  +5% s h u t t e r - t i m e  r equ i r emen t  ( s e c  Reference  2-11, 

The o n l y  e x c e p t i o n  i s  iSS SIN 06 ,  which h a s  a. r a t h e r  poor r e c i p r o c -  
i t y ,  a s  documented i n  F i g u r e  "t-"i (d)  2nd ' t ab l e  4-6. These r e s u l t s  a r e  
based  on t h r e e  independent  tebLs  performed ove r  a  p e r i o d  of  t ime ,  and i n  
each c a s e  t h e  o f f s e t s  were a lmost  i d e n t i c a l .  T h i s  means t h a t ,  i n  t h i s  
p a r t i c u l a r  c a s e ,  t h e  o f f s e t s  a r e  d i f f e r e n t  f o r  each  s h u t t e r  t ime,  and 
t h e y  d e f i n i t e l y  should  b e  used f o r  a l l  s h u t t e r  t imes  below 120 ms. 

Knowledge of s h u t t e r -  t ime o f f s e t s  i s  impor tan t  f o r  a n a l y s e s  of 
c a l i b r a t i o n  d a t a .  The o f f s e t s  w i l l  a l s o  be used  by IPL f o r  TSS camera 
p r o d u c t s  d e c a l i b r a t j o n ,  d e f i n i t e l y  f o r  s h u t t e r  t imes  from 5 t o  60 m s .  
However, new o f f s e t  v a l u e s  w i l L  have t o  be de termined  a 5  p a r t  of t h e  
i n - f l i g h t  c a l i b r a t i o n s  because  t h e  s h u t t e r  performance may he  d i f f e r e n t  
i n  vacuum under  f l i g h t  c o n d i t i o n s ,  where Lhe i n f l u e n c e  of  t h e  e a r t h ' s  
g r a v i t a t i o n a l  environment  i s  n o t  p r e s e n t  . 

No r e c i p r o c i t y  t e s t s  were performed i n  t h e  thermal-vacuum chamber, 
b u t  t h e  a n a l y s i s  o f  t h e  l i g h t - t r a n s f e r  c u r v e s  i n d i c a t e s  t h a t  t h e  s h u t t e r -  
b l a d e  bounce,  which u s u a l l y  occu r s  d u r i n g  f r e e z i n g  t e m p e r a t u r e s ,  docs  
n o t  r e a c h  i n t o  t h e  a c t i v e  v i d i c o n  format  ( s e e  S e c t i o n s  1 1 1 - C  and I V - A - I ) .  
However, t o  be s a f e ,  o p e r a t i o n a l  t empera tu re s  below -5 'C should  be 
avo ided ,  i f  a t  a n  p o s s i b l e .  

4 .  Dark-Current Bui ldup  (S imula t ion  of  S imul taneous  ~ x p o s u r e s )  

A new f e a t u r e  o f  t h e  ISS cameras i s  t h a t  i t  i s  p o s s i b l e  t o  s h u t t e r  
b o t h  t h e  wide- and narrow-ang Le cameras s i m u l t a n e o u s l y .  Once t h i s  o c c u r s ,  
t h e  narrow-angle image i s  r e a d  o u t  i n  a  normal manner, b u t  t h e  wide- 
a n g l e  image i s  t e m p o r a r i l y  s t o r e d  on t h e  v i d i c o n  d u r i n g  t h e  narrow-angle 
image r eadou t  t ime;  i . e . ,  t h e  wide-angle image is r e a d  ou t  o n l y  a f t e r  t h e  
narrow-angle camera r e a d o u t  i s  comple ted .  

I f ,  f o r  example, t h e  1SS i s  i n  t h e  1 0 : l  s c a n  r a t e  mode, t h e  Frame 
r e a d o u t  t ime f o r  t h e  narrow-angle camera i s  480 s ;  and t h e  w ide -ang le  
image is  r e t a i n e d  on t h e  v i d i c o n  d u r i n g  t h i s  t ime ,  which r e s u l t s  i n  a 
s i g n i f i c a n t  d a r k - c u r r e n t  b u i l d u p .  A f t e r  t h a t ,  it i s  r e a d  o u t  i n  t h e  
n e x t  480 s. 

It  should  b e  n o t e d ,  however, t h a t ,  f o r  t h e  1SS bench c a l i b r a t i o n s ,  
t h e  BCE d i d  n o t  have t h e  c a p a b i l i t y  t o  command t h e  narrow-angle/  
wide-angle camera s imu l t aneous  exposu re s ,  b u t  i t  cou ld  s i m u l a t e  t h e  
v i d i c o n  image s t o r a g e  of t h e  wide-angle camera,  which i s  t h e  same t h i n g  
f o r  a l l  p r a c t i c a l  pu rposes .  



EL-LJUSI? of e x t e n s i v e  1 - a l i b r a t i o n s  r e q u i r e d  t o r  t h e  o t h e r  camera 
inodes, J-t was n o t  p o s s i b l e  t o  comp1etel.y c l i ~ r d c t e r i  7e t h e  1 ig I i t -  t r a i i s C ~ r  
f u n c t  ions t o r   he wide-angl  e ccimeras i n  Lhe i r  '--iimul t aneons  exposu re  
mode. H u w ~ v e r ,  t h e r e  i s  n o L I n n ~ 1 n u s u a 1  abou t  t h i ?  mode f o r  t h e  
narrow-angle ra7nerds, whose r e s p o n s e  i s  t h e r e f o r e  c h a r a c t e r i z e d  by t h e  
o t h e r  r i i d ion i e t r i r  ~ ~ i 1  ibrd! i o n s  clesi r i b e d  i n  t h i s  r e p o r t .  

It i s  b e l i e v e d  t h a t  .1 good app rox ima t ion  t o  t h e  l i g h t - t r a n s f e r  
f u n c t i o n  of t h e  wide-angle  cameras i n  t h e i r  s imu l t aneous  exposure  mode 
w i l l  h e  t h e i r  s t a n d a r d  f l a t - f i e l d  l i g h t - t r a n s f e r  f u n c t i o n  w i t h  a  d i f f e r -  
e n t  d a r k  c u r r e n t  o r  o f r s e t ;  namely,  t h e  one de t e rmined  from t h e i r  dark-  
c u r r e n t  b u i l d u p  ~ a l i b r a i i u n s .  However, ii sshould be  p o i n t e d  o u t  t h a t  
s imu l t aneous  exposu re s  i n  t h e  h igh-ga in  s t a t e  a r e  n o t  f e a s i b l e  t o r  s c a n  
r a t e s  3 : l  and above because ,  i n  t h i s  c a s e ,  d a r k - c u r r e n t  b u i l d u p  i t s e l f  
app roaches  t h e  s a t u r a t i o n  l e v e l  o r  goes  even beyond i t .  T h i s  i s  t r u e  
t o r  any normal o p e r a t i o n d l  t e m p e r a t u r e .  

F i g u r e s  4-32 t o  4-37 show t h e  r a t i o  of a  normal  d a r k - c u r r e n t  image 
a g a i n s t  i t s  comparable  d a r k - c u r r e n t  imagt- i n  t h e  s i m u l t a n e o u s  exposu re  
mode f o r  ISS SIN 04 ( 2 : 1  low p a i n  and 5 : l  low g a i n )  and 1SS S / N  06 
( I :  1 low g a i n ,  1 : 1 h i g h  g a i n ,  3 : 1 low g a i n ,  and 10 :  1 low g a i n )  . The 
h i s t o g r a m s  a c r o s s  t h e  bo t tom of  t h e  image from l e f t  i o  r i g h t  a r e  t h e  
normal-mode d a r k  c u r r e n t ,  t h e  s i m u l t a n e o u ~ - e x p o s u r e  d a r k  c u r r e n t ,  and 
t h e  r a t i o  of t h e s e  two modes. 

Note t h e  l a r k  of shad ing  a c r o s s  t h e  image. T h i s  l a c k  would i n d i -  
c a t e  t h a t  t h e r e  i s  n o t h i n g  unusual  happening  i n  t h e  wide-angle  camera 
simultaneous exposu re  mode. The shad ing  down t h e  image i s  p robab ly  
caused  by normal  d a r k - c u r r e n t  b u i l d u p  which i s  p r e s e n t  i n  any mode. 
U n f o r t u n a t e l y ,  t h e s e  r e s u l t s  a r e  n o t  c o n c l u s i v e  because  a t  p r e s e n t  
t h e r e  i s  no d i r e c t  way t o  d e t e r m i n e  whether  o r  n o t  t h i s  s imp le  combina- 
t i o n  of  t h e  r e g u l a r  c a l i b r a t e d  d a t a  w i t h  d i f f e r e n t  d a r k  c u r r e n t s  will 
s u f f i c e .  T h i s  method, however, w i l l  b e  v e r i f i e d  d u r i n g  i n - f l i g h t  
c a l i b r a t i o n s .  

5.  I n - F l i g h t  C a l i b r a t i o n  Lamps 

Two d i  r e c t  t o o l s  a r e  p rov ided  aboa rd  t h e  Voyager s p a c e c r a f t  t o  
d e t e r m i n e  t h e  r a d i o m e t r i c  c h a r a c t e r i s t i c s  of t h e  ISS cameras d u r i n g  t h e  
m i s s i o n .  They a r e  t h e  c a l i b r a t i o n  p l a q u e  ( s e e  S e c t i o n  1V-A-8) and t h e  
i n - f l i g h t  c a l i b r a t i o n  lamps,  which a r e  d i s c u s s e d  i n  t h i s  s e c t i o n .  

T h e  l o c a t i o n  and c o n f i g u r a t i o n  of t h e  in-f 1 i g h t  c a l i b r a t i o n  lamps 
i n  t h e  ISS camera was b r i e f l y  d e s c r i b e d  i n  S e c t i o n  111. The lamps 
t hemse lves  a r e  t i n y  C a r l e y  5-V lamps ( t y p e  715 AS 1 5 ,  0 .115 A),  which 
were exposed t o  e x t e n s i v e  e l e c t r o n  r a d i a t i o n  t e s t s  b e f o r e  t h e i r  i n s t a l -  
l a t i o n  i n  t h e  cameras ( t h e  r a d i a t i o n  v a r i e d  from l. 0 x 1012 t o  1 . 4  x 
1013 e l e c t r o n s / c m 2 ) .  The t e s t s  have proved t h a t  t h e  C a r l e y  lamps a r e  
v e r y  s u i t a b l e  f o r  i n - f l i g h t  c a l i b r a t i o n  pu rposes  because  t h e  e l e c t r o n  
r a d i a t i o n  d i d  n o t  r e s u l t  i n  any measu rab l e  d e t e r i o r a t i o n  of  t h e i r  
s p e c t r a l  c h a r a c t e r i s t i c s  ( a  t y p i c a l  s p e c t r a l  i r r a d i a n c e  c u r v e  of a  
C a r l e y  lamp is shown i n  F i g u r e  4-38).  



F i g u r e  4-32. R a t i o  of s imu l t aneous  exposure  image ( s can  
r a t e  1:1, low g a i n ) ,  I S S  SIN 06 



Figure 4-33. R a t i o  of s imu l t aneous  exposu re  image (scan 
r a t e  1:1, h i g h  ga i -n) ,  I S S  S / N  06 



F i g u r e  4-34. R a t i o  of s i m u l t a n e o u s  e x p o s u r e  image ( s c a n  
r a t e  2:1, l o w  g a i n ) ,  1SS S/N 04 
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F i g u r e  4-35. R a t i o  of s imu l t aneous  exposu re  image ( s can  
r a t e  3:1, low gain), ISS SIN 06 



F i g u r e  4 -36 .  R a t i o  o f  simultaneous exposure image ( scan  
rate 5:1, low gain), I S S  S I N  04 



Figure 4-37. Ratio of simultaneous exposure i-mage, (scan 
rate 10:1, low gain), ISS SIN 06 
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WAVELENGTH, nm 

Figure 4-38. Spectral characteristics of a 
typical Carley 5-V in-flight 
calibration lamp 

It should be noted that the in-flight calibration lamps can be 
operated in two different modes: 

(a) The "vary shutter time" mode, wherein the lamps are lighted 
for the duration of the frame and the shutter regulates the 
exposure time the same as for any other regular frame. 

(b) The "vary bulb on-time" mode, wherein the shutter stays 
open and the ]-amps flash for the commanded time interval. 

Figures 4-39 (a) to (f) and 4-40 (a) to (f) show typical samples 
of ISS SIN 03 to 08 images taken through the clear filter with the in- 
flight calibration lamps used in both modes. Unfortunately, the 
reflections and mottling, which are typical, preclude the possibility of 
using the lamps to directly generate light-transfer functions to be used 
by the IPL for decalibration purposes. 

Figure 4-41 (a) to (f) is the ISS SIN 0 3  to 08 light transfer- 
curves of subarea 5 using the clear filter in both modes. These figures 
shed additional light on the possible use of these lamps for in-flight 
calibrations. Note the relative smoothness of the data; the reflections 
and mottling are not at all apparent here. Therefore, this tool will 
prove useful in determinirg the relative response of the vidicon, since 
average response is adequate for this purpose. It should also be noted 
that only a relative response function is possible because the lamps 
themselves are not calibrated. 



(a) ISS SIN 03 

Figure 4-39. Clear  f i l t e r  images using i n - f l i g h t  calibration l a m p s  
in mode 1 (vary s h u t t e r ) ,  TSS S / N  0 3  t o  08 



(b) TSS S/N 04 

F i g u r e  4-39 (contd) 
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( c )  ISS s/N 05 

F i g u r e  4-39 ( c o n t d )  
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(cl) ISS s/N 06 

F i g u r e  4-39 (contd) 
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(e) 1SS S/N 07 

Figure 4-39 (contd) 

4-66 



( f )  I S S  S/N 08 

F i g u r e  4-39 ( c o n t d )  
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(a) ISS SIN 03 

F i g u r e  4-40. Clear  f i l t e r  images u s i n g  in-flight c a l i b r a t i o n  lamps 
i n  mode 2 (vary b u l b s ) ,  ISS SIN 03 to 08 



( b )  ISS S/N 04 

F i g u r e  4-40 (contd) 



( c )  ISS SIN 05 

Figure 4-40 ( c o n t d )  
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( d )  TSS SIN 06 

F i g u r e  4--40 ( con td )  



( e )  I S S  SIN 07 

F i g u r e  4-40 ( c o n t d )  
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( f )  ISS S/N 08 

F i g u r e  4-40 (contd) 
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Fi~gure 4-41. Light-transf er curves, in-f l i.ght 
calibration lamps, I S S  S I N  0 3  to 08 
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Comparison of t h e  two modes of o p e r a t i o n  of t h e  i n - - t l i g h t  cy.iibr^i- 
t i o n  lamps makes i t  p o s s i b l e  t o  check t o r  s h u t t e r  o r  i ~ i d i c o n  malfunc- 
t i o n s .  The lamps,  i n  f a c t ,  were list-d t o  p i n p o i n t  tlie fen ' lure of LSS 
SIN 08 v i d i c o n  d u r i n g  ETR c a l i b r a t i o n s  a t  Cape C a n a v ~ r a l ,  F l o r i d a .  A s  a  
r e s u l t  of  t h i s  f a i l u r e ,  t h e  camera was r e p j a c e d  by 1SS S/N 04 s h o r t l y  
be fo re  t h e  l aunch  ( s e e  S e c t i o n  V-A) .  

Ln summary, t h e  c a l i b r a t i o n  a c t i v i t i e s  indiccn-e t h a t  t h e  i n - f l  i g h t  
c a l i b r a t i o n  lamps can  n o t  be used d i r e c t l y  Lo de t e rmine  l i g h t - t r a n s f e r  
c u r v e s  f o r  d e ~ a l i b r a t i o n s .  However, t h e y  w i l l  be used t o  moni tor  t h e  
r e l a t i v e  r e s p o n s e  of t h e  v i d i c o n  and t o  check f u r  hardware m a l f u n c t i o n s .  
In ~iiiy c a s e ,  t hey  a r e  t h e  on ly  sou rce  common t o  bo th  t h e  pre-launch and 
pos t - l aunch  imaging,  t h u s  p rov id ing  d d i r e c t  means of be fo re -  and a f t e r -  
launcli performance comparison.  The c a l i b r a t i o n  p l aque ,  d e s c r i b e d  i n  
S e c t i o n  1V-A-8, does  not  f u l l y  q u a l i f y  i n  t h i s  r e s p e c t  because  n o t  a11 
F l i g h t  cameras were c a l i b r a t e d  d u r i n g  bench c a l i b r a t i o n s .  F u r t h e r ,  t h e  
p laque  wab i l l u m i n a t e d  w i t h  a  l i g h t  cannon, whereas ,  i n  F l i g h t ,  t h e  Sun 
w i l l  be t h e  l i g l i t  sou rce .  

6 .  Color  Recons t ruc t ion  

T h i s  s e c t i o n 1  c o n t a i n s  a  b r i e f  rev iew of t h e  concep t s  of L r i -  
s t i m u l u s  v a l u e s  and c h r o m a t i c i t y  c o o r d i n a t e s ,  which a r e  used e x t e n s i v e l y  
i n  c o l o r i m e t r y  and w h l ' c h  c h a r a c t e r i z e  r h e  c o l o r  p r o p e r t i e s  of Lho 
Voyager TSS cameras. For a  more complete d i s c u s s i o n  of c o l o r i m e t r y ,  s e e  
Reference  4 - 2 .  

Because c o l o r  r e c o n s t r u c t i o n  of Voyager imagcs i s  ~i compl ex 
problem, i t  is  beyond t h e  scope of t h i s  document t o  pxplore  i t  i n  d e p t h .  
However, i t  i s  wor thwhi le  t o  review t h e  e lements  which i n f l u e n c e  and 
l i m i t  t h e  r e c o n s t r u c t i o n ,  

The Voyager ISS ca 'neras a r e  n o t  p a r t i c u l a r l y  s e n s i t i v e  in the- r e  1 
p o r t i o n  of Lhe spectrum. I n  f a c t ,  t hey  can n o t  s e e  c o l o r s  r edde r  than 
t h o s e  normal ly  cons ide red  by t h e  human eye t o  be  orange  (Q-650 nni). 

The s p e c t r a l  f i l t e r s  i n  t h e  1 S S ,  which a r e  beq t  s u i t e d  f o r  prac-  
t i c a l  c o l o r i m e t r y ,  a r e  broad band; t h i s  means t h a t  c e r t a i n  wavelengths ,  
a l t hough  d e t e c t a b l e ,  can n o t  be d i s t i n g u i s h e d  and must be approximated 
a s  t h e  dominant wavelength of" a  g iven  s p e c t r a l  f i l t e r .  



'l'hcrp. i s  a1 s o  .I :wed t o  hc ~ :onc~r i ' i ed  ;'ihont t h e  c o l o r  f i 1 . m  r e c o r d e r  
i 1. s e l  f . T h e  recordi2r a l su  w i l  L t iave pro]-I i ems s i m i l a r  t o  t h o s e  d  i s cus sed  
abovid, and i t  i s  qui te -  poaai l -~l~i" . l~i i~ i t -  may be l e s s  we.11 calLibrated.  
P o s s i b l y  t h e  most impor t an t  p r o b l e m  i s  t h e  i m p l i c i t  assumpt ion  t h a t  t h e  
rad  io ine t r ic  c h a r a c t e r i s t i c s  o r  t l ic ISS cameras a r e  known, and.  a1 thong11 
t h e  cameras a r e  cal..ibraLecl careful 1 y ,  the i n e v i t a b l e  e r r o r  s o u r c e s  a r e  
s u f f i c i e n t  t o  c a u s e  conce rn .  

Color  cdn be q u a n t i f i e d  i n  two c l o s e l y  r e l a t e d  ways. T h e  f i r s t  
way is by s p e c i r y i n g  t h e  t r i s i k n u l u s  v a l u e s  X ,  Y, and Z. Rough1 y speak-  
ing, t h e  X t r i s t i m u l ~ i s  v a l u e  i s  r e l a t e d  t o  the amount u k  r ed  l i g h t  i n  a  
c o l o r ;  Y i ?  t h e  pho top i c  c u r v e  cincl i s  r e l a t e d  t o  t h e  amount of g r e e n  
l i g h l ;  and 7, i s  t h e  amount of  b l u e  l i g h t .  The X, Y, and Z v a l u e s  a r e  
found 17y n u m e r i c a l l y  summing C ~ L  10-nin i n t e r v a l s  t h e  p roduc t  of t h e  
i l l u m i n a t i n g  1  i g h t ,  t h e  s p e c t r a l  r e f l e c t a n c e  o r  t r a n s m i t t a n c e  of t h e  
s i m p 1  e  under  s t u d y ,  and each  of t h e  t h r e e  s p e c i a l  c o l o r  mdLching fun r -  
L ions  used i n  c o l o r i m e t r y .  For t h e  Voyager cameras ,  t h e  s p e c t r a l  t r a n s -  
m i c t a ~ l r e  o f  t h e  sample WJas assumed t o  be  t h e  product  o r  t h e  s p e c t r a l  
t r a n s ~ n i  t t a n r e  of t h e  f i l t e r  , F A ,  t h e  s p e c t r a l  t r a n s m i t  Lance of t h e  
o p t i c s ,  TA, and t h e  s p e c t r a l  r e sponse  of  t h e  v i d i c o n ,  S\. Thus, 

where 

- - -  
x, y ,  z a r e  t h e  c o l o r  match ing  f u n c t i o n s  

N i s  t h e  i l l u m i n a t i n g  s o u r c e  

- 
k i s  a  n o r m a l i z i n g  f a c t o r  d e f i n e d  a s  k = 1 0 0 / ~  N y 

A A A  

The summat io i~s  were  done a t  10-nm i n t e r v a l s  from 380 nm, where t h e  c o l o r  
match iug  f u n c t i o n s  b e g i n  t o  be  nonze ro ,  t o  650 nm, where t h e  v i d i c o n  
r e s p o n s e  goes  t o  z e r o .  



The second  way  c o l o r  c an  be  qi i i - int i f ied i s  by  en1cul ; i t  i ~ i g  
e h r o m a t i c i L y  c o o r d i n a t e s  x, y, a n d  z. These  a r c  r e l a t e d  t:o t h e  t r i-  
s t  imul LLS v a l u e s  by  

C h r o m a t i c i t y  c o o r d i n a t e s  a r e  t h e  q u a n t i t i e s  p l o t t e d  f o r  e a c h  camera i n  
F i g u r e s  4-42 and 4-43. T h e s e  p l o t s  a r e  c a l l e d  the  C11', 1 9 3 1  ( x ,  y ) -  
c h r o m a t i c i t y  d i a g r a m s .  T a b l e  4-7 g i v e s  Lhe t r i s t  iniul us  v a l u e  and 
c h r o m a t i c i t y  c o o r d i n a t e s  f o r  1SS S / N  03 t o  08 u s i n g  t h e  xenon  i l l u i n i n a n t .  
Data f o r  Lhe wide-ang le  camera f i l  ier  p o s i t i o n s  0 ,  4 ,  6 a r e  l j n ~ i t e d  
b e c a u s e  d e t a i l e d  and h i g h l y  a c c u r a t e  s p e c t r a l  t r a n s m i t t a n r e  c u r v e s  a r e  
n o t  a v a i l a b l e  f o r  t h e s e  f i l t e r s  ( s e e  S e c t i o n  TTr-B). I n f o r m a t i o n  on 
n a r r o w - a n g l e  camera f i l t e r  p o s i t i o n  7 h a s  been o m i t t e d  b e c a u s e  t r i -  
s t i m u l  u s  v a l u e s  i n  t h e  u l t r a v i o l e t  a r e  n o t  d e f i n e d .  

F a b l e  4-8 g i v e s  t h e  t r i s t i m u i u s  v a l u e  and c h r o m a t i c i t y  c o o r d i n a t e s  
l o r  fSS S / N  03  t o  08 u s i n g  t h e  Dc,., j l l u m i n a n t ,  a l i g h t  s o u r c e  s i m i l a r  t o  
t h e  Sun. 

Use o f  t h i s  i n f o r m a t  ion  i s  d i f f i c u l t  and complex f o r  r e a s o n s  men- 
t i o n e d  above .  However, i L  i s  p o s s i b l e  t o  make some g e n e r a l  s t a t e m e n t s  
a b o u t  t h e  c o l o r s  t h a t  may b e  r e c o n s t r u c t i h i e .  

I f  a  t r i a n g l e  i s  c o n s t r u c t e d  be tween  t h e  r e d ,  g r e e n ,  and b l u e  
s p e c t r a l  f i l t e r s  f o r ,  s a y ,  I S S  S / N  07 ( s e e  F i g u r e  4 - 4 3 ) ,  t h e  c o l o r  s p a c e  
w i t h i n  t h i s  t r i a n g l e  r e p r e s e n t s  t h o s e  c o l o r s  which  c o l o r i m e t r y  p r e d i c t s  
c a n  b e  r e c o n s t r u c t e d .  The a v e r a g e  c o l o r  of m o s ~  o b j e c t s  o f  i n t e r e s t  t o  
Voyager l i e s  w i t h i n  t h i s  t r i a n g l e ,  a l t h o u g l ~ ,  o r  c o u r s e ,  t l i e r e  a r e  a l s o  
e x t r e m e s  t h a t  l i e  o u t s i d e .  

C o l o r s  which  l i e  o u t s i d e  t h i s  t r i a n g l e  may o r  may n o t  b e  d e t e c t -  
a b l e .  F o r  example,  c o l o r s  a round  700 nm w i l l  n o t  b e  d e t e c t a b l e  and 
h e n c e  a r e  t r e a t e d  a s  h a v i n g  z e r o  i n t e n s i t y .  However, some o t h e r  wave- 
l e n g t h s  may s t i l l  b e  d e t e c t e d  and a p p r o x i m a t e l y  r e c o n s t r u c t e d .  The 
q u a l i t y  of t h e  a p p r o x i m a t i o n  w i l l  depend upon how c l o s e  and where t h e  
c h r o m a t i c i t y  c o o r d i n a t e  t o  b e  r e c o n s t r u c t e d  i s  i n  r e l a t i o n  t o  t h e  c o l o r  
t r i a n g l e .  



CHROMATICITY COORDINATE, x 

(a) ISS SIN 03 

CHROMATICITY COORDINATE, x 

(b) ISS SIN 04 

CHROMATICITY COORDINATE, x 

(c) 1SS SIN 05 

F i g u r e  4-42. C h r o m a t i d  t y  d iagram (Xenon i l l  uminant) , 
1SS SIN 0 3  LO 08 
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CHROMATICITY COORDINATE, x 

( d )  I S S  SIN 06 

CHROMATICITY COORDINATE, x 

(f) ISS SIN 08 

CIIROMATICITY COORDINATE, x 

(e) ISS SIN 07 



CHROMATICITY COORDINATE, x 

(a) ISS S/N 03 

CHROMATICITY COORDINATE, x 

(c) TSS SIN 05 

CHROMATICITY COORDINATE, x 

(b) TSS s / N  04 

Figure 4-43.  Chromaiicity diagram ( D S 5  i l l u i n i n a n t )  
TSS S I N  03 to 08 
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( d )  T S S  S/M 06 

" 
0 0,1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 

CHROA,?ATIC!TV COORDINATE, x 

( f )  TSS S/N 08 

CHROMATICITY COORDINATE, x 

(e) 1SS S/N 07 

Figure 4-43 (contd) 
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Table 4-7. Tristimulus values and chromaticity coordinates 
(Xenon illurninant), I S S  SIN 03 to 08 

I l l  

2 6 . 1 4 6  0.2->7;0 

7 . 5 9 8 3  U . J 6 4 0 0  

I?. 1'18 0. 131 1'1 

!I. Ol ??-Of. 0.55130 

2 i i .  146 0.?577(1 

0 . 2 7 7 1  1 11.4 109 I 

0. .'f1799 0 . 4 3 2 6 9  

Sot  ava i 1 ;11>1 e 
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Fable 4-7 (contd) 



Table 
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4-8. Tristimulus values and chromaticity coord inates 
(D5* illurninant), TSS S / N  03 t o  08 
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1.8. 34 
. - 
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7 .  Noise Charac k e r i s t i c s  and Power S p e c t r a  

This  s e c t i o n  d e s c r i b e s  t h e  n o i s e  c h a r a c t e r i s t i c s  of  t h e  Voyager 
Imaging Subsystem ( ISS) .  The t echn iques  used a r e  based on F o u r i e r  
a n a l y s i s . 1 2  Although t h e  two-dimensional F o u r i e r  t r ans fo rm i s  t h e  
primary t o o l ,  one-dimensional  s p e c t r a l  p l o t s  a r e  i nc luded  t o  h e l p  i n  t h e  
d a t a  i n t e r p r e t a t i o n .  

The p rocedures  d i s c u s s e d  below p rov ide  a  RMS measure (wi thout  
v i d i c o n  s h a d i n g ) ,  of t h e  t o t a l ,  random, and p e r i o d i c  n o i s e  s i g n a l s .  
There a r e  a number of p o s s i b l e  e r r o r  s o u r c e s ,  and they  a r e  mentioned i n  
t h e  body of t h e  d i s c u s s i o n .  However, t h e s e  e r r o r s  tend t o  i n c r e a s e  t h e  
RMS n o i s e  measurements; t h e r e f o r e ,  t h e  numbers provided may b e  assumed 
t o  b e  upper bounds. 

The fo l lowing  256 x 256 a r e a s  were s e l e c t e d  f o r  a n a l y s i s :  

(1) S/N 01 and 02,  s t a r t i n g  l i n e  70,  s t a r t i n g  sample 70. 

(2)  S I N  03 t o  08, s t a r t i n g  l i n e  125, s t a r t i n g  sample 125. 

A f t e r  t h e  r e s e a u s  a r e  removed (F igu re  4 - 4 4 )  , a n  unshading f i l t e r  i s  
a p p l i e d  i n  t h e  s p a t i a l  domain ( F i g u r e  4 - 4 5 ) .  The KMS i s  computed i n  t h e  
a p p r o p r i a t e  a r e a  ( s e e  above) i n  t h e  r e s u l t a n t  image t o  p rov ide  a  measure 
of t h e  t o t a l  n o i s e  s i g n a l .  

The F o u r i e r  t r ans fo rm is  then  t aken  of t h i s  unshaded image 
acco rd ing  t o  t h e  formula 

A background ampl-itude v a l u e  (A) i s  computed from f r e q u e n c i e s  around t h e  
n o i s e  s p i k e  and each f requency i n  t h e  n o i s e  s p i k e  i s  m u l t i p l i c a t i v e l y  
suppressed  w i t h  t h e  r e l a t i o n  

1 2  
Fundamentals a r e  d e s c r i b e d  by J .  Seidman i n  "MM ' 7 1  TVS Noise Ana lys i s , "  
JPL  I O M  3 2 4 - 1 ~ ~ 1 7 0 - 2 6 3 ,  A p r i l  1 6 ,  1970 and i n  "MM ' 7 1  TVS C a l i b r a t i o n  - 
Noise Ana lys i s , "  JPL I O M  324-IPL170-508, September 3 ,  1970. 



(a) ISS SIN 01  

F i g u r e  4-44. Image of  f l a t  f i e l d  w i t h o u t  r e s e a u s ,  
ISS S/N 01  t o  08 



(b) ISS S/N 02 

F i g u r e  4-44 (contd) 
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( c )  ISS S I N  03 

Figure 4-44 ( c o n t d )  
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( d )  ISS S/N 04 

Figure 4-44 ( c o n t d )  
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( e )  ISS S/N 05 

Figure 4-44 ( con td )  

4 - 9 2  



( f )  TSS SIN 06 

Figure .  4-44 ( con td )  
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( g )  I S S  SIN 07 

F i g u r e  4-44 (contcl) 
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( h )  I S S  SIN 08 

Figure 4-44 ( c o n ~ d )  
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(a) I S S  SIN 01 

F i g u r e  4-45. Image of f l a t  f i e l d  a f t e r  vidicon shading 
removal, I S S  SIN 01  t o  08 



(b )  ISS S/N 02 

F i g u r e  4-45 ( c o n t d )  
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( c )  I S S  S / N  03 

F i g u r e  4-45 ( c o n t d )  

4-98 



( d )  1SS SIN 04 

F i g u r e  4-45 ( con td )  
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( e )  ISS  SIN 05 

F i g u r e  4-45 ( con td )  
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( f )  ISS SIN 06 

F i g u r e  4-45 ( con td )  
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(g) I S S  S/N 07 

F i g u r e  4-45 (contd)  
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(11) TSS S/N 08 

F i g u r e  4-45 ( c o n t d )  
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I f  F j k  i s  t h e  r e s u l t a n t  t r ans fo rm,  t h e n  t h e  i n v e r s e  t r ans fo rm i s  taken  
a s  f o l l o w s :  

where (dn 2 ,,) i s  t h e  r e s u l  Lant p e r i o d i c  n o i s e - f r e e  image ( F i g u r e  4-46) . 
The RMS measure from t h i s  r e s u l t  p rov ides  a n  upper bound of t h e  random 
n o i s e  s i g n a l  i n  t h e  I S S .  Any b lemishes  i n  t h e  a r e a s  s e l e c t e d  f o r  ana ly-  
s is ,  a s  w e l l  a s  t h e  q u a n t i z a t i o n  n o i s e  s i g n a l ,  w i l l  c o n t r i b u t e  t o  t h i s  
r e s u l t .  The a r e a s  s e l e c t e d  appear  t o  have some b lemishes ,  b u t  t h e  
q u a n t i z a t i o n  n o i s e  l e v e l  i s  s m a l l  so  t h a t  i t  i s  probably  more a p p r o p r i a t e  
s imply  t o  r e f e r  t o  t h i s  s i g n a l  a s  t h e  measure of nonpe r iod ic  n o i s e .  It 
is .  a l s o  l i k e l y  t h a t  n o t  a l l  v i d i c o n  shading  h a s  been removed, a l t hough  
t h i s  e f f e c t  i s  n e g l i g i b l e .  

The d i f f e r e n c e  between ( d n k s )  t h e  unshaded image, and (dn' i?, s ) ,  
t h e  nonpe r iod ic  n o i s e  image, y i e l d s  an  image from which t h e  RMS 
measure of t h e  p e r i o d i c  n o i s e  can be computed (F igu re  4-47). A number 
of p o s s i b l e  e r r o r  sou rces  e x i s t ;  f o r  example. incomple te  r e s e a u  removal  
( s i n c e  r e s e a u s  a r e  s p a t i a l l y  cohe ren t )  ; b u t  t h i s  would be  obvious  and 
r e s u l t s  i n d i c a t e  t h a t  t h i s  is  no problem. 

One-dimensional ampl i tude  s p e c t r a  a r e  i nc luded  i n  b o t h  l i n e  and 
sample d i r e c t i o n s .  l 3  G e n e r a l l y ,  i t  i s  p o s s i b l e  t o  g e t  a  f e e l  f o r  t h e  
r e l a t i v e  ampl i tudes  of t h e  p e r i o d i c  n o i s e  s i g n a l s ,  a s  w e l l  a s  f o r  t h e  
f r e q u e n c i e s  a t  which they  occi lr ,  from t h e s e  p l o t s  (F igu res  4-48 and 
4-49). 

A t  l e a s t  two ( g e n e r a l l y ,  t h r e e )  images from the  fo l lowing  l i g h t -  
t r a n s f e r  sequences were used f o r  a n a l y s i s  f o r  each of t h e  cameras ( t h e  
i n - f l i g h t  a n a l y s i s  used one s t a r - f  i e l  d  image: 

(1) Bench 1 C a l i b r a t i o n  

( a )  Low-gain s t a t e  

(b)  High-gain s t a t e  

~ o t e  t h a t  t h e  a b s c i s s a  s c a l e s  i n  t h e  l i n e  and sample p l o t s  d i f f e r .  



(a) ISS SIN 01 

Figure 4-46. Periodic noise-free image, 
ISS SIN 01 to 08 



(b) I S S  S/N 02 

Figure 4-46 (contd) 
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( c )  TSS S/N 0'3 

Figure 4-'-\b ( con td )  
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( d )  I S S  S I N  04 

Figure 4-46 ( c o n t d )  
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(e) 1SS S/N 05 

Figure 4-46 ( c o n t d )  
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( f )  TSS S / N  06 

Figure 4-46 (contd)  
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( g )  1SS S/N 07 

F i g u r e  4-46 ( c o n t d )  
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(h) TSS SIN 08 

F i g u r e  4-46 (contcl) 
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(a) 1SS SIN 0 1  

F i g u r e  4-47. P e r i o d i c - n o i s e  invige,  TSS S/N 0 1  t o  08 
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(b )  TSS S/N 02 

c i g u r e  4-47 ( c o n t d )  
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(c) ISS SIN 0 3  

F i g u r e  4-47 ( con td )  
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( e )  1SS S I N  05 

F i g u r e  4-47 ( con td )  
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(f) TSS SIN 06 

Figure 4-47 (contd)  
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(g) ISS SIN 07 

F i g u r e  4-47 (contd) 
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( h )  ISS s/H 08 

F i g u r e  4-47 (cont)  
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I I I I 

IPL RMS AMPLITUDE SPECTRUM 

FLOT -CLOCKWISE 

256 -POINT TRANSFORM 

8-bit DATA 

MEAN (DN) - 151.9915 

u (DN) - 4 .a280 

FREQUENCY, Hz 

( a )  I S S  SIN 01 

I I I I I I I I 

IPL RMS AMPLITUDE SPECTRUM 
MJS-77 FM ~ 0 1 4 4  EXP = 000480 ms 

FILT = 7  SR = 1  S/N =02 CAM =WA 

FLOT -CLOCKWISE 

256-POINT TRANSFORM 

8-bit DATA 

MEAN (DN) = 158.3790 

CT (DN) = 4.7339 

0.93 1.85 2.78 3.70 4.63 5.56 6.48 7.41 8 ,  

FREQUENCY, Hz 

(b)  ISS SIN 0 2  

Figure 4-48. Plot of one-dimensional amplitude- 
spectrum line direction, ISS 
S / N  0 1  t o  08 



IPL RMS AMPLITUDE SPECTRUM 
MJS-77 FM ~ 0 1 7 0  EXP =00240.0 rns 
FILT=0 S R = 1  S / N = 0 3  C A M = N A  

FLOT -CLOCKWISE 

256-POI NT TRANSFORM 

8-bit DATA 

MEAN (DM) = 147.3810 

u (DN) = 2.6634 

FREQUENCY, Hz 

( c )  ISS S/N 03 

I I I I I I I 

IPL RMS AMPLITUDE SPECTRUM 
M JS-77 FM = 0171 EXP = 00480.0 ms 
FILT=O S R = l  s / N = ~ ~ C A M = W A  

FLOT -CLOCKWISE 

256-POINT TRANSFORM 

8-bit DATA 

MEAN (DN) = 150.1887 

cr (DN) = 3.5278 

FREQUENCY, t i 7  

( d )  ISS S/K 04 



I I I I I I I I 
IPL RMS AMPLITUDE SPECTRUM 
MJS-77 FM = 0161 EXP =OW240 rns 
FILT = 0 SR = 1 S/N = 05 CAM = N A  

PLOT -CLOCKWISE 

256-POI NT TRANSFORM 

8-bit DATA 

MEAN (DN) = 118.6410 

0- (DN) = 1.2537 

0.93 1.85 2.78 3.70 4.63 5.56 6.48 7.41 8 

FREQUENCY, Hz 

(e) ISS SIN 05 

IPL RMS AMPLITUDE SPECTRUM 
M JS-97 FM = 0160 EXP = 000045 ms 

12 FILT=2 SR=1 S / N  =06 C A M = W A  

ROTATE 90-deg CLOCKWISE 

- 10 256-POINT TRANSFORM 
n. 
0- 

8-bit DATA 

Z MEAN (DN) = 147.2492 
2 8 
s 0- (DN) = 4.6804 

2 
I- 

$ 6 
rn 
"7 

3 
4 

2 

0 
0 0093 1.85 2.78 3.70 4.63 5.56 6.48 7.41 8. 

FREQUENCY, Hz 

(I!) ISS SIN 06 

F i g u r e  4-48 (contd)  



IPI EMS AMPLITUDE SPECTRUM 
M JS-/7 F M  - 010Â EXP = 000240 rns 

i I L T = O  S R = 1  S 'NZ07  C A M = N A  

ROTATt 904eg CLOCKWISE 

256-POI NT TRANSFORM 

8-bit M I A  

MEAN (DN) - 151.0126 

5 (DN) = 5 .0850 

FREQUENCY, Hz 

(g )  T S S  SIN 07 

1PL RMS AMPLITUDE SPECTRUM 
MJS-77 FM =0174 EXP =000480rns 
FILT = 0 SR = 1 s /N  = 08 CAM =WA 

FLOT -CLOCKWISE 

256-POINT TRANSFORM 

8-bit DATA 

MEAN (DN) = 154.4968 

u (DN)  = 3.3605 

FREQUENCY, Hz 

(11) T S S  S/N 08 

Figure 4-48 (contd)  



IPL RMS AMPLITUDE SPECTRUM 
MJS-77 FM = 0143 EXP = 000480 ins 

FILT = 3 SR = 1 S/N = 01 CAM = N A  

256-POINT TRANSFORM 

8-bit DATA 

MEAN (DN) = 151 -9915 

o-(DN) = 4.8280 

FREQUENCY, Hz 

(a) ISS S/N 01 

IPL RMS AMPLITUDE SPECTRUM 
MJS-77 FM ~ 0 1 4 4  EXP =000480 ms 
FILT = 7  SR = 1  S / N = 0 2  C A M = W A  

256-POINT TRANSFORM 

8-bit DATA 

MEAN (DN) = 158.3790 

O- (DN) = 4.7339 

FREQUENCY, Hz 

(b) TSS S/N 02 

Figure 4-49. Plot of one-dimensional amplitude- 
spectrum sample direction, TSS 
SIN 01 to 08 



i 
VT - - - -  

IPL RMS AMPLITUDE SPECTRUM 
MJS-77 FM = 0170 EXP = 00740.0 rrs 

FILT=O 5R=1 S / N y 0 3  C A M x N A  

256-POINT TRANSFORM 

&bit DATA 

MEAN (DN) = 147.381 0 

o- (DN) - 2 -6634 

0 0.8 1.6 2.4 3.2 4.0 4.8 5.6 6.4 7 
FREQUENCY, Hz 

( c )  iSS S/N 0 3  

IPL RMS AMPLITUDE SPECTRUM 
MJS-77 FM =0171 EXP =00480.0 ins 
F1L.r = o  SR = 1 S/N = IM CAM = WA 

256-POINT TRANSFORM 

8-bi t DATA 

MEAN (ON) = 150.1887 

c (DN) = 3 -5278 

FREQUENCY, Hz 

( d )  ISS S / K  04 

Figli t-P 4 - 4 9  ( c o n  ~ d )  



1PL RMS AMPLITUDE SPECTRUM 
MJS-77 FM =0161 EXP =000240ms 
FILT = 0 SR = 1 S / N  = 05 CAM = NA 

256-POINT TRANSFORM 

8-bit DATA 

MEAN (DM) =- 11 8 -641 0 

0- (DN) = 1.2537 

0.8 1.6 2.4 3.2 4 - 0  4.8 5.6 6.4 7-2 
FREQUENCY, Hz 

(e) ISS S/N 05 

256-POI NT TRANSFORM 

8-bit DATA 

MEAN (ON) = 147.2492 

v ( D N ) =  4.6804 

0 0.8 1.6 2.4 3-2  4.0 4-8 5A 6 A  
FREQUENCY, Hz 

( f )  ISS SIN 06 

F i g u r e  4-49 ( c o n t d )  



I I I t I I I 

1PL RMS AMPLITUDE SPECTOUM 
M JS-77 r~ = 01 09 FXP = o ( x ) ~  
FILT = 0 SR = 1 S / N  = 07 CAM = N A  

256-POINT TRANSFORM 

8-bit DATA 

MEAN (DN) - 151 ,0126 

u(DlV) = 5.0850 

FREQUENCY, Hz 

(g) TSS S I N  07 

IPL RMS AMPLITUDE SPECTRUM 
MJS-77 FM = 0174 EX? = 000480 rns 

FILT=0 SR=1 S / N = 0 8  C A M = W A  

256-POI NT TRANSFORM 

8-bit DATA 

MEAN (DN) = 154.4968 

o - (DN)=  3.3605 

FREQUENCY, Hz 

(h) ISS S/N 08 

F i g u r e  4-49 ( con td )  



Environmental  C a l i b r a t i o n  

( a )  - 1 5 ' ~  

(b )  4- 5Oc 

( c )  +25OC 

Bench 2 C a l i b r a t i o n  

I n - f l i g h t  a n a l y s i s  (SIN 04 on ly )  

Average t o t a l  random and p e r i o d i c  RMS (DN) n o i s e  s i g n a l s  (low 
g a i n )  a r e  summarized below f o r  a l l  c a l i b r a t i o n s :  

ISS S/N T o t a l  Rand om P e r i o d i c  

Tab le  4-9 p r o v i d e s  a  complete breakdown by i n d i v i d u a l  c a l i b r a t i o n  t y p e ,  
mean DN of t h e  images used ,  and by camera of a l l  RMS n o i s e - s i g n a l s  
computed. 

For each  of  t h e  cameras,  t h e r e  a r e  a  number of  p e r i o d i c  n o i s e  com- 
ponen t s ,  t h e  f r e q u e n c i e s  of which can be  i d e n t i f i e d ;  f o r  example, t h e r e  
i s  a v e r t i c a l  component i n  a l l  cameras a t  2 . 4  kHz. However, s i n c e  t h e  
peak-to-peak p e r i o d i c  n o i s e  ampl i tudes  r a r e l y  exceed 0.5 DN, it was 
deemed unnecessary  t o  i s o l a t e  t h e s e  i n d i v i d u a l  components. An i n - f l i g h t  
n o i s e  a n a l y s i s  was performed u s i n g  t h e  s t a r - f i e l d  images taken  by t h e  
Voyager 2 wide-angle camera on day 240. The RMS r e s u l t s  a r c  t a b u l a t e d  
below a long  w i t h  comparable bench d a t a :  

Bench 1 l i g l i t ;  t r a n s f e r  
Noise S t a r - F i e l d  Data (h igh  g a i n )  

T o t a l  2 . 2 4 1  2 602 

Random 2.233 2.597 

P e r i o d i c  0.1432 0.1277 
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Table 4 - 9 .  Noise characteristics o f  ISS  cameras 
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Tab le  4-9 ( c o n t d )  

Mean 
1)N 

0. Wi'i 

0.6271) 

O . / ^ h  

I). 88  14 

11.8 I61 

I). S' i.? 

2 . 6 2 9 0  

2.5887 

2.3889 

0. jC)7', 

f).t,LY3 

1 ) .  7?fJ'-1 

I). 6 1  '37 

0 .  031 2 

0 .7188  

11.7114 

lJ.S!71 

n .  606'4 

2 . 6 7 5 3  

2. hl,-i7 

2.1!i9 

0.721)2 

0. 76'32 

0 .3266  

I). 71)UJi 

ti. 

0. 93.28 

0.6758 

0.7898 

0.9303 



T a b l e  4-9 ( c o n ~ d )  

BENCH .'. 

Ill) X . 1  0 . 7 0 3 7  0. 7001 0.0660 
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Tab le  4-9 (contd)  
I 

N t i  i se  
1SS Tt's E Fi-iimi., E x p o s u r e ,  Mean 

SIN r i t l e  Xu. m s I)N 
R.aw Random P e r i o d i c  

rIl/Vt~i, I) 'i 6 0 1 5  $4.9 0.7733 0. i 6 6 7  O .  0'168 

-1 jn!: 4 Jo;  30 If,. I lJ.7fi4"i 0. 1 4 6 4  0.1582 

Yi64 6 ' )  l . '43.6 0 . 8 1 2 1  0.7771 0 . 2 1 3 7  

In g e n e r a l ,  a l l  ??IS n o i s e  -measures a r e  c o n s i s t e n t  I n  c h a r a c t e r  
and magnitude from t e s t  t o  t e s t  and camera t o  camera; and t h e y  should 
have no n e g a t i v e  impact on i m a g i n g  p l a n s .  

The RMS measure f o r  non-pen'odir  n o i s e  is  c o n s i s t e n t  w i t h  t h e  
planned random n o i s e  l e v e l s  t o  be in t roduced  t o  t h e  ISS. The cameras 
a r c  remarkably p e r i o d i c - n o i s e  f r e e .  For example, i n  t h e  Viking O r b i t e r  
cameras,  VIS SIN 08 had an ave rage  KMS t o t a l  n o i s e  l e v e l  of 1 - 2 2 ,  
whereas t h e  RMS t o t a l  n o i s e  Level f o r  Voyager S/N 07 was o n l y  0.724. 

8.  Witness P l a t e  and C a l i b r a t i o n  Plaque  C a l i b r a t i o n s  

The c a l i b r a t i o n  p l aque  p rov ides  a d i r e c t  way t o  perform r a d i o m e t r i c  
i n - f l i g h t  c a l i b r a t i o n s  a long  w i t h  t h e  i n - f l i g h t  c a l i b r a t i o n  lamps ( s e e  
S e c t i o n  IV-A-5) .  The d imensions  and t e c h n i c a l  p r o p e r t i e s  of  t h e  p l aque  
were d e s c r i b e d  i n  S e c t i o n  11-D, and i t s  s p e c t r a l  c h a r a c t e r i s t i c s  a r e  
shown i n  F i g u r e s  4-50, 4-51, and i n  Tab le  4-10. (The Lamp Standard  
ES-7402 was used f o r  i l l u m i n a t i o n  of t h e  c a l i b r a t i o n  p l aque . )  The w i t -  
n e s s  p l a t e  i s  a  s m a l l e r  segment of  the  complete p l aque ,  which was used 
when t h e  p laque  i t s e l f  was n o t  a v a i l a b l e  ( s e e  S e c t i o n  11-B). During 



WAVELENGTH, nm 

Figure 4-50. Spectral characteristics of the XBS 200-W 
quartz iodine lamp, standard ES 7 4 0 2  

WAVELENGTH, nm 

Figure 4 -51 .  Spectral characteristics of t h e  
c a l i b r a t i o n  p l  aque (illuminated w i t h  
standard ES 7 4 0 2 )  



Table 4-10. S t a n d a r d  ES-7402 and c a l i b r a t i o n  
plaque ( s p e c t r a l  characterist i c s )  



benc'li c a l i b r a t i o n s ,  bo th  t h e  plaLe and p l aque  were i l l ~ i n ~ f n a t e d  wiLh Llic 
30-ciii l i g h t  c~ innon  No. 1, b u t ,  i n  f l i g h t ,  t h e  Sun w i l l  serve as  t1 c 
1 i g b t  s o ~ ~ r c e .  

inasmuch a s  i t  is  p o s s i b l e  t o  gene ra t t -  onlv average r e sponse  func - 
r i o n s  f u r  t h e  v i d i i  on u s i n g  t h e  i n - f l i g l l t  caLihraLioi i  ld i rys ,  <is in< s 

o- 'plr i incd in S r c i i u n  IV-A-5 ,  comple te  d e c d l i b r d t i o n  f i l  ris r : i 1  1 h,.i"c t o  

tie gener ;" ) t~cI  d u r i n g  t h e  i n i s j i on  u s i n g  t h e  c a l i b r d t i c i n  p i c i q u e .  Tlie ( i n e q -  
t i o n  of: major i~t iport  <ince t o  be answered is whether  o r  -lot t b p  placjue  
u n i  forrnl v r p f l  w t s  s u n l i g h t .  U n f o r t u n a t e  I y ,  t h i s  q u e s t i o n  i d  n o t  be  
answered d u r i n g  ground-based c a l i b r d t i o n s  because  o f  l iniiLed ,ic:_ebsi- 
h i 1  i t y  o f  i h e  c a l i b r a t i o n  p l aque  and o t h e r  t e c h n i c a l ,  ;is we11  is 

orgcini 7.2 t ionr)  1 ,  problems;  b u t   he q u e s t i o n  w i l l  be  answered in  f l i ~ l i t  . 
i'he w i t n e s s  plci tc  was used  o n l y  f o r  T S S  S/N 03;  and t h e  c a l i b r a t i o n  
p l a q u e ,  For LSS S / N  05 ( t h e  o r i g i n c i l  S/N 0 5  b e f o r e  t h e  c racked  v i d i c o n  
was r e p l a c e d )  and f o r  S /N 08. 

Some s i g n i f i c a n t  p r e l i m i n a r y  work was done,  however, d e s p i t e  
t h e s e  l i m i t a t i o n s .  F i g u r e  4-52 b h o w ~  t h e  ISS S/M 03 l i g h t - t r a n s f e r  
f u n c t i o n  u s i n g  t h e  w i t n e s s  p lc i to  and c l e a r  f i l t e r  ( s e e  F igu re  4-1 f o r  
e x p l a n a t i o n  of s u b a r e a s ) .  i'he w i t n e s s  p l a t e  images were t h e n  compared 
w i t h  a  f l a t - f i e l d  i ~ i a p e  t a k e n  t h rough  the' c l p a r  f i l t e r  a t  t h e  same 
a v e r a g e  TIN v a l u e .  Dark c u r r e n t  was s u b t r a c t e d  from each  p i c t u r e  and 
r a t i o s  de t e rmined .  The r e s u l t s  ( F i g u r e  4-33) show a  s l i g h t  g l o b a l  non- 
u n i f o r m i t y  caused  by e i t h e r  nonuniform i l l u m i n a t i o n  of Lhe p l a t e  o r  by 
r e f l e c t i v e  inhomogenei ty on t h e  p l a t e  i t s e l f .  

S i n c e  t h c s c  r e s u l t s  a r e  most 1 i k e l  y due  1 0  nonuniform i l l u m i n a -  
t i o n ,  a s  i n d i c a t e d  i n  F i g u r e  4-54, t h e r e  is no r e a s o n  t o  b e l i e v e  t h a t  
t h e  p l a t e  i t s e l  f h a s  nonuniform r e f l e c t a n c e  c h a r a c t e r i s t i c s  ( s e e  Sec- 
t i o n  11-TI). 

F i g u r e  4-55 shows t h e  ISS S/N 08 f o u r - p o i n t  l i g h t - t r a n s f e r  c u r v e s  
u s i n g  t h e  c a l i b r a t i o n  p l aque  f o r  t h e  c l e a r ,  v i o l e t ,  and o range  1 i l t e r s .  
The r a t i o  of t h e  TSS S /N  08 p i c t u r e s  o f  t h e  c a l i b r a t i o n  p l aque  w i t h  
f l a t - f i e l d  p i c t u r e s  t a k e n  t h rough   he same f i l t e r s  a f t e r  d a r k  c u r r e n t s  
were  removed from each  f rame was d e t e r m i n ~ d .  h i g u r e  4-56 shows t h e  
r e l a t i v e  l i g h t i n g  geometry of  t h e  p l a q u e ,  showing c l e a r l y  t h a t  t h e  
r e s u l t i n g  r a t i o  shou ld  d i s p l a y  shad ing  i n  t h e  sample d i r e c t i o n .  Fig- 
u r e s  4-57 Lo 4-59 show t h e  p r e d i c t e d  g r a d i e n t  f o r  t h e s e  t h r e e  f i l t e r s .  
There  i s  a l s o  some s h a d i n g  i n  t h e  l i n e  d i r e c t i o n ,  which i n d i c a t e s  t h a t  
t h e  p l aque  may n o t  be  un i fo rmly  r e f l e e t i n g a f t e r  a l l ,  b u t  t h e  r e s u l t s  
a r e  n o t  c o n c l u s i v e .  

I n  summary, i t  can  b e  r e p e a t e d  t h a t  t h e  r e s u l t s  of t h e  l i m i t e d  
c a l i b r a t i o n  a c t i v i t i e s  on t h e  c a l i b r a t i o n  p l aque  and w i t n e s s  p l a t e  a r e  
u s e f u l  b u t  i n c o n c l u s i v e .  The p l aque  i s  needed ,  however, i f  t h e  IPL 
i n - f l i g h t  d e c a l i b r a t i o n  f i l e s  f o r  shad ing  c o r r e c t i o n s  a r e  t o  b e  
g e n e r a t e d .  



ENERGY, CLÃ 

x -SUBAREA 1 
+ = SUBAREA 2 
A - SUBAREA 3 
0 - SUBAREA 4 
D - SUBAREA 5 

Figure  4-52. L i g h t - t r a n s f e r  f u n c t i o n  us ing t h e  wi tness  p l a t e  
( c l e a r  f i l t e r ) ,  I S S  S I N  03 



F i g u r e  4-53 .  R a t i o  o f  w i t n e s s  p l a t e  image  
( c l e a r  filter), 1SS S / N  03 

4-138 





+ = SUBAREA 2 
A - SUBAREA 3 
0 -SUBAREA 4 - SUBAREA 5 

0 0.2 0.4 0.6 0.8 

EXPOSURE TIME, s 

(a) C lea r  f i l t e r  

F i g u r e  4-55. L i g h t - t r a n s f e r  f u n c t i o n s  u s i n g  the c a l i b r a t i o n  
p l a q u e  ( c l ea r ,  v i o l e t ,  and orange  f i l  t e r s )  , 
I S S  S / N  08 



VIOLET FILTER 
LOW GAIN, 1:)  
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0 1 2 3 4 5 6 

EXPOSURE TI ME, s 

x = SUBAREA 1 
*Â -SUBAREA 2 
A - SUBAREA 3 
0 - SUBAREA 4 
0 -  SUBAREA 5 

(b) V i o l e t  f i l t e r  

F i g u r e  4-55 ( con td )  



x 'SUBAREA 1 
+ - SUBAREA 2 
A = SUBAREA 3 
0 = SUBAREA 4 - SUBAREA 5 

0 1 2 3 4 5 6 7 

EXPOSURE TIME, s 

( c )  Orange  f i l t e r  

Figure 4-55 (contd) 



ISS  S/N 08 

30 deg 

30-cm 

LIGHT CANNON NO. 1 

F i g u r e  4-56. L i g h t i n g  geometry of t h e  c a l i b r a t i o n  p l aque  



F i g u r e  4-57. Ratio of calibration plaque image 
(clear filter), TSS SIN 08 

4-144 



F i g u r e  4-58. R a t i o  of c a l i b r a t i o n  p l a q u e  image 
( v i o l e t  filter), 1SS SIN 08 

4-145 



F i g u r e  4-59. R a t i o  of calibration p l a q u e  image 
( o r a n g e  f i l t e r )  , ISS SIN 08 



B. FOCAL LENGTH 

1. Geometry 

Knowledge of  he c o r r e c t  f o c a l  l e n g t h  e s t a b l i s h e s  t h e  on-axis  s c a l e  
f a c t o r  of t h e  object- to-image geometry and a l s o  i s  t h e  de t e rmin ing  f a c t o r  
f o r  geometr ic  d i s t o r t i o n  measurements. 

The geometr ic  q u a l i t y  of  a  photographic  system i s  determined by t h e  
mutual  r e l a t i o n s  of t h e s e  f o u r  axes  (Figure 4-60):  

(1) O p t i c a l  a x i s :  The l i n e  connec t ing  t h e  f r o n t  and r e a r  noda l  
p o i n t .  

( 2 )  Vidicon normal:  The pe rpend icu la r  from t h e  r e a l  noda l  p o i n t  
t o  t h e  v i d i c o n  f a c e p l a t e .  

( 3 )  Bores igh t  a x i s :  The l i n e  connec t ing  t h e  r e a r  noda l  p o i n t  and 
t h e  c e n t e r  r e s e a n  mark. 

( 4 )  Mechanical a x i s :  The ax i s  of t h e  camera mounting f e e t .  

N - REAR N O D A L  POINT 

' Y (LINES) 

X SAMPLES 

PRINCIPAL POINT 

F i g u r c  4-60. Geometry of a pilot og raph ic  
system 
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f o r  t h e  narrow--angle camera and i 0 . 0 4  inm f o r  t h e  wide-angle camera,  
which i s  w i t h i n  tlie a c c u r a c y  l i m i t s  d e f i n e d  i n  Re fe r ence  2-1 (k0 .3  rnm 
and +0 .04  mm). The o p t i c a l  d i s t o r L i o n  i s  i n s i g n i f i c a n t  f o r  a l l  p r ac -  
t i c a l  pu rposes  ( i t  does  n o t  exceed 2 . 5  pm f o r  t h e  nar row-angle  cameras 
and 4 . 0  ym f o r  t h e  wide-angle  cameras i n  t h e  f a r t h e s t  c o r n e r  of t h e  
f r ame) .  The ave rage  s t a n d a r d  e r r o r  of t h e  p r i n c i p a l  p o i n t  e c c e n t r i c i t y  
i s  10 .051  mm f o r  t h e  narrow-angle cameras ( l i m i t  k0.050 rnm) and 
t 0 .  02'3 mm f o r  t h e  wide-angle cameras ( l i m i t  Â±0.01  mm) . As r a n  be  s e e n ,  
t h e  wide-angle-camera accu racy  l i m i t  h a s  been exceeded,  b u t  t h e  d e t e r -  
m i n a t i o n  of t h i s  pa r ame te r  h a s  t u r n e d  o u t  t o  be  v e r y  d i f f i c u l t .  How- 
e v e r ,  t h e  p r a c t i c a l  impact  of t h i s  e r r o r  i s  n e g l i g i b l  e. 

The camera f i e l d  of v iew i s  d e f i n e d  by t h e  t r a d i t i o n a l  n i n e  b a s i c  
v i d i c o n  fo rma t  p o i n t s .  The c o r n e r  format  p o i n t s  1, 3 ,  7 ,  9 a r e  i d e n t i -  
c a l  w i t h  r e s e a u  marks 2 ,  13 ,  190 ,  201, and t h e  c e n t e r  p o i n t  5 i s  t h e  
same a s  c e n t e r  r e s e a u  mark 102 ( b o r e s i g h t  a z i s ) .  P o i n t  5' d e n o t e s  t h e  
p r i n c i p a l  p o i n t  ( v i d i c o n  normal  = o p t i c a l  a x i s ) .  Format p o i n t s  2 ,  4 ,  6 ,  
8 l i e  between t h e  c o r n e r  p o i n t s  e i t h e r  on t h e  X- or Y-axis ( F i g u r e  4-61).  
The r e s u l t s  o b t a i n e d  a r e  summarized i n  T a b l e  4-11. The a n g l e s  a r e  c a l -  
c u l a t e d  i n  t h e  s t a n d a r d  r e s e a u  g r i d  c o o r d i n a t e  sys tem a s  t h e  c ro s s - cone  
component (X-axis d i r e c t i o n )  , the cone  component (Y-axis d i r e c t i o n )  , and 
t h e  d i a g o n a l  s p a c e  a n g l e s .  Thus,  t h e  camera f i e l d  of  v iew i s  a  f u n c t i o n  
of t h e  f o c a l  length and t h e  reseau-mark c o o r d i n a t e s .  T h i s  i n f o r m a t i o n ,  
t o g e t h e r  w i t h  t h e  op tomechanica l  a l i gnmen t  p a r a m e t e r s  ( s e e  S e c t i o n s  IV-B-3 
and V - B ) ,  i s  e s s e n t i a l  f o r  d e t e r m i n a t i o n  of  t h e  c o r r e c t  p i c t u r e  f o o t p r i n t  
geometry f o r  t h e  POINTER program, a s  well as f o r  n a v i g a t i o n a l  pu rposes .  

7 = RESEAU 190 8 9= RESEAU 201 

CONE (ELEV) 
DIRECTION Z 
M-VECTOR 

1 EZ RESEAU 2 
LINE l/SAMPLE 1 

Y-AXIS 

o 5' (PRINCIPAL 
POINT) t 

5 RESEAU 102 
(BORESIGHT 
AXIS) = 
L-VECTOR 

CROSS-CONE 
(AZIMUTH) 
DIRECTION Z 
N-VEC TOR 

X-T^XIS 
Ã‘Ã‘Ã‘Ã‘Ã‘Ã‘Ã‘Ã‘Ã‘Ã‘Ã 

(SCAN LINE 

L I N E  BOO/SAMPLE 800 

DIRECTION) 

F i g u r e  4-61. B a s i c  n i n e  v id i con - fo rma t  p o i n t s  
( l o o k i n g  i n t o  t h e  camera)  



hi i-I";., L 

Po in t  

I S S  S/N 05 
( v i d i c o n  S/K 2 2 5  1901)  

He-It-angle f i e l d  o f  v iew,  dee. 

( :<>TIP Cross-cone Diagona l  

~ u r c s i g h t  a x i s .  

p r i n c i p a l  p o i n ~ s .  
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Tab le  4-11 ( con td )  

TSS SIN 07 
( v i d i c o n  SIN 165 1'402) 

Half-anfi le f i e l d  o f  v iew,  dee 
- 

P o i n t  
Cone Diagonal 

I S S  K I N  08 
( v i d i c o n  SIN 165 1 4 0 7 )  

Half -angle  f i e l d  o r  view, deg  
I'ormtil 
Poin t  

Cone Cross-cone Diagonal 

The c o r r e s p o n d i n g  narrow-angle camera f i e l d - o f - v i e w  a c c u r a c y  i s  
Â±0.00000 r a d  and ,  f o r  t h e  wide-angle  camera,  10.000013 r a d  ( r e q u i r e d  
l i m i t s  a r e  ?0.000025 and +0.00015 r a d ) .  

2. Geometr ic  D i s t o r t i o n  
14 

The pu rpose  of d i s t o r t i o n  c a l i b r a t i o n  was t o  c h a r a c t e r i z e  t h e  
combined geome t r i c  d i s t o r t i o n  i n t r o d u c e d  by ISS o p t i c s  and e l e c t r o n i c s  
a s  a f u n c t i o n  of exposure  l e v e l -  

The o p t i c a l  d i s t o r t i o n  can  be  i gno red  f o r  a l l  p r a c t i c a l  p u r p o s e s ,  
a s  e x p l a i n e d  i n  S e c t i o n  IV-B-1, which means t h a t  geome t r i c  d i s t o r t i o n s  
of a l l  ISS cameras can be  a s c r i b e d  e n t i r e l y  t o  t h e i r  e l e c t r o n i c  
i n f l u e n c e s  . 

I 4 T h i s  s e c t i o n  i s  based  on i n f o r m a t i o n  providvd  bv Yagi  i n  
"Geometric D i s t o r t i o n  Measurement f o r  Voyager V J c l  i r o n  S/N 01-08 ," 
3 2 4 - 1 ~ ~ / ~ 1 P ~ - 7 9 - 1 9 9 ,  September 2 3 ,  1977.  



The p rocedure  u t i l i z e d  was t h a t  developed f o r  t h e  Mariner  9 
t e l e v i s i o n  subsystem (TVS) c a l i b r a t i o n s  ( s e e  Reference  4 - 3 ) .  The 
procedure  f o l l o w s  t h e  b a s i c  s t r a t e g y  of comparing t h e  geometr ic  charac-  
t e r i s t i c s  of a  p i c t u r e  of a  g r i d  t a r g e t  r eco rded  by an  I S S  camera w i t h  
t h e  known c h a r a c t e r i s t i c s  of t h e  t a r g e t .  The geometr ic  c h a r a c t e r i s t i c s  
of t h e  t a r g e t  were de termined by us ing  t h e  J P L  F a i r c h i l d  c o l l i m a t o r  and 
a  t h e o d o l i t e  Lo c a r e f u l l y  measure t h e  l o c a t i o n  of each  g r i d  i n t e r s e c t l ' o n  
( s e e  S e c t i o n  11-D). The measurements, recorded i n  m i l l i m e t e r s ,  a r e  
s c a l e d  to  l i n e  and sample c o o r d i n a t e s .  These a r e  t h e  l o c a t i o n s  t h a t  
would r e s u l t ,  i f  t h e  g r i d  Larget  were imaged through a  g e o m e t r i c a l l y  
p e r f e c t  I S S  imaging system. The v a l u e s  a r e  r e f e r r e d  t o  a s  " o b j e c t  
s p a c e  c o o r d i n a t e s .  

The g r i d  i n t e r s e c t i o n  l o c a t i o n s  i n  t h e  p i c t u r e  of t h e  g r i d  t a r g e t  
a r e  de termined by a  s e r i e s  of hand and d i g i t a l  Image p rocess ing  ca l cu -  
l a t i o n s .  These va lues  w i l l  b e  r e f e r r e d  t o  a s  t h e  "raw image" coor-  
d i n a t e s .  F i g u r e  4-62 shows a  t y p i c a l  g r i d - t a r g e t  image r eco rded  w i t h  an 
ISS camera. Each g r i d  i n t e r s e c t i o n  has  been enclosed  by a  s q u a r e ,  
i n d i c a t i n g  t h e  measured l o c a t i o n  of t h e  i n t e r s e c t i o n .  

The raw image c o o r d i n a t e s  a r e  compared w i t h  t h e  t h e o d o l i t e  
measurements by app ly ing  a  l i n e a r  t r a n s f o r m a t i o n  which minimizes t h e  RMS 
r e s i d u a l  e r r o r  betureen t h e  two s e t s  of  d a t a .  Two RMS v a l u e s  a r e  com- 
pu ted ,  tl ic f i r s t  by a l lowing  t h e  t r a n s f o r m a t i o n  t o  a d j u s t  f o r  d i f f e r -  
ences  i n  s c a l e ,  t r a n s l a t i o n ,  and r o t a t i o n  between t h e  two s e t s  of  d a t a  
( f o u r  d e g r e e s  of f reedom);  and t h e  second,  by a l lowing  t h e  t ransforma-  
t i o n  t o  c o r r e c t  a l s o  f o r  d i f f e r e n c e s  i n  skew and a s p e c t  r a t i o  (uncon- 
s t r a i n e d  c a s e )  

L e t  (xT, y i ) ,  i = 1,2 ...., N be  t h e  raw image c o o r d i n a t e s ,  and 
(ui,  vi  ,) b e  t h e  cor responding  theodol  i t e  measurements. I n  t h e  
uncons t r a ined  c a s e ,  t h e  RMS r e s i d u a l  is  d e f i n e d  a s  f o l l o w s :  

+ e  - ui) 2 R  = ( ax  + by + (ex + dyi + f  - vi) 
i i i 

where t h e  v a l u e s  of  a ,  b ,  c ,  (1, e ,  and f a r e  chosen t o  minimize R. I f  
o n l y  fou r  d e g r e e s  of freedom a r e  p e r m i t t e d ,  t h e  t r a n s f o r m a t i o n  i s  con- 
f i n e d  t o  a  m a g n i f i c a t i o n ,  r o t a t i o n ,  and o f f s e t  by r e q u i r i n g  t h a t  a  = d  
and b = -c. 

Ad jus t ing  For r o t a t i o n  and o f f s e t  e r r o r s  r educes  v a r i a b l e s  
i n t roduced  by t he  cirbitrciry o r i e n t a t i o n  of t h e  g r i d  t a r g e t  r e l a t i v e  t o  
t h v  camerd f o c a l  p l ane .  Ad jus t ing  f o r  s c a l e  e l i m i n a t e s  e r r o r s  i n  camera 
and c o l l i m a t o r  f o c a l  l e n g t h  measurements. The RMS va lue  computed by 
a l lowing  t h e s e  f o u r  deg rees  o r  freedom i s  a  measure of  t h e  t o t a l  geo- 
m e t r i c  d i s t o r t i o n  of t t l c 3  camera sys tem,  exrIuc1i11g measurement e r r o r s .  

I n  t h e  uncons t r a ined  c a s e ,  t h e  remaining two degrees  o f  f s ee -  
doni, skew, and a s p e c t  r a t i o  a r e  a l s o  invo lved .  The r e s u l t i n g  RMS i s  a 
measure of t h e  n o n l i n e a r  component of t h e  1 o t ~ l  geometr ic  d i s t o r t i o n .  



Figure 4-62. Geometric g r i d - t a r g e t  image with i n t e r s e c t i o n s  marked 

4-153 



Table  4-12 l i s t s  t h e  RMS r e s i d u a l  e r r o r s  r e p r e s e n t i n g  t h e  t o t a l  
and n o n l i n e a r  geometr ic  d i s t o r t i o n s  f o r  each  of t h e  ISS cameras.  Also 
inc luded i s  a  measure of t h e  maximum p i x e l  d i s t o r t i o n  encountered  i n  
each  frame.  Measurements f o r  a  s e t  of t h r e e  frames from each camera a r e  
i nc luded ,  and they  a r e  an i n d i c a t i o n  of t h e  r e p e a t a b i l i t y  of t h e  
exper iments .  

F i g u r e  4-63 i s  a  s y n t h e s i z e d  p i c t u r e  showing t h e  r e s i d u a l  e r r o r s  
a t  each  g r i d  i n t e r s e c t i o n  when f o u r  deg rees  of freedom a r e  a p p l i e d .  
The " o b j e c t  space" c o o r d i n a t e s  a r e  d i s p l a y e d  a s  b r i g h t  d o t s .  Displace-  
ments have been magnif ied 2.5 x  f o r  b e t t e r  v i s i b i l i t y .  F i g u r e  4-64 i s  
a  cor responding  p i c t u r e  f o r  t h e  uncons t r a ined  c a s e .  A complete s e t  of 
p i c t u r e s  f o r  each camera i s  on f i l e  a t  IPL. 

The Voyager cameras e x h i b i t  t y p i c a l  b a r r e l  d i s t o r t i o n s .  The 
d i s t o r t i o n  i n c r e a s e s  r a d i a l l y  from some i n t e r n a l  p o i n t  c l o s e  t o  t h e  
c e n t e r  r e s e a u  mark and is  g r e a t e s t  i n  t h e  c o r n e r s  of t h e  frame.  The 
e x t e n t  of t h i s  b a r r e l  d i s t o r t i o n  i s  more pronounced than  t h a t  observed 
i n  t h e  Viking  O r b i t e r  v i d i c o n s ,  a s  evidenced by t h e  l a r g e r  d i s t o r t i o n s  
measured i n  t h e  c o r n e r s .  The ave rage  maximum disp lacement  f o r  t h e  
f o u r  f l i g h t  Voyager cameras (SINS 04, 05,  06,  and 07) is 1 3 . 9  p i x e l s ,  
a s  opposed t o  8 .2  p i x e l s  f o r  Viking O r b i t e r .  However, t h e  Viking 
O r b i t e r  cameras d i s p l a y e d  a  c h a r a c t e r i s t i c  v e r t i c a l  c ros sove r  d i s t o r t i o n  
nea r  t h e  l e f t  margin of t h e  images, a p p a r e n t l y  because  of some system- 
a t i c  beam sweep n o n l i n e a r i t y .  A s  a  r e s u l t ,  t h e  t o t a l  geometr ic  d i s t o r -  
t i o n s  a r e  comparable f o r  bo th  sys tems.  The ave rage  RMS i s  2 .83  p i x e l s  
f o r  Voyager ve r sus  2.76 p i x e l s  f o r  Viking O r b i t e r .  

3 .  O p t i c a l / ~ e c h a n i c a l  Alignment and Vidicon Twist  

An i d e a l  o p t i c a l / m e c h a n i c a l  a l ignment  of  ISS cameras would be 
ach ieved ,  i f  : 

( a )  The b o r e s i g h t  a x i s  ( s e e  F i g u r e  4-60 i n  S e c t i o n  IV-B-1) were 
p a r a l l e l  w i t h  t h e  camera mounting f e e t  and t h e  s p a c e c r a f t  
scan p l a t fo rm p lane .  

(b)  The v i d i c o n  r e s e a u  g r i d  were pe rpend icu la r  t o  t h e  s p a c e c r a f t  
scan  p l a t f o r m  p lane .  

I t  i s  obvious  t h a t  such a  system is imposs ib l e  t o  b u i l d .  Thus, 
f o r  Voyager a p p l i c a t i o n s ,  t h e  fo l lowing  l i m i t s  of a n g u l a r  d e v i a t i o n s  
were s e t :  

( a )  Narrow-angle camera b o r e s i g h t  a x i s  k l . 8  m i n l a r c  f o r  both  t h e  
cross-cone and cone d e v i a t i o n s .  

(b)  Wide-angle camera b o r e s i g h t  a x i s  28 .0  m i n l a r c  f o r  bo th  t h e  
cross-cone and cone d e v i a t i o n s .  



T a b l e  4-12. I S S  v i d i c o n  geometr ic  d i s t o r t i o n s  

Tota l  d i s t o r t i o n ,  Non-linear d i s t o r t i o n ,  
p i x e l s  p i x e l s  

Exposure 
I S S  Frame 
SIN N O .  

t i m e ,  
m s  RMS r e s i d u a l  Maximum RMS r e s i d u a l  Maximum 

e r r o r  d i s t o r t i o n  e r r o r  d i s t o r t i o n  



F i g u r e  4-63. Syn thes i zed  p i c t u r e  of t o t a l  d i s t o r t i o n  



F i g u r e  4-64.  S y n t h e s i z e d  p i c t u r e  of n o n l i n e a r  d i s t o r t i o n s  



No l i m i t s  were  s p e c i f i e d  f o r  v i d i c o n  t w i s t ,  b u t  t h i s  d e v i a t i o n  
a l s o  had t o  b e  measured b e c a u s e  i t  i s  a n  e s s e n t i a l  p a r t  of t h e  p i c t u r e  
f o o t p r i n t  geomet ry  used f o r  camera p o i n t i n g  by t h e  POINTER program. 

The same method a s  d e s c r i b e d  i n  R e f e r e n c e  2-3 was u s e d ,  and eacli  
ISS camera was measured i n d e p e n d e n t l y  a t  least  t w i c e  o v e r  a p e r i o d  of  
t i m e .  The r e s u l t s  o b t a i n e d  a r e  summarized i n  T a b l e  4-13, and t h e  s i g n  
convent- ion o  C t h e  a n g u l a r  d e v i a t i o n s  i s  e x p l a i n e d  i n  F i g u r e  4-65. 

'She TSS cameras  were  b u i l t  w i t h  g r e a t  s k i l l  and e x p e r t i s e  b e c a u s e ,  
w i t h  o n l y  o n e  minor  e x c e p t i o n  ( S I N  031 ,  t h e  c r o s s - c o n e  and cone  d e v i a -  
t i o n s  a r e  w e l l  w i t h i n  t h e  s p e c i f i e d  l i m i t s  and t h e  v i d i c o n  t w i s t  i s  a l s o  
v e r y  s m a l l .  To a v o i d  any m i s u n d e r s t a n d i n g ,  i t  s h o u l d  b e  n o t e d  t h a t  
r e s e a u  mark 1 ( l i n e '  o n e ,  sample  one)  a p p e a r s ,  i n  t h i s  c a s e ,  i n  t h e  l o w e r  
l e f t - h a n d  c o r n e r  when t h e  v i d i c o n  f a c e p l a t e  i s  viewed t h r o u g h  t h e  t e l e -  
s c o p e  ( f o r  c o m p a r i s o n ,  s e e  F i g u r e  3-39, S e c t i o n  111-D-2). 

4 .  E l e c t r o n  Beam Bending 

Dur ing  bench  c a l i b r a t i o n s ,  l i g h t - t r a n s f e r  s e q u e n c e s  were per formed  
u s i n g  a t a r g e t  of a  f u l l  d i s c  and a  half-moon ( t h e  b u l l ' s - e y e  t a r g e t  
d e s c r i b e d  i n  S e c t i o n  11-D). The diameLer  of t h e  d i s c ,  which was p l a c e d  
i n  t h e  c e n t e r  of t h e  f r a m e ,  was a p p r o x i m a t e l y  400 p i x e l s .  P o s i t i o n s  of 
t h e  r e s e a u  marks  and of t h e  l i m b  p o i n t s  w e r e  d e t e r m i n e d  f o r  e a c h  f r a m e .  
I n  a d d i t i o n ,  r e s e a u  p o s i t i o n s  were a l s o  found f o r  r e g u l a r  f l a t - f i e l d  
l i g h t - t r a n s f e r  s e q u e n c e s .  

T a b l e  4-13. ISS o p t i c a l / m e c h a n i c a l  a l i g n m e n t  
and v i d i c o n  t w i s t  

B o r e s i g h t  a x i s  
V i d i c o n  r e s e a u  

I S S  
g r i d  t w i s t  y, 

S  /N Cone Cross-cone 
m i n / a r c  d e v i a t i o n  a ,  m i n l a r c  d e v i a t i o n  B ,  m i n / a r c  
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i t  h a s  been found t h a t  the p o s i t i o n  o f  t h e  reseal1 nmrks, when 
imaged by t h e  o p t i c s - e l e c t r o n i r s  system o r  the 1SS ~ ~ i n i e r a s ,  i s  a func- 
t i ; ) i i  o r  t h e  exposure .  A l s o ,  t1ie s h i f t s  from t h e  d u k - c u r r e n t  poa i t i o t i  
a r e  dependent  upon t h e  bpii t iLi l  shape of- t h e  i.mcige and upon its r e l a t i v e  
l o c a t i o n  w i t h  rclspoct to Lbe r e seau  aicirk. 

For f l a t - f i e l d  Frames t h e  s h i f t s  in  r e seau  p o s i t i o n s  g e t  l a r g e r  
wich i n c r e a s i n g  exposure  ( i . e . ,  i n c r e a b i n g  ave rage  DN), u n t i l  maximum 
s h i f t s  a r c  reached f o i  n e a r l y  s a t u r a t e d  f rames ,  as  shown bchemat i ca l ly  
i n  F i g u r e  4-66. Huuever, 1  i g h t - t r a n s f o r  sequences  us ing  a d i s r  t a r g e t  
have a  d i f f e r e n t  s h i f t i n g  p a t t e r n  of t h e  r e sedu  marks ( s e e  F i g u r e s  4-61 
and 4 -68). In  t l i i s  c a s e ,  t h e  r e s e a u  marks l y i n g  i n s i d e  t h e  i l l u m i n a t e d  
d i s c ,  o r  ve ry  c l o s e  t o  t h e  l imb,  show s h i f t s  s i m i l a r  t o  t h o s e  of f l a t -  
f i e l d  f r ames ,  b u t  t h e r e  i s  no s h i f t  whatsoever f o r  a l l  r e s c a u s  l y i n g  
more t h a n  urip r e s e a u  spac ing  i n  t h e  d a r k  f i e l d .  

To summarize t h e  major  beam-bending e f f e c t s :  

The g r e a t e s t  r e s e a u  s h i f t s  occu r  n e a r  t h e  t o p  of  t h e  image 
( lower  l i n e  number), and t h e r e  i s  no s h i f t  a t  t h e  bottom o f  
t h e  f r m e  ( c l o s e  t o  l i n e  800) .  

The s h i f t s  i n c r e a s e  nionotoinir-ally w i t h  exposure  o r  ave rage  
DN . 

Q u a l i t a t i v e l y ,  i t  i s  a s  i f  t h e  r e s e a u s  were " r e p e l l e d "  by 
t h e  image w i t h  i n c r e a s i n g  image b r i g h t n e s s .  

For t h e  f u l l  d i s c  and half-moon images, beam bending i s  
n o t i c e a b l e  o n l y  f o r  r e s e a u s  l y i n g  i n s i d e  t h e  d i s c  o r  l o c a t e d  
l e s s  t han  one r e s e a u  wid th  from t h e  limb in  t h e  d a r k  f i e l d .  
T h i s  means t h a t  t h e  e f f e c t  i s  v e r y  l o c a l .  

The e f f e c t  i s  even more n o t i c e a b l e  when radial  limb scans 
a r e  performed on t h e  image. I n  t l i i s  case, l imb p o i n t s  n e a r  
t h e  t o p  o f  Lhe d i s c  a r e  s h i f t e d  r a d i a l l y  outward by up t o  
4 p i x e l s  from t h e  n e a r  da rk -cu r ren t  frames t o  n e a r l y  s a t u -  
r a t e d  frames w i t h  ave rage  DN ^ 255 ( s e e  F i g u r e s  4-69 and 
4-70) .  

An empi r i ca l  formula h a s  been developed t h a t  p r e d i c t s  t h e  i n c r e a s e  
i n  r a d i u s  a s  a  f u n c t i o n  of p o s i t i o n  a n g l e  9 and ave rage  DN of t h e  image 
( F i g u r e  4-71) : 
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F i g u r e  4-68 .  Reseau s h i f t  f o x  
a near1  y  s a t u r a t e d  
h a l f  -moon frame 

F i g u r e  4-67 .  Reseau s h i f t  f o r  
a n e a r l y  s a t u r a t e d  
f u l l - d i s c  frame 
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Figu re  4-69. Lii~fb-poi n t  s h i f t  
f o r  a n e a r l y  
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Figure 4-71. D e f i n i t i o n  of 
radia l  s h i f t ,  AK, 
and p o s i t i o n  
a n g l e ,  Q 

Figure 4-70. Limb-point s h i f t  
f o r  a nearly 
saLuraLed Iialf--  
moon frame 



where 

Ar = i n c r e a s e  o f  r a d i u s  

DN = a v e r a g e  DN of  d i s c  

a ( @ ) ,  b ( 0 )  = c o e f f i c i e n t s  which a r c  q u a d r a t i c  f u n c t i o n s  o f  0 

T h i s  f o r m u l a  is  b a s e d  o n  30 r a d i a l  l i m b  s c a n s  ( i . e . ,  30 d i f f e r e n t  a n g l e s ,  
6 )  f o r  e a c h  f r a m e  of  t h e  l i g h t - t r a n s f e r  s e q u e n c e .  Excep t  f o r  two o r  
t h r e e  v a l u e s ,  t h e  p r e d i c t e d  s h i f t  AR i s  w i t h i n  one  p i x e l  of t h e  t r u e  
i n c r e a s e  of r a d i u s .  A s i m i l a r  b u t  d i f f e r e n t  s e t  of c o e f f i c i e n t s  a ( 9 )  
and b ( 6 )  was d e f i n e d  f o r  t h e  half-moon f r a m e s .  

R i g o r o u s l y ,  f o r m u l a  (8) i s  t r u e  o n l y  f o r  images i n  t h e  c e n t e r  o f  
t h e  frame, 400 p i x e l s  i n  d i a m e t e r ,  and w i t h  an  a v e r a g e  b r i g h t n e s s  
4255 DN. 

The s h i f t s  of b o t h  t h e  r e s e a u s  and t h e  l i m b  can b e  e x p l a i n e d  by 
a n  e a r l y  o r  p r e m a t u r e  a t t r a c t i o n  o f  t h e  s c a n n i n g  e l e c t r o n  beam t o w a r d s  
t h e  p o i n t  i n  q u e s t i o n ,  as  shown s c h e m a t i c a l l y  i n  F i g u r e  4-72.  The 
g r e a t e r  t h e  l o c a l  image c h a r g e  ( a v e r a g e  D N ) ,  t h e  g r e a t e r  t h e  e f f e c t  of 
e l  ec t ron-beam b e n d i n g .  
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RESEAU OR LIMB POINT - r + t + + +  CHARGE OF THE 
INDICATED BY VOLlAGES t - - +  I BACKGROUND 
O N  DEFLECTION PLATES BRIGH1 IMAGE 

F i g u r e  4-72. P r i n c i p l e  of e l e c t r o n  beam b e n d i n g  



C . OPTICAL 'J RANSFER FUNCTION 

Tl i is  s e r t i o n  summarizes  ?he  o p t j  r a  L fct-cinsfc'r r u n c t  inn (01 y) Lt i i  i l  y- 
s i s  per formed  f o r  t h e  Voyager ISS camera5 S/I\' 0 3  t o  08. A b r i e f  d i s < u h -  
s i o n  o f  t h e  t h e o r e t i c a l  a s p e c t s  is  g i v e n  a l o n g  w i t h  Llie actur-il p r o c e d u r e s  
f o l l o w e d .  R e s u l t s  a l o n g  w i t h  examples  a r e  p r e s e n t e d ,  

1. A n a l y s i s  

The t e c h n i q u e s  d e s c r i b e d  below p r o v i d e  a m e a s u r e  o f  t h e  OTF of: a n  
imaging LnsLrument. A number o f  p r a c t i c a l  p rob lems  a r i q e  i n  t h e  mea- 
s u r e m e n t .  There is ,  of  c o u r s e ,  a l w a y s  t h e  p rob lem o f  n o i s e  b i a s i n g  t h e  
s i g n a l  . More i m p o r t a n t l y ,  however ,  t l i e  OTF i s  s p a t i a l  l  y  d e p e n d e n t .  T h e  
l a t t e r  i s  noL a s e r i o u s  problem a s  f a r  a s  Voyager i s  c o n c e r n e d ,  s i n c e  
t h e  Voyager v i d i c o n s  a r e  f a i r l y  s t a b l e  a n d ,  i f  a n  a p p r o p r i a t e  a r e a  of  
t h e  image i s  s e l e c t e d ,  t h e  s p a t i a l  s t a b i l i t y  i s  p e r i o d i c a l l y  m o n i t o r e d  
by m e a s u r i n g  d i f f e r e n t  a r e a s  of t h e  image.  

When t h e  v i d i c o n  r e a d s  o u t  a n  iniage, t h e  beam p e r f o r m s  a convolu-  
t i o n  w i t h  s e v e r a l  p i x e l s  by  v i r t u e  o f  t h e  beam w i d t h .  The image of a  
p o i n t  o b j e c t  would r e p r e s e n t  t h e  c o n v o l v i n g  f u n c t i o n  and i s  c a l l e d  t h e  
p o i n t  s p r e a d  f u n c t i o n  ( P S F ) .  The one  d i m e n s i o n a l  e q u i v a l e n t  q u a n t i t y  i s  
t h e  1 i n e  s p r e a d  f u n ?  t i o n  (LSF) , which i s  clef i n e d  i n  E q .  ( 9 )  : 

P S F ( x , y ) d y  f o r  the  x d i r e c t i o n  

-m 

When a l o n g  v e r t i c a l  s t e p  f u n c t i o n  i s  imaged,  t h e  r e s u l t i n g  h o r i z o n t a l  
p r o f i l e  S ( x )  w i l l  be a c o n v o l u t i o n  o f  t h e  s t e p  f u n c t i o n  w i t h  t h e  LSF.  
To r e c o v e r  t h e  LSF, o n e  h a s  t o  d i f f e r e n t i a t e  t h e  b l u r r e d  edge  S a s  i n  
E q .  (10)  : 

d  
LSF(x) = - S ( x )  

dx  



The OTF i n  t h e  x d i r e c t i o n  can be  o b t a i n e d  by t a k i n g  t h e  normal ized  
F o u r i e r  t r a n s f o r m  of t h e  LSF a s  i n  E q .  (11): 

- 2 n i  Ex 
LSF (x) e  dx 

LSF (x) dx 
-m> 

From t h e  OTF, one can o b t a i n  t h e  MTF: 

MTF(f ) = [ OTF ( f )  1 = 1 a  + i b  1 a t  each  f r equency  
x 

S i m i l a r l y ,  one can  o b t a i n  t h e  phase:  

-1 
Phase ( f  x ) = t a n  ( b / a )  (1 3 )  

I n  p r a c t i c e ,  many t r a c e s  a r e  made through t h e  b l u r r e d  edge S and 
many LSFs a r e  computed. Each d i g i t a l  LSF i s  resampled u s i n g  t h e  Sampling 
Theorem s o  t h a t  t h e  c e n t r o i d  C [ E q .  ( 1 4 ) ]  of e a c h  LSF i s  c e n t e r e d  on an 
i n t e g r a l  p i x e l .  [Th i s  p r o c e s s  is c a l l e d  t h e  i n t e g r a l  l i n e  sp read  func- 
t i o n  (ILSF) . ] 

where m i s  some i n t e g e r  d i s t a n c e  from C .  

Each ILSF i s  t hen  processed  by E q .  (ll), and d l 1  of  t h e  complex 
OTFs a r e  ave raged .  I n t e r p o l a t i o n ,  u s i n g  t h e  Sampling Theoren,  i s  used 
t o  e l i m i n a t e  phase  b i a s  in t roduced by s h i f t e d  LSF. The MTF i s  n o t  
a f f e c t e d ,  o n l y  t h e  phase.  

When t h e  complex ave rage  i s  made, r a t h e r  t han  t h e  ave rage  of t h e  
MTFs, t h e  r e s u l t i n g  MTF is  independent  of t h e  rdndom n o i s e  l e v e l  i n  t h e  
image. 



2 .  Data  Source  

During bench c a l i b r a t i o n ,  a  s p e c i f i c a l l y  de s igned  MTF t a r g e t  ( s e e  
F i g u r e  4-73 and a l s o  F i g u r e  2-22 i n  S e c t i o n  TT-D) was imaged a t  t h r e e  
s c a n  r a t e s  cind a number of l i g h t  l e v e l s .  The t a r g e t  was a l s o  r o t a t e d  
( F i g u r e  4-74) s o  t h a t  t h e  v e r t i c a l  MTF a l s o  cou ld  be  measured.  MTF 
a n a l y s i s  was performed a t  t h r e e  s can  r a t e s  (1 : 1 ,  3 : 1 ,  1 0 : l )  a t  t h r e e  
exposu re  l e v e l s ,  and a t  b o t h  d a r k  t o  l i g h t  ( a scend ing  edge)  and l i g h t  t o  
d a r k  (de scend ing  edge)  t r a n s i t i o n s .  The D N s  f o r  t h e  t r a n s i t i o n s  were:  
low = A10 t o  20 ADN, mid = 45 t o  65 ADN, and h i g h  = 100  t o  200 ADN-  

Two a r e a s  n e a r  t h e  c e n t e r  of t h e  image were measured ,  one a scend ing  
and one  descend ing .  Reseaus  were  removed, i f  n e c e s s a r y .  A 1 5 0 - l i n e  by  
35-sample a r e a  was used t o  r e d u c e  n o i s e  e f f e c t s  and produce  a  b e t t e r  
measure  of t h e  mean MTF. H o r i z o n t a l  and v e r t i c a l ,  1 : l - s c a n - r a t e  p l o t s  
of t h e  a v e r a g e  MTF and phase  ( F i g u r e s  4-75 and 4-76)  were produced f o r  
ISS SIN 03  t o  08. 

3 .  R e s u l t s  

For  a l l  cameras ,  t h e  h o r i z o n t a l  MTF i s  h i g h e r  on t h e  
a s c e n d i n g  edge t h a n  t h e  de scend ing  edge.  

The re  i s  no  s i g n i f i c a n t  d i f f e r e n c e  between t h e  v e r t i c a l  
a s c e n d i n g  and descend ing  MTFs. 

The h o r i z o n t a l l y  and v e r t i c a l l y  measured MTFs a r e  s p a t i a l l y  
v a r i a n t  ( s e e  F i g u r e  4 - 7 7 ) .  The MTF a t  t h e  c e n t e r  i s  gen- 
e r a l l y  s l i g h t l y  b e t t e r  t h a n  a t  t h e  edges  of t h e  image. 

The re  i s  no  s i g n i f i c a n t  d i f f e r e n c e  between t h e  measured 
MTFs a t  d i f f e r e n t  s can  r a t e s  ( s e e  F i g u r e  4 - 7 8 ) -  

V e r t i c a l l y  measured MTFs a r e  h i g h e r  t h a n  h o r i z o n t a l l y  
measured MTFs. 

The MTF i s  v e r y  dependent  upon t h e  h e i g h t  of t h e  edge  i n  
DN. The h i g h e r  t h e  t o t a l  DN d i f f e r e n c e ,  t h e  lower  t h e  MTF. 

The MTF does  n o t  d rop  t o  z e r o  a t  t h e  Nyqu i s t  f r e q u e n c y .  
T h i s  i n d i c a t e s  t h a t  a c e r t a i n  amount of  a l i a s i n g  i s  p r e s e n t .  
F r e q u e n c i e s  nea r  t h e  Nyqu i s t  w i l l  be  g a r b l e d .  

The phase  f u n c t i o n  i s  g e n e r a l l y  n e g a t i v e  on t h e  a scend ing  
edge and p o s i t i v e  on the descend ing .  T h i s  i n d i c a t e s  t h a t  
the upper  edge of a  s t e e p  f e a t u r e  i s  rounded o f f  more than. 
i h e  lower edge.  

The phase  f u n c t i o n  becomes more pronounced as t h e  a m p l i t u d e  
of t h e  edge i n c r e a s e s .  T h i s  I n d l c a L e s  t h a t  v e r y  h i g h  f r e -  
q u e n c i e s  w i l l  be u m ' n t e r p r e t a h L e  i n  Lhe v i r i n i t y  of o b j e c t 5  
of h i g h  c o n t r a s t .  

D i f f e r e n t  s can  ra te ' s  have no obv ious  impact  on t h e  phase  
hunr t i  on. 



F i g u r e  4 -73 .  ISS image of the MTF v e r t i c a l  t a r g e t  
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Figure 4 - 7 4 .  I S S  image of the MTF h o r i z o n t a l  t a r g e t  

4-168 
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F i g u r e  4-75. Horizontal MTF (ascending and descending), 
ISS SIN 03 to 08 
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F i g u r e  4-75 ( c o n t d )  
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Figure. 4-75 (contd) 
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F i g u r e  4-76.  V e r t i c a l  MTF ( a s c e n d i n g  a n d  d e s c e n d i n g ) ,  
I S S  S/N 03 to 08 
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variation (ascending and descending), 
ISS S/N 08 
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F i g u r e  4-78. H o r i z o n t a l  MTF s c a n - r a t e  variation 
(ascending  and d e s c e n d i n g ) ,  I S S  S/N 05 



The r e s u l t s  of t h e  MTF a n a l y s i s  a r e  c o n s i s t e n t  w i t h  e a r l i e r  r e s u l t s  
ob ta ined  f o r  Mar iner  10.  i n  summary, Lhere i s  no r eason  co b e l i e v e  t h a t  
any of  t h e  cameras ana lyzed  w i l l  pose any problem dur ing  t h e  mis s ion  f o r  
MTF r e s t o r a t i o n  o r  image i n t e r p r e t a t i o n  from t h e  r e s t o r a t i o n s .  F u r t h e r ,  
compensat jng f i l t e r s  have a l r e a d y  been developed and a p p l i e d  t o  Voyager 
imaging ( s e e  F i g u r e  4-79), and t h e  r e s u l t s  a r e  s a t i s f a c t o r y .  

The p o i n t  sp read  f u n c t i o n  ( s t a r  s i m u l a t i o n )  c a l i b r a t i o n s  were per -  
formed f o r  a l l  I S S  cameras and t h e  d a t a  o b t a i n e d  were s t o r e d  on magnet ic  
t a p e s .  However, t h e  a n a l y s i s  of t h e  ob ta ined  d a t a  h a s  n o t  been com- 
p l e t e d  i n  t ime t o  meet t h e  p u b l i c a t i o n  d e a d l i n e  of t h i s  r e p o r t .  

The re fo re ,  t h i s  s e c t i o n  w i l l  be  d i s c u s s e d  i n  full d e t a i l  i n  t h e  
I n - F l i g h t  C a l i b r a t i o n  Repor t ,  which w i l l  be w r i t t e n  and pub l i shed  a t  a 
l a t e r  d a t e .  Meanwhile t h e  i n t e r e s t e d  r e a d e r  may want t o  c o n t a c t  
Voyager Imaging Sc ience  Experiment R e p r e s e n t a t i v e  a t  JPL  f o r  the 
a v a i l a b l e  i n t e r m e d i a t e  and p r e l i m i n a r y  r e s u l t s .  



(a) Before c u r r e r t i o n  

F i g u r e  4-79. ISS image before and after MTF correction 



(b)  A f t e r  correction 

F i g u r e  '1-7 9 (con1 2) 

t-186 







SECTION V 

SYSTEM CALIBRATIONS 

A. FLAT-FIELD LIGHT-TRANSFER VERIFICATION 

Dur ing  s y s t e m  t e s t s ,  b o t h  SAF and ETR, t h e  i n - f l i g h t  c a l i b r a t i o n  
lamps w e r e  u s e d  a l m o s t  e x c l u s i v e l y  f o r  c a l i b r a t i o n  v e r i f i c a t i o n  o f  t h e  
s u b s y s t e m - l e v e l  f l a t - f i e l d  l i g h t - t r a n s f e r  f u n c t i o n s .  The lamps a l s o  
s u c c e s s f u l l y  p i n p o i n t e d  t h e  ISS SIN 08 v i d i c o n  f a i l u r e  p r i o r  t o  l a u n c h ,  
t h e r e b y  p r o v i n g  t h e i r  u s e f u l n e s s  ( ISS  SIN 08  was t h e n  r e p l a c e d  by  
ISS SIN 0 4 ) .  

The most  i m p o r t a n t  c a l i b r a t i o n  v e r i f i c a t i o n  f o r  t h e  f l i g h t  u n i t s  
( I S S  S / N  04 t o  07 ,  mounted on t h e  s p a c e c r a f t )  and f o r  t l i e  f l i g h t  s p a r e  
u n i t s  ( I S S  S / N  03  and 0 8 ,  mounted on o p t i c a l  bench)  w e r e  per formed  
i m m e d i a t e l y  p r i o r  t o  l a u n c h .  A set of  l i g h t - t r a n s f e r  f u n c t i o n s ,  b a s e d  
on t h e  i n - f l i g h t  c a l i b r a t i o n  l amps ,  was g e n e r a t e d ,  a s  shown i n  F i g u r e  5-1 
( s e e  F i g u r e  4-1 f o r  e x p l a n a t i o n  o f  s u b a r e a s ) .  T h e s e  d a t a  a r e  c o n s i s t e n t  
w i t h  e a r l i e r  c a l i b r a t i o n s  and w i l l  b e  u s e d  a s  a  r e f e r e n c e  f o r  c o m p a r i s o n  
of t h e  i n - f l i g h t  r a d i o m e t r i c  r e s p o n s e  o f  t h e  f l i g h t  ISS cameras  d u r i n g  
t h e  m i s s i o n  ( s e e  S e c t i o n  IV-A-5). 

I n  a d d i t i o n  t o  t h e  i n - f l i g h t  c a l i b r a t i o n  l amps ,  a  few s y s t e m - l e v e l  
c a l i b r a t i o n s  u t i l i z e d  t h e  C e l e s t r o n  and  S o l i g o r  c o l l i m a t o r s  d e s c r i b e d  i n  
S e c t i o n  1 1 - C .  However, t h e  r a d i o m e t r i c  p r o p e r t i e s  of t h e s e  l i g h t  s o u r c e s  
a r e  n o t  s u f f i c i e n t l y  known t o  p e r m i t  a  r e l i a b l e  e v a l u a t i o n  of t h e  d a t a  
o b t a i n e d .  On t h e  o t h e r  hand ,  a n a l y s i s  o f  s e v e r a l  g e o m e t r i c  g r i d - t a r g e t  
f r a m e s ,  mounted i n  t h e  same c o l l i m a t o r s ,  d i d  n o t  r e v e a l  a n y  s i g n j f i c a n t  
c h a n g e s  f rom t h e  r e s u l t s  d i s c u s s e d  i n  S e c t i o n  IV-B-2, which  means t h a t  
t h e  s u b s y s t e m - l e v e l  g e o m e t r i c  d i s t o r t i o n  p a r a m e t e r s  c a n  b e  s a f e l y  
a p p l i e d  t o  a l l  f l i g h t  p h o t o g r a p h s .  

B .  FIELD-OF-VIEW ALIGNMENT 

The r e s u l t s  o f  geomeLric  c a l i b r a t i o n s  d e s c r i b e d  i n  S e c t i o n s  IV-B-1 
and IV-B-3 w e r e  u s e d  f o r  t h e  f i n a l  a l i g n m e n t  o f  f l i g h t  ISS cameras  
mounted on. t h e  s c a n  p l a t f o r m  of  e a c h  Voyager s p a c e c r a f t  .1"he s t a n d a r d  
method of o p t i c a l  a u t o c o l l i m a t i o n ,  u t i l i z i n g  t h e  ISS camera a l i g n m e n t  
m i r r o r ,  was u s e d  f o r  t h i s  p u r p o s e .  

s e e  C .  W. Odd, " S c i e n c e  I n s t r u m e n t  Alignment  V e r i f i c a t i o n  f o r  Voyager 
77-2 S p a c e c r a f t , "  JPL TOM VGR 77-34, FL, J u l y  2 1 ,  1 9 7 7 ,  and "ISS w / A  
s / N  04 Alignment  V e r i f i c a t i o n  f o r  Voyager 77-3,"  JPL I O M  373 VGR 77-48, 
FL, August  11, 1977 .  
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Tnasinwh a s  t h e  b o r e s i g h t  a x i s  ( l i n e  connecLing t h e  r e a r  n o d a l  
p o i n t  w i t h  t h e  c e n t e r  r e s e a u  mark) of t h e  narrow-angle camera d e f i n e s  
t h e  I - v e c t o r  of  the  Voyager s p a c e c r a f t ,  a l l  t h a t  was n e c e s s a r y  was t o  
de t e rmine  t h e  cone ( e l e v a t i o n )  and c ross-cone  (azimuth) component of t h e  
wide-angle camera b o r e s j g h t - a x i s  o f f s e t  w i t h  r e s p e c t  t o  t h e  narrow-angle 
camera. 

The o b t a i n e d  r e s u l t s  a r e  summarized i n  Tab le  5-3, and t h e y  a r e  a l l  
w e l l  w i t h i n  t h e  r e q u i r e d  k8.0 min /a rc  accu racy  l i m i t .  However, i t  should  
b e  noted  t h a t  on ly  TSS SIN 06 d e v i a t i o n s  were a c t u a l l y  measured a t  t h e  
ETR a t  Cape Canavera l ,  F l o r i d a .  The ISS SIN 0 4  wide-angle camera 
r e p l a c e d  t h e  o r i g i n a l  ISS SIN 08 camera s h o r t l y  b e f o r e  t h e  launch.  Th i s  
was a n  emergency a c t i o n ,  which d i d  no t  l e a v e  any t ime  f o r  t h e  f i n a l  
a l ignment  v e r i f i c a t i o n  measurements. Consequently,  t h e  JPL  SAF r e s u l t s ,  
ob ta ined  when t h e  ISS cameras were mounted on t h e  PTM s p a c e c r a f t ,  were 
used a s  f i n a l .  N a t u r a l l y ,  t h i s  i n v a l i d a t e s  t o  some degree  t h e  s t a n d a r d  
e r r o r s  ?horn ,  b u t  J P L  e x p e r i e n c e  i n d i c a t e s  t h a t  such  an  o p e r a t i o n  
u s u a l l y  changes t h e  o f f  s e t  a n g l e s  1 e s s  than 1 .0  m i n / a r c  ( 0 . 3  m a d )  . 

The cone and cross-cone  d e v i a t i o n s  documented i n  Table  5-1 a r e  
v e r y  impor t an t ,  b u t  n e v e r t h e l e s s  t hey  do n o t  p r e s e n t  t h e  f u l l  s t o r y .  
T h e  Voyager POINTER program r e q u i r e s  t h e  knowledge of n i n e  s t a n d a r d  
v i d i c o n  format  p o i n t s  ( s e e  S e c t i o n  IV-B-1  f o r  t h e i r  def i n i  t i o n )  , which 
i n c l u d e  n o t  o n l y  t h e  b o r e s i g h t - a x i s  a n g u l a r  o f f s e t ,  b u t  a l s o  t h e  t w i s t  
of  t h e  v i d i c o n  r e s e a u  g r i d .  T h e r e f o r e ,  t h e  v e c t o r s  of  a l l  t h e s e  n i n e  
p o i n t s  were ca lculaLed and t h e n  r o t a t e d  i n t o  t h e i r  proper  p r o j e c t e d  
p o s i t i o n .  

The r e s u l t s  o h t a i n e d  a r e  summarized i n  Table  5-2. Po in t  5 of  t h e  
narrow-angle cameras ( b o r e s i g h t  a x i s  5 L-vector)  was d e l i b e r a t e l y  s e t  t o  
cone = 90 deg and cross-cone = 90 deg .  The a d d i t i o n a l  p o i n t  1 0  ( p o i n t  5"' 
i n  F i g u r e  4 - 6 1 ,  S e c t i o n  IV-B-1) i s  t h e  p r i n c i p a l  p o i n t  ( o p t i c a l  a x i s  E 
v i d i c o n  no rma l ) ,  which may be  used f o r  c e r t a i n  photogrammetric  
eval  n a t i o n s .  

Table  5-1.  I S S  wide-angle camera h o r e s i g h t - a x i s  o f f s e t  

( a )  Voyager 1 

Cone Cross-cone 
1SS ( e l e v a t i o n )  (az imuth)  
S  IN of  set, off  s e t ,  

m i  n / a r c  min /a rc  

0  7 Zero Zero 
(L-vector )  (1.-vector) 

(b)  Voyager 2 

Cone Cross-cone 
TSS ( e l e v a t i o n )  (azimuth)  
S /N o f f s e t .  o f f  s e t ,  

ruin/arc min /a rc  

0 5 Zero Zero 
(L-vector  ) (JA-vector)  



Table 5-2. S c a n - p l a t f  o m  a l i gnmen t  of ISS cameras 

(a) Voyager 1 

I S S  S / N  0 5  ( n a r r o w - t i n g l e  raraoi-.a) 

V i d i c o n  Cone ang Le C r o s s - c o n e  
format points (elevcition) , cqnple ( a ~ i m i t t l i ) ,  

( p r o j e r t e d )  d e e  dc.g 

(b) Voyager 2 

17 i d i c o n  
f o r m a t  p o i n L s  

( p r o j c r t e d )  

1 

2 

3 
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5 
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