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1. INTRODUCTION 

This ca l ib ra t ion  handbook presents  the b a s i c  da t a  on the  c a l i b r a t i o n  of  
It provides both the  r e l evan t  d a t a  and a sum- the  MSS-D Fl igh t  Model (F-1). 

mary descr ip t ion  of how t h e  da ta  were obtained f o r  t h e  system radiometric 
ca l ibrac ion ,  system relative s p e c t r a l  response, and the f i l t e r  response char- 
acteristics f o r  a l l  24 channels of the  four  band MSS-D F-1 scanner. 

System radiometric ca l ib ra t ion  discussed i n  Sect ions 2 and 3 involves t h e  
ca l ib ra t ion  test procedure and r e s u l t i n g  test da ta  required t o  e s t a b l i s h  t h e  
reference l i g h t  l e v e l s  of t he  MSS-D i n t e r n a l  ca l ib ra t ion  system. 
t i o n  test w a s  performed severa l  times during t h e  course of MSS-D system test 
and evaluation. The h i s to ry  o f  these tests and the  r e s u l t i n g  da ta  are given 
i n  Section 4. 
b ra t ion  wedges f o r  all 24 channels) f o r  the in t e rna l  c a l i b r a t i o n  system. 

This  ca l ibra-  

Sect lon 5 then provides the  f i n a l  set of da ta  ("nominal" c a l i -  

The system r e l a t i v e  spectral response measurements f o r  all 24 channels of 
MSS-D F-1 a r e  given i n  Section 6. These da t a  are t h ~  s p e c t r a l  response of t h e  
complete scanner, which are the  composite of t he  s p e c t r a l  responses o f  the scan 
mirror  primary and secondary te lescope mirrors ,  €ibex op t i c s ,  o p t i c a l  f i l t e rs ,  
and detectors .  

Sect ion 7 provides u n i t  l e v e l  test  da ta  on the  aaeasurements of the  indi-  
vidual  channel o p t i c a l  transmission f i l t e r s .  
t o  spec i f i ca t ion  values. 

Measa+ performance is compared 

The de ta i l ed  procedures and extensive addi t iona l  support ing da ta  are being 
provided separately.  
t i o n  w i l l  be provided i n  the  MSS-D Fina l  Report. 

Further discussions of system test performance evalua- 





2. INTEGRATING SPHERE CALIBRATION 

The GSFC 30 inch in t eg ra t ing  sphere is t h e  primzry standard f o r  t h e  
radiometric ca l ib ra t ion  of t he  MSS-D. The objec t ive  of t h e  MSS-D radiometric 
ca l ib ra t ion  using t h i s  sphere is t o  e s t ab l i sh  t h e  reference l i g h t  levels of 
the MSS-D i n t e r n a l  ca l ib ra t ion  system (cal led cal wedge nominals) f o r  a l l  of 
t he  channels i n  t h e  four bands. . 

This ca l ib ra t ed  scanner is used as a t r a n s f e r  standard to c a l i b r a t e  t h e  
test col l imator  f o r  corrected s igna l  level and signal-to-noise r a t i o  per- 
formance est i r .z t ion during system acceptance t e s t ing .  

The ca l ib ra t ion  of the  in t eg rz t ing  sphere u t i l i z i n g  the  Kepco power supply 
w a s  accomplished a t  GSFC by means of a grintbg spectroradi-ter t o  compare t h e  
outpue from the  sphere with t h a t  of a standard of  s p e c t r a l  i r rad iance  (Refer- 
ence HS 248-6527]. The r e s u l t s  of t h a t  ca l ib ra t ion ,  performed i n  October 1980, 
are presented i n  Table 2-2-1. The t a b l e  lists the s p e c t r a l  r ad ian t  emittance,  
W ( i n  mW per cm2 per  km) , f o r  t h e  30 inch sphe r i ca l  i n t e g r a t o r  as a funct ion 
of wavelength X ( i n  pm). Table 1-2-2 g ives  the  r a t i o  of t he  sphere 's  r ad ian t  
emittance when operated with "N" lamps, WA(N) t o  t h a t  measuoemnt when operated 
with 12 lamps, Wk12). Since only one t ab ie  w a s  provided by GSFC f o r  a l l  bands, 
it is assumed t h a t  t h i s  r a t i o  is independent of wavelength. 

This is t h e  bas ic  information together with the  in t eg ra t ingsphe re  da t a  log 
l i s t i n g  opera t ing  cu r ren t s  provided t o  Hughes Ai rc ra f t  Company f o r  subsequent 
ca l ib ra t ion  of t he  MSS-D scanner. 

In  order  t o  express these da ta  i n  a form more usefu l  f o r  MSS-D system 
ca l ib ra t ion  and t e s t ing ,  t he  spec t r a l  rad ian t  emittance, WA, must be converted 
t o  radiance,  N. To do so requi res  two assumptions: 

1) The sphere aperture  is a Lambertian source; i.e., i t s  rad ian t  
i n t e n s i t y  va r i e s  as t h e  cosine of t h e  angle from t h e  normal t o  the  
aperture .  

The value of t h e  rad ian t  s p e c t r a l  emittance, Wk, given is t he  t o t a l  
power p e r  un i t  area p e r  un i t  wavelength i n t e r v a l  rad ia ted  i n t o  the 
forward hemisphae as is conventional. 

2) 

PRECEDING eAG6 BLANK NCYC FILMEQ 
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TABLE 1-2.1. 30 INCH SPHERlCAL 
INTEGRATOR SPECTRAL RADIANT 
EMITTANCE (A IN MICROMfTERS; 

WAIN MILLIWATTSCM' Z1) - 
x 

0.40 
0.45 
0.50 . 
0.55 
0.60 
0.65 
0.70 
0.75 
0.80 
0.85 
0.90 
0.95 
1 .o 
1.05 
1.1 

- 

- 

bJx 

5.23 
15.64 
31.41 
51.45 
72.31 
90.85 

108.7 
122.8 
132.5 
136.7 
142.2 
1 40.0 
139.5 
136.3 
133.8 

x 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 

- 
W x  - 

119.8 
107.4 
79.47 
69.87 
82.46 
53.25 
42.71 
28.80 
24.27 

- 

TABLE 1-2-2. N LAMP TO 12 LAMP 
RATIO OF INTENSITY IN 
SWER ICAL I NTiG RATOR 

Number of Lamps 

12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

~ 

1 .OOo 
0.912 
0.827 
0.734 
0.651 
0.566 
0.487 
0.406 
0.330 
0.25 1 
0.171 
0.0939 

Then f o r  t h e  case of a Lambertian r ad ia to r  t he  s p e c t r a l  radiance i s  
re l a t ed  t o  the  r ad ian t  spec t r a l  emittance by t h e  following: 

J. 
W), - 7 r N ~  

Note that even though t h e  t o t a l  power is radiated i n t o  t h e  forward hemisphere, 
or 2 H  s t e rad izns ,  

Therefore, 

t he  r e l a t ionsh ip  is as given and W A  2HNk.s 

N = 1 t /l+AdA 

s p e c t r a l  
band 

The radiance of each spec t r a l  band is cjbtainad by summing the  r ad ian t  s p e c t r a l  
emittance over t he  respective wavelength in t e rva l .  The da ta  provided i n  
Table I-2-I. is p lo t t ed  i n  Figure 1-2-1. In t h i s  f i g u r e  che p lo t t ed  points  have 
been connected by s t r a i g h t  l i n e  segments. The in t eg ra t ion  w a s  performed by 
merely summing the area bounded by these l i n e  segments. From the  f i g u r e  i t  
would appear t h a t  any e r r o r  involved i n  not f i t t i n g  a smoothly varying funct ion 

. through the points  should he q u i t e  small. 
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TABLE 1-2-3. RELATIONSHIP OF NUMBER OF LAMPS TOSFHERE RADIANCE 

RADIANCE N OF 30 INCH INTEGRATING SPHERE F 

I 

Radiance' 

1.644 
1.499 
1.360 
1.207 
1.070 
0.931 
0.801 
0.667 
0.543 
0.413 
0.281 
0.154 

P 

7 

Sand 1 

Volts 

2.652 
2.418 
2.194 
1.947 
1.726 
1.502 
1.292 
1.076 
0.076 
0.666 
0.453 
0.248 

- 
- 

- 
N 

- 
LWvd 

42 
38 
35 
31 
27 
24 
20 
17 
14 
10 

7 
3 

- 

- 

I 

Radiance. 

2.886 
2.632 
2.387 
2.118 
1.879 
1.633 
1.405 
1.172 
0.952 
0.724 
0.494 
0.271 

I 

end2 - 
7 

Volts 

5.772 
5.264 
4.774 
4.236 
3.758 
3.266 
2.81 
2.344 
1.904 
1.448 
0.988 
0.542 

.__ 

- 
N 

-I 

LWd 

63 
63 
63- 
63 
60 
52 
44 
37 
30 
23 
15 
8 

- 

- 

Radiance' - 
3.874 
3.533 
3.204 
2.844 
2.522 
2.193 
1 .a87 
1.573 

0.972 
0.662 
0.364 

1.278 

N 8 d 3  
_I - 

LWel 

63 
63 
63 
63 
63 
63 
63 
57 
46 
35 
24 
13 

- 

- 

- 
Radianca' 

13.176 
12.017 
10.897 
9.671 
8.578 
7.458 
6.417 
5.349 
4.348 
3.307 
2.253 
1.237 

- 

- 

Band 4 

Vola  

11.457 
10.450 
9.478 
8.410 
7.459 
6.485 
5.580 
4.651 
3.781 
2.876 
1.959 
1.076 

-- 
y3 

- 
N 

- 
Level 

63 
63 
63 
63 
63 
63 
63 
63 
60 
46 
31 
I7 

- 

- 
Radianw. Volts 

'* 

Band Wavelengths - 16376 p 3.1.1.1 
Band 1 (0.5 to 0.6 pM) 
Band 2 10.6 to 0.7 pcM) 
Band 3 (0.7 to 9.8 pMI 
Band 4 (0.8 to 1.1 &M) 

October 72380 Calibration 
Referencs HS 248-6527 

Using these computed values f o r  t he  radiance, inmstsity levels f o r  t he  
var ious lamp r a t i o s  from Table 1-2-2, and the specif%caution values f o r  t he  
m a x i m u m  b r i g h t  scene radiance, voltage range (0 t o  4 M t s )  and quant izat ion 
(0 t o  63 QL i n t e r v a l s )  (*SBRC 16376 - para 3.1.1.13 ad! para 3.1.1.7.11, 
Table 1-2-3 w a s  generated. This t a b l e  is the fundamenml t a b l e  used i n  t h e  
MSS-D scanner radiometric ca l ib ra t ion  discussed i n  the next sect ion.  

Radiance values f o r  a l l  bands were scaled by the same f a c t o r s  t o  t ake  
i n t o  account the number of lamps being used ou t  of a mttal of 12. Note t h a t ,  
i n  general ,  one might expect to need a d i f f e r e n t  s e t &  r a t i o s  f o r  each band. 

Quantization l e v e l s  were calculated e i t h e r  by m&tiplying the analog 
s i g n a l  by 16 and de le t ing  d i g i t s  to the r i g h t  of thedlmimal o r  by rounding 
t o  63 (binary 111111). In  each case the smaller of ~z%e two values obtained 
i n  t h i s  way was entered i n  t h e  table .  

*SBRC 16376; Development Specif icat ion f o r  Xultispedm& Scanner Unit. 



The in t eg rh t ing  &here used f o r  the MSS-D F-1 radiometric c a l i b r a t i o n  w a s  
the sphere: formerly used with t h e  Costal Zone Color Scanner (CZCS) I and u t i l -  
ized a Keppo (dc) pa& supply. This supply is voltage regulated r a t h e r  than 
current  regulated as w a s  the  EGG (ac) power supfiy used with the  MSS-D proto- 
f l i g h t .  
a procedure vds developed t o  ensure ca re fu l ,  regular  monitoring of lamp c u r -  
r e n t s  during radiometric ca l ib ra t ion .  

Since lamp current  s t a b i l i t y  is e s s e n t i a l  f o r  s t a b l e  r rdiance output,  

I I 

The MSS-D System Ld iomet r i c  Calfbration Test Procedure (3617000-623 
Rev A, SCN, No. 1, Ju ly  1981)* provides a de ta i l ed  desc r ip t ion  of the operat ions 
required t o  c o l l e c t  the da t a  necessary f o r  i n t e r n a l  c a l i b r a t i o n  system evalua- 
t ion.  
ro determine the folIDwing: 

. 

The: s p e c i f i c  ob jec t ive  of thege tests are t o  c o l l e c t  and process d a t a  

t 
1) Rkference c a l i b r a t i o n  wedge c h a r a c t e r i s t i c s  of the MSS-D scanner f o r  

both the  low and high gain modes. 

S , t ab i l i t y  of these nominal wedges throughout the course of t e s t ing ,  t o  
?sure the  s u i t a b i l i t y  of the  internal ca1'5ration system as a r e fe r -  
ence source f o r  gain and o f f s e t  estimatic;r, f o r ' p i c t u r e  correction. 

I 
2) 

i 
tests (ca l ib ra t ions  using the in t eg ra t ing  sphere) were conducted a t  

key points( during the  MSS-D system test p r  
b ra t ion  ch'anges due to; environmental exposurt. 

r'im t o  de t ec t  any p o t e n t i a l  cali- 

I 
C A L I ~ R A T I O M  TEST CONFiGURATION 

I 

The a ests were performed with the MSS-D scanner i n s t a l l e d  on the scanner 
alignment / f i x t u r e  (angle p l a t e )  as i l l u s t r a t e d  i n  Figure 1-3-1. 
ing spher4 was posit idned approximately 8 feet from the scanner and the o p t i c a l  
axis of tlie scanner aPigned with the cen te r  of the sphere exit  port ,  or aper- 

The in t eg ra t -  

Integrat ion Sphere (Kepco) Operation and Alignllent 
During the in t eg ra t ing  sphere tests, the field-of- 

protected from s t r a y  l i g h t  with an opaque p l a s t i c  
t 

I 

*SCN No. 1 t o  Rev. A, !written 22 Ju ly  1981, incorporates the procedure for use 
of the i t keg ra t ing  sphere with the Kepco power supply. 

i I 

I 
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* 
i 
I 

r, 
I 

tunnel, as i l l u s t r a t e d .  
t he  scanner as many room l i g h t s  as f e a s i b l e  w e r e  turned of f .  

To reduce ambient l i g h t  in te r fe rence  i n  t h e  area of 

I .  
I par t s :  

Each MSS system radfometric ca l ib ra t ion  test vas conducted i n  th ree  
i 
I 

1) Alignment Check: during t h i s  operat%on the  o p t i c a l  alignment of 
t h e  in t eg ra t ing  sphere with L i spec t  t o  the  scanner was checked. 
radiometric tes t  da ta  w a s  taken. 

Conditioning Orbit:  t h i s  o r b i t  w d s  used t o  condi t ion t h e  M s  at  
a f ixed radiance level .  
w a s  a tape  recording of the  e n t i r e  o r b i t  f o r  poss ib le  engineering 
study of PMT cha rac t e r i s t i c s .  

No 

2) 
The only test da ta  taken during t h i s  o r b i t  

3) Data Collect ion Orbits:  these  are standard o r b i t s  t o  collect:  da t a  
t h a t  is subsequently used t o  determine reference gains,  o f f s e t s ,  
and c a l i b r a t i o n  wedge c h a r a c t e r i s t i c s  f o r  both low and-high ga in  
modes. 

3.2 RADIOMETRIC CALIBRATION DATA REDUCTION 

Test proGedure 3617000-623 Rev. A, SCN No. 1, descr5bes the  test se tup  
and the s t e p s  required t o  obta in  the  necessary r a w  c a l i b r a t i o n  data.  These 
da ta  are reduced by the  da t a  reduction system (DRS) i n  a th ree  s t e p  process 
ouc-ined below (Reference H5248-0953, -0939, -0975). 

As described earlier, during a radiometric c a l i b r a t i o n  t h e  in t eg ra t ing  
sphere is set up so that it may be viewed by t h e  scanner. 
sists of observat ions of t h e  scanner response t o  t h e  in t eg ra t ing  sphere oper- 
a t i n g  a t  a p a r t i c u l a r  (ca l ibra ted)  radiance,  and the  near  simultaneous 
response of the  scanner t o  i ts  own 3.nterna.I c a l i b r a t i o n  system. 
t i o n s  a r e  repeated using a v a r i e t y  of i n t eg ra t ing  sphere radiances.  
approach of t he  t r ans fe r  of c a l i b r a t i o n  procedure is t o  use t h e  scanner 
response t o  the  in tegra t ing  sphere (over a l l  i n t eg ra t ing  sphere r a d i m c e s  f o r  
which data  were col lec ted)  t o  determine t h e  scanner gain and o f f s e t ,  w;~ich a r e  
then i n  tu rn  used t o  ca l cu la t e  radiances equivalent t o  t h e  observed response 
of the  scanner t o  i t s  i n t e r n a l  ca l ib ra t ion  system. 
the  f a c t  that t h e  scanner ga in  and o f f s e t  are allowed t o  vary,  o r  d r i f t ,  from 
one observation of t he  in t eg ra t ing  sphere t o  the  next. 

The input da t a  con- 

These observa- 
The bas i c  

This  is complicated by 

When t he  scanner gain and o f f s e t  are allowed t o  d r i € t ,  i t  is not  poss ib le  
t o  obtain an arsalytic expTession f o r  the  gain and o f f s e t ,  and thus a l s o  f o r  
the  i n t e r n a l  cal ibrat ior .  radiances. This  occurs because f o r  each p a r t i c u l a r  
gain and o f f s e t  combination the re  is only a s i n g l e  in t eg ra t ion  sphere radiance 
from which they may be derived. 
from the  ana lys i s  do not d r i f t  i n  t i m e ,  however, and t h i s  f a c t  can be used to 
devise  au i t e r a t i v e  so lu t ion  t o  the  problem which does converge t o  the  co r rec t  
i n t e r n a l  c a l i b r a t i o n  s y s t e m  radiances (as w e l l  as the  cerrect scanner gain and 
o f f s e t  a t  each in t eg ra t ing  sphere radiance). 

The i n t e r n a l  ca l ib ra t ion  raL+a?ces which r e s u l t  

1-9 



I ! 
The procedure is i n i t i a l i z e d  by est imat ing t h e  scanner ga ins  and o f f s e t s  

based on the  assumptlon that they d c *  not d r i f t .  These a r e  then used t o  esti- 
mate the  in t e rna l  ca l ib ra t ion  radiances.  A test is then made f o r  
using the  ms deviat ion 'of  t h e  observed scanner s igna l  levels f r o  
dic ted  using the  currerit estimates of t h e  scanner gain and o f f s e t ,  t he  i n t e r n a l  
ca l ib ra t ion  radiances, a d  a l s o  the  m a  devia t ion  between the  present  add , 

previous estimates of scanner gain and o f f s e t  and i n t e r n a l  c a l i b r a t i o n  rPdi- 
ances. I f !  t h e  convergence c r i t e r i a  a r e  not- s a t i s f i e d ,  then the  next i teration 
is begun bf using the  current estimate of the  internal c a l i b r a t i o n  radiances 
t o  produce!new estimates of the  scanner gain and o f f s e t  a t  each observation of 
t h e  in t eg ra t ing  sphere (using both in t e rna l  and ex terna l  ca l ib ra t ion  da ta ) .  

n radiances are then re-estimated using these  revised 
ets, and the  t e s t  f o r  convergence is repeated. This 

process continues u n t i l  e i t h e r  i t  converges o r  a maximum number of i t e r a t i o n s  
is exceedeh. i 

i 
The 

120 

d i s t i n c t  

3.3 RAD1 

Dati 
l oca t  ion 
s igna l  an 
leadinq Q 
radiance 
c a l i b r a t  

The 

1) 

Love procedure r e s u l t s  in:  
I 

(6  channels) (20 i n t e rna l  c a l i b r a t i o n  words/channtl) 
! 

i.e., independent) radiances f o r  each of t he  four  scanner bands. 

i 
METRIC CALIBRATION DATA COLLECTION 

co l l ec t ion  f o r  radiometric ca l ib ra t ion  of the  MSS-D involves prec ise  
f the  leading edge of t he  ca l ib ra t ion  wedges and the  co l l ec t ion  of 
l i t u d e  values  a t  20 words located accura te ly  with respect  t o  t h a t  
ge. 
alues a t  each of the  wedge words i n  the  course of subsequent 
ns  . 
tep-by-step procedures used a r e  described below. 

Finding t h e  jca l ibra t ion  wedge. 
subroutine has t o  loca t e  the c a l i k a t i o n  wedge f o r  t h e  da ta  col lec-  
t i o n  (DACOL)! subroutine.  
i n t e rva l  of14300 t o  4500 words a f t e r  scan monitor p u l s e  1 (SMP1). 
The FETH suhroutine c o l l e c t s  t h i s  block of da t a  fo r  t he  f i r s t  channel 
i n  the  da t a i se t .  
W1. 
i n t e rva l ,  data  co l l ec t ion  cannot continue. 

Narrowing tbe co l l ec t ion  window. 
t o  c o l l e c t  ROO words of leading edge da ta  €of a l l  channels. For t h i s  
reason, FETh examines the 200 words of da ta  on the  first channel, 
and selectsfa 40 word window t o  c o l l e c t  fo r  a l l  channels. The win- 
dow is posi.kioned so t ha t  the first word of the  c a l  wedge which has  

Moreover, t h i s  must be done repeatably i n  order  t o  compare 

i 

i 
i 

The ferwaxd edge threshold (FETH) 

It assumes the  wedge is located t r i thin t h e  

Thfs in t e rva l  correspcnds t o  4 3  t o  45 m s  a f t e r  
I f  tge leading edge o f  the  c a l  wedge is not within t h i s  

I 
The DRS does not have the c a p a z i t y  

$ 
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Words From Zero Crossfng 

F i r s t  Sample L a s t  Sample Incremeat Between Samples 

256 788 2P 
360 788 22 
300 7 78 22 
330 7 8 6  24 

460 878 22 
5 80 960 CLC - 

ORIGINAL PFGE 15 
OF POOR QUALW 

a s igna l  l e v e l  value i n  quantum l e v e l s  QL equal. t o  28 0 .  grec ter  
occers  a t  about rord 10 i n  t he  window for the f i z s t  cnanuel. The 
higher channels w i l l  occur somewhat l a t a  i n  t h e  vindow, 

The 40 word window corresponds t 3  0.4 as. 

nels ,  :he leading edge must remain LILdbfe ' 0  about p lus  o r  minus 
0.10 ms f o r  t h e  durat ion of t h e  daca set (a-wut 40 seconds' i n  t h e  
worst case).  

Slope determfnation. 
for a l l  zlannels.  
edge f o r  each channel. FETH determines the sZope be'rweer. t h e  f i r s t  
two words on t h e  leading edge of each scan vMch have s igna l  lave1 
values equal to  25 QL cr g rea t e r ,  and averages these  30 numbers f o r  
each channel. 

Cal ibrat ion wedge da ta  co l lec t ion .  The submutine DACOL then c31- 
l ec t s  100 scans worth o f  data  f o r  each channel. In  addi t jon t o  
20 words of video da ta ,  40 words of c a l i b r a t b m  wedp;e leading ecige 
and 558 words of t r a i l i n g  e2ge data  are co l l e r t ed .  Ultimately,  
20 words of d a t a  from t h e  c a l i b r a t i o n  wedge 
t r a i l i n g  edge and us2d for data  reductizn.  

Since t h e  leading edge 
'of t h e  c a l i b r a t i o n  wedge is spread i n  t i m e  for th,: d i f f e r e n t  chan- 

The FETH rout ine c o l l e c t s  30 scans GE cal wedge 
It then computes the  averas= s lope of t he  leading 

fielecte3 out  of t h e  

Determining zero crossing. The f i r s t  word on Che Leadhg edge -7ith 
a sipnaL leve: value equal t o  28 QL o r  grea te r  is found. Usi.rg che 
average slope deternlned above, t h e  s lope from t h e  threshold value 
j u s t  found is.pro'ected Jack t o  the zero qcanza l i ne .  The word 
posi t ion found is used f o r  determining the  20 Qta m r d s  to  be 
selected.  
Select ing data values. 
t he  first c a l l h r a t i o n  wedge da ta  value is the sample at the  zero 
crossing p lus  256 words. Ever; Lwenty-eighth Mord js a l s o  taken 
u n t i l  t he  l a s t  sample a t  the zezo crossing plms 788 wards. 
lawing c h a r t  gives  t h e  f i r s t  sample, l as t  sample, .ind d e l t a  between 
samples for each band f a r  high and l o w  g. 'n. 
selectell t o  maximize the  number of samples bxweea quantum l e v e l s  4 
and 59 (not saturated)  f o r  each channel. The final constants  selec- 
ted were a compromise t o  accommodate the  d i f fe ren t  output.cr of tts 
two (System A, System B) ca l ibra t ion  lamps. 

For example, 13 the  I& gain mode f o r  ba.id 1, 

The 501- 

These values  sere 

Gain Band '.- 
High 

2 
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3 

4. RADIOMETRIC CALIBRATION TEST HISTORY 
I 

I 

18 Aug 81 

28 Aug 81 

I ES, Bldg S3 Area S1 

i ES. EIdg S3 Area S1 
! 

The his tory  of t h e  radiometric ca l ibra t ions  perfonmed during MSS-D Fl?.ght 
Model (F-1) t e s t i n g  is given i n  Table 1-4-1. The ca l ibra t ion  test number i n  
the left-hand column is used i n  the  p l o t s  which follow t o  i d e n t i f y  the date ,  
locat ion,  and s p e c i a l  test configurations or conditions for the  tests 
performed. i i I i 

It w i  ?! Se noted i n  examining the p l o t s  of radiance values a t  ea& wedge 
word t h a t  t here is a s+gni i ican t  difference between System A and System B. The 
radiance output from the ca l ibra t ion  lamp i n  System A is 15 t o  20 perce 
higher than tha t  for System E. 
observed during the  f i r s t  attempt t o  perform a radiometric ca l ibra t ion .  
necessi ta ted carefu l  se lec t ion  of the nominal wedge words t o  ensure t h a t  a 
s u i t a b l e  set of radiance values would be avzi lable  f o r  each system without 
having t o  \change the  word c o l l e c t  locat ions a s  a function of system configura- 
t ion  (i.e.i, A o r  B).  
words of the wedge when system B is not. Moreover, System B on occasion shows 
values of pmS (percent) i n  excess.of 100 percent, which reflects the  d i s p a r i t y  
between Aiand B, s i n c e  at those values of radiance a y s t m  A is in saturat ion.  

This d i s p a r i t y  i n  lamp r a d j a r t  output w a s  
It 

Thus, System A of ten  is f n  saturat ion f o r  the f i r s t  f e w  

I 

4 

6 

, 
! 

Caiibcatio L 

i 
22 Sep 81 
1 Oct 81 

9 Oct 81 

ES. B’lg 53 Area S1 
I ES. Bldg S3 Area S1 

I ES, Eldg S3 Area S1 

Oescrimionidummaw 

First radiometric calibration performed on flight 
model (F-l! 
Radiometric cdi’ltratian done after 1) acoustic test, 
2) replacing ,-;lpacitort on boards A1A3 and At Ad 
Pou-EM1 and post-vibration radiometric calibration 
pre-thermal vacuum radiometric calibration 
Post-thermal vacuum radiometric calitration 
First radiometric calibration after replacement of 
flex pivots 
Radiometric calibration done ahir penalty acoustic test 
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It w i l l  be noticed a s  w e l l  tha t  le eighth word of the  wedges is nQt 
located a t  a value commensurate with the near exponential decay of trie wedge, 
This is due t o  a hole  (discontinuity) i n  the wedges and is evi 
the wedges i n  varying degrees. It io p a r t i c u l a r l y  evid 
where the radiance values f o r  the  e j b z h  and n in th  word 

... 
While t h i s  fea ture  of t h e  wedge is undesirable, the  presence of the  "hole" 

'* in t h e  generated nominal 
of these wedges f o r  com- 

i n  the n e u t r a l  density f i l t e r ,  o r  correspondin 
' c a l i b r a t i o n  wedges shown does not a f f e c t  the  u 

puting gain and o f f s e t  as long as the e f f e c t  i 
would appear t o  be indicated by the p lo ts .  

le (repeatable).  This 

The remainder of t h i s  sec t ian  provides computer p l o t s  of t h e  c a l i b r a t i o n  
h is tory  f o r  a l l  24 channels, at each of the 20 words i n  the  channel, f o r  each 
of the d i f f e r e n t  modes and system configurations. The p l o t s  are arranged with 
System A and System B configurations f o r  each channel on facing pages. Low 
gain mode performance is presented f i r s t  €or a l l  24 channels, followed by high 
gain modes f o r  the  f i r s t  12 channels. In  each case, FXcts for Systems A and B 
are presented on facing pages. 

For convenience of p lo t t ing ,  the p lo ts  a r e  a l l  nomitalized t o  radiance 
i n  percentage of qw, where qw is t h e  spec i f ica t ion  value of the maximum 
br ight  scene radiance given i n  Table 1-2-3. These vaZues are the following: 

Band 1 = 2.48 (mW ster-') 

Band 2 - 2.00 (mW cmW2 ster-l) 

Band 3 = 1.76 (mW ster-l) 

Band 4 = 4.60 (nW sterol) 
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Low 

High 

5 .  MSS-D CALIBRATXON WEDGES, FINAL CALIBRATION 

Words From Zero Crossing 

Band F i r s t  Sample L a s t  Sample Increment Between Samples 

1 256 788 28 
2 360 778 22 
3 360 778 22 
4 330 I 66 24 

1 460 878 22 
2 580 960 20 

1 

The f i n a l  rad iometr ic  c a l i b r a t i o n  of t h e  MSS-D F l i g h t  Model (F-1) system 
was performed a t  Hughes Aircraft Company on 9 October 1981 at  t h e  c 
OS t h e  pena l ty  a c o u s t i c  test. 

The c a l i b r a t i o n  wedges obtained dur ing  t h i s  c a l i b r a t i o n  test wi th  the  
30 inch i n t e g r a t i n g  sphere  are presented i n  c h i s  section €or a l l  24 channels  
of t h e  MSS-D p r o t o f l i g h t  system, For each o f  i t s  d i f f e r e n t  modes (low (jnin, 
high ga in)  and system Conf igura t ions  (System A, System B), The p l o t s  present  
t h e  rad iance  va lues  of the  i n t e r n a l  c a l i b r a t i o n  system a t  each of t h e  20 words 
of t h e  c a l i b r a t i o n  wedge. These rad iance  va lues  are presented i n  terms of t he  
maximum br igh t  scene radiance,  nmx as given by t he  System s p e c i f i c a t i o n .  These 
va lues  of ~IWX are as follows: 

Band 1 = 2.48 mlJ cm-’ ster-1 

-1 tiand 2 -  * 2.00 mtJ ster 

-1 Band 3 = 1.76 mW cm-* ster 
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I 
These "prof 113'' views, of- 

wedge caused by the hole  in the 
v i s i b l e  i n  Band 1, occurring a t  about the nin 
In Band 2 i t  is more evident,  occurring a t  t h  
mare pronounced i n  the Sys,tem 
shows the most pronounced discont inui ty  i n  the slope of the "exponential" cal 
we 
t e  h i b i t i n g  a s i g n i f i c a n t  e f f e c t .  These p l o t s  demonstrate more clearly 
the f ea tu re  observed i n  the h i s to ry  p l o t s  of the previous sec t ion  where &he 
values for words 8 and 9 i n  Band 4 were nearly overlapping (especial ly  fn 

a t  word 9, with Sys,tem B being more abrupt than System A, but  b-th sya- 

System B). 1 

It shoulri be noticed 'from t!.e p l o t s  t h a t  Sjstem A fs always more sa tu ra t ed  
59) tha6 System B; t he  rad."ance values a t  corresponding word numbers are (QL 

higher i n  Sysfem A than i6 System E. 
between the  cg l ib ra t ion  lamp radiant  outputs  for Systems A and B as observed 
earlier. 

Neither bf the two characteristics mentioned above (Le. , t he  "bump" i n  

This is the  r e s u l t  of t he  d i f f e rence  

i 

! 

t h e  cal wedge; and the  d i s p a r i t y  between System A and System B cal lamp outputg) 
need have any appreciable< e f f e c t  on the  u t i l i t y  of the i n t e r n a l  c a l i b r a t i o n  
system provi4ed t h a t  the c a l i b r a t i o n  is s t a b l e  and gives repeatable  values a t  
the  se l ec t ed  :wedge words, This type of perfomnee Fs not ideal, of course. 
It provides more of a nuisance i n  the se l ec t ion  o f  appropriate  nominal wedge 
word sample 

p l o t  the "caf wedges," a ,set of t ab l e s  is provided a t  the end of%is section. 
It should be noted t h a t  the processing rout ine only accepts  values (in QL) 
between 4 and 59. 
the  wedge ex eeded QL = 39 a t  these words. 

ocat ions than it does any impact on system performance. t For convenience and 'accuracy i n  determining the  values of q used t o  

The zeros which appear i n  some of the  t ab le s  i n d i c a t e  t h a t  

f t 
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ORlGINAL 
OF POOR 

i 
PAGE ?S 
QUAL .j Y 

Vord t 

1 
2 

- 3  
4 
5 
6 
7 
3 
9 

10 
11 
12 
13 
14 
15 
16 
17 
1 8  
19 
20 

Word 

1 
2 
3 
4 
5 
6 
7 
3 
9 
10 
11 
32 
13 
14 
15 
?. 5 
17 

1s. 
20 

1I-I . 

1 

. j  

i 

! 
i 

Band 1 System A Low Gain 
. #  

I 
8 Radiance (4 of Eta-nax) 
1 

i 

Channel 
2 3 a 5 1 -  

I 

90 . 88 a 92 -84 90 . 56 91.29 89 -21 
78.25 , 79-71 81 . 43 79.42 80.07 
67.42 68.69 70.16 68.44 G8.93 
59.03 * 60.14 61.43 59 e92 60-41 
51.20 ; 
44.59 ' 

38.83 
33.83 ! 
29.85 i 
25-76, 
22.35 : 
19.54 
17.02 1 
14.74, 
13.06 I 

11-29; 
9.77 ' 

8.40, 
7.10; 

I 

I 
I 

i 
L 

Band 

1 
I 

i 
I 
i 

87 . 82 
7e-24 
69.98 
63,O 

52.22 
44 -70 
40.22 
36.01 
32.33 
29.06 
26 15 
23. SG 
21 007 
lc;.3:7 
16 .3p 
15 . Cid 

7 j  

5 5 . 4  

13. $5 

i 

52 . 16 
45.42 
39.55 
34 . 46 
30.42 
26.24 
22.77 
19 e91 
17 -33 
15.01 
13.31 
11 . 50 
9.96 
8 - 5 6  
7.23 

53 -28 
P G  . 40 
40.40 
35.20 
31.07 
26 . 81 
23 . 26 
20.33 
17 -71 
15 -33 
13 . 59 
11.75 
10 . 17 
8.75 
7.38 

51.97 
45 . 26 
39.41 
34.33 
30 -30 
26-15 
22.69 
19.83 
17 -27 
14.96 

11 46 
9 -92 
8.53 
7.20 

13 26 

52 . 30 
45.63 
39.73 
34.62 
30.55 
26.36 
22 . 87 
20 eo0 
17 - 4 2  
15.01: 
13 -37 
11 . 55 
10 .oo 

0.60 
7.26 

6 

90 050 
79.38 
68.40 
59.38 
51 . 94 
45.23 
39.39 
34.31 
30 . 29 
26.13 
22.67 
19.82 
17 . 26 
14.95 
13.25 
11,25 
9.92 
8.52 
7.20 

2 Systen A Low Gain 

Radiance ;% oE Eta-max) 
Channe 1 

8 

90.23 
80.60 
71 . 90 
64.75 
57.40 
53.G5 
45.93 
41.33 
37.03 
33.22 

26.87 
24 . 2'3 
21.65 
13 .3s  
15.36 
15.46 
13.23 

2 3 . e ~  

9 

91 . 48 
C1-71 
72-90 
63.464 
58.19 
54.33 
4G. SG 
41.90 
37 . 51 
3 3 - 6 8  
SO . 27 
27.24 
2.". 5 4  
;11.SS 
1 9 . 6 5  

lS.G7 
.i'2 

- 9  r n  .. I . .I .' 
1-1 27 

10 

93.08 
83.12 
74.17 
66.79 
53 .21 
55.34 
: 1 * 3 8  
42.63 
38.17 
34-27 
30.30 
27.72 
24.97 
?2 . 33 
? C .  .70 
17 . 3 1  
15.:4 
11"27 

11 

89.21 
79.52: 
71.09 
t4.01 
56.74 
53.04 
4.5.41 
42: .86 
3c.sI; 
32.b4  
2's 52 
26 .s5 
23 . 3; 
21 * 40 
13.17 
J. 7 . .; 7 
1 5 .  :e 
3.3 . 67 

12 

as .x 
80.13 
71.53 
65.43. 
57 -10 
53 e 37 
45.69  
4 1  . 11 
36.81 
33 .Q4 
29.70 
2G . 7 3  
21:- .@C 
21 . 53 
I 9 . 2 3  
i'l  .27 
15.3; 
12.75 



Word C 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1 4  
1 5  
16 
17  
18 
1 9  
20 

Ward # 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13  
14  
15  
16 
17 
18 
19  
20 

Band 

13 

91 . r3  
81.18 
72.56 
64.39 
58.36 
52  . 98 
46 . 51 
41.60 
37.28 
33.49 
30.22 
27 23 
24.61 
22 . 24 
20.02 
17.93 
16.10 
14.34 

Band 

19 

85.93 

65.32 

48.31 
44.70 
42 . 36 
35.07 
31.13 
27.55 
24 e73 
22.29 
19.90 
17 . 89 
16 -03 
14 .40  
1 3  .OG 
11 .so 

75.10 

57.40 

CRlGINAL PAGE 
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3 System h 

Radf'ance (% o f  Eta-ma%) 
Channel. 

1 4  15  16 

92.99 
82.84 
74.03 
65.70 
59.55 
54.06 
47.45 
42.45 
38.05 
34.18 
30.84 
27.78 
25 . 12 
22.69 
20 . 43 
18.30 
16 . 43 
14 .64  

* 
93 . 92 
83.64 
74  .77 
66.36 
60 . 15 
54.60 
47 . 93 

38.43 
34.52 

28.06 

22.92 
20.63 
18 . 48 
16.59 
14.78 

42 . a7 

31.14 

25.37 

94.45 
84.14 
75.19 
66.73 
60.48 
54.91 
48.20 
43.12 

34.72 
31.32 
28.22 
25 . 51 
23 .OS 
26.74 
18.59 
16.68 
14.36 

38.64 

4 System A 

20 

96 . 85 
84.65 
73 .62  
64.70 
54.45 
SO .38 
47.74 
39-53  
35-08  
31.06 
27 . 87 
25.12 
22.43 
20-16 
18-12  
16 .25  
34.72 
13.30 

17 

94 51 

75.24 
66.78 
60 e 53 
54.95 
48 . 23 
43 .15 
38.67 
34.74 
31.34 
21) . 24 
25 . 53 
23.06 

18.60 
16.69 
14"87 

84.19 

20.76 

Radiance ( a  of Eta-wax) 

21 

89.90 
713.57 
68.33 
60 . 06 
so . 54 
46 .77 
44.32 
36.69 
32.57 
29.83 
25 . 87 
23.32 
20. c2  
18 .72  
16 - 8 2  
15.06 
1 3  -57  
12.35  

1-1 28 

Channel 
22 , 

95.89 
83 . 80 
72.88 
64.06 

49.88 
47.27 
39.13 
34.73 
30.75 
27.59 
24.87 
22021 
19.35 
17.94 
15.07 

53.91 

14.58 
13017 

. 

Loti Gain 

1 8  

91 . 80 
81.78 
73 -09  
64.86 
58.79 
53037 
46 85 
41 m 91 
37 a56 
33.74 

27043 
30.44 

24.80 
22.40 
20.16 
18.06 
16 22 
14 45 

Low Gain. 

23 

94.61 
82.69 
71 .91  
63.20 

49 -23. 

38,62 
34,27 
3 0 - 3 4  

53.19 

46.64 

27.22 
24 . 54 
22.92 
i 9 . n  
17 a70 
15 .85  
14 .38  
12.39 

24 

92.86 
81.15 

62.03 
52 . 21 
48 -30 
45.77 
37 30 
33.64  
29.78 
26 - 7 2  
24 - 0 8  
21 -51  
13.33 
17.37 
1S.56 
i4.12 
12.75  

70  58 
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' 1  
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 
1 3  
1 4  
1 5  
16  
17  
1 8  
19 
20 

Word P 

3 
2 
3 
4 
5 
6 
7 
G 
9 

10 
11 
12 
1 3  
1 4  
1 5  
16 
17 
1 8  
1 9  
20 

Band 

1 

30.54  
27 .41  
24 .60  
21 .94  
19 .80  
17 .78  
15 .98  
14 .29  
12 .83  
11 .44  
10 .23  

9 . 0 8  
8 ,08  
7 012 
6 .33  
5.44 
4 .71  
4 .12  

Band 

7 

3 6 . 1 8  
27 .38  
24 .94  
22  . 53 
20 .43  
18 .48  
1 6 . 7 2  
15 .03  
13 .51  
3.2 . 1 6  
1 1 . 0 2  

9 . 6 5  
8 .62  
7 055 
6 . 6 0  
5 .47  
2 009 
3 .20  

. I -  
I .  

* f  

I System A High Gain  ! 
Radiance (4 of Eta-naxl' 

2 

31.08 
27.90 
25.03 
22.33 
20.15 

16 . 26 
14 .54  
13.06 
11 .65  
10 .41  

8 .22  
7 .25  
6 . 4 4  
5 .54  
4.P9 
4 .19  

18 .10  

9.24 

2 

8 

30.76 
27 . 90 
25.42 
22 . 96 
20 . 82 
18 .83  
17 .04  
1 5 . 3 2  
13.77 
12 .39  
11 .23  

9 .84  
8 .78  
7 .70  
6 . 7 2  
5.5:: 
4.17 
3.27 

Cha nne 1 
3 4 

31 0 86 
28 .60  
25 0 66 
22 . 30 
20.66 
18 .56  
16 . 67 
14 .91  
13 .39  
11 . 54 
10 .67  

9.47 
8 .43  
7 .43  
6.60 
5 .60  
4 .91  
4 .29  

31.17 
27.98 
25 . 10 
22 040 
20 . 21 
18 .15  
16 .31  
14 .53  
1 3  .lo 
11.68 
10.44 

9.27 
8.25 
7.27 
6 .46  
5.56 

4 020 
4 .a0 

System A 

5 

31.34  
28.13 

22 . 52 
20.32 
18 .25  
16 . 40 
1 4 .  G6 

11 .74  . 
10.50  

9 .32  
8.29 
7 . 3 1  
6.50 
5.58  
4 .83  
4.23 

25 0 24 

13.17 j. 

6 

31.00  
27 .83  
24.97 
22 .28  
20 .10  
18 .05  
16.22 
14.50 
13 .03  
11.62 
10 .38  

9 .22  

7 .23  
6 . 4 2  
5 .52  
4 077 
4 .18  

8 020 

High G a i n  

Radiance ( 0  of Eta-max) 
Channel 

9 

31.03 
28.14 
25.63 
23 016 
21 . 00 
18 .99  
17 .19  
15 . 45 
13 . 89 
12.50 
11 .33  

9 .92  
3.C6 
7.76  
6.78 
5.63 
4.21 
3.21 

.I-1 29 

1 0  * 11 

31 - 8 3  
28 . 87 
26 .30  
23 - 7 5  
21 . 54 
19 .48  
17 .63  
15  . 85 
14 .25  
12 .82  
l l . G 2  
10 .18  

3 .OS 
7 .36  
6 . 3 5  
5 . i 7  
4 . 3 2  
3 . 3 s  

30 . 91  
28 .03  
25 . 53 
23.07 
20.32 
18 .92  
17 .I2 
1 5 . 3 9  
1 3 . 8 3  
1 2  45  
11 .23  

9.89 
8 .32  
7 .73  
6 . 7 5  
5 .60  
4 - 1 9  
3 .23  

12 

31 . 03 
28 .14  
25 .64  
23.16 
21 000 
19 .00  
1 7 . 1 9  
1 5 . 4 s  
1 3 . 8 9  
12.50 
11 .33  

4 .93  
8 .86  
7 .76  
ti . i 8  
5 . 5 3  
4.21 
3 .23  
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Uotd # 1 

1 
2 
3 
4 
5 
6 
7 

. 8  
9 
10 
11 
12 
1 3  
1 4  
1 5  
16  
17 
1 8  
1 9  
20  

\?ordl P 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 I. 
12 
1 3  
1 4  
1 5  
16 
17 

1 3  
20 

l a  

Band 1 System B Low Gain 
i 
I Radiance I% of Eta-max) 
I 

1 :  
i 

95.92 - 
82.89 i 
72.15  
62 . 90 
54 .72  
47.41 , 

36.10 
41  063 

31 .34  
27 .88  ; 
23 .63  i 
20.19 ; 
17 .79  j 
15 .43  i 
1 3 . 7 1  
11 .86  1 
1 0 . 3 5  

8.90 ; 
7 . 5 5  ' 
6 .63  . 

i 

i 
I 

t 

Band 

2 

93 ,35  
80 . 67 

61 .21  
53.26 

40 .51  
35 .13  
30.50 
27.14 
27 000 
19.94  
17 031 

13 .34  

70 .21  

46.15 

15 .02  

11 . 54 
1 0  . 07 

8.67 
7 . 3 5  
6 .45  

2 

8 
I 

7 1  
I 

Channe & 
3 4 

90.73 86 0 50 
78.41 74 .75  
68 .25  65.06 
59.50 56 .72  
51.76 49 035 
44.85 42 476 
39 .38  37 . 54 
34.15 32.56 
29 .65  28 27 
26 .38  
22 .35  
19 .38  
16 0 82 
14.60 
12.97 
11 .22  

3.79 
8 .42  
7.15 
6.27  

25.15 
21.31 
1 8  4% 
16.04 

12436 
10 .69  

9.33 
8.03 
6 . 8 1  
5 .98  

13 .92  

System B 
t \ Radiance (3  of Eta-nax) 

Channel 

5 

86 077 
74 .99  
65 .27  
5C.90 
49.51 
42  . 90 
37 066 
32 . 66 
28 .35  
25 . 23 

18 .54  
16 -09  
13 .96  
12 . 40 
10.73  

9 .36  
8 .06 
6 .83  
6 .00  

21-38 

6 

88 .11  
7C.15 
66 27 
57 .78  
50 . 27 
43.55 
38 .24  
33.16 
28.79 
25 .61  

1 8 . 8 2  
16  e34 
1 4 . 2 8  
12 .59  
10  . 90 

9.50  
8 .18  
6.34 
6 009 

21 071 

104.98  : 102 .72  
93 .02  91 .01  
82.42 1 80.64  
74.50 72 .89  
66.17 I 64 .74  

53 .10  51.95 
49.27 40.21 
41 .83  t 40.93 

59 .05  1' 57.78  

37 .51  1 36.78  
33 .56  32 .83  
23 -35  i 23.21  

24027 I 2 3 . 7 5  
27 .22  ; 26.G3 

21 .96  21.48 
1 9 . 6 5  i 19.23  
17 .50  I 1 7 . 1 2  
15.GG i 15 .32  
14 .07  1 13.76  
12 .47  , 12 .20  

i 

Low Gain 

9 

98.76 

77 .54  
70 .08  
62  . 25  
55 .55  
49 095 
46.35  
39 .35  
35.29 
31 . 57 
28 .0& 
25.GO 
22.84 
20 . 66 
18 .43  
16.4C 
14 .73  
13 .23  
11 .13  

87 .51  

1-130 

1 0  

98 029 
87 .08  
77.16 

61.93 
55.29 

46.13 

35 .12  

27.35 
25.43 
22.73 
20.56 
1C.40 
16 .30  
1#'.55 
13.17 
lL.67  

69 .75  

49 .71  

39.16 

31 .42  

11 

93 . 1 0  
82 . 49 
73 .09  
G6 . 06 
58 .68  
52 . 37 
47 009 
430G9 
37 003 
33.27 
23.76 
26 .47  
24 .14  
21 .53  
13 .47  
1 7 . 4 3  
15 .51  
13.6'; 
12 .47  
11 005 

12 

94.60 

74 .27  
67 -13  
59.63 
53 . 22 
47 085 
44.40  
3 7 . 6 3  
33 .80  
30 .24  
26 . 90 
24 . 53 
21 .80  
1 3 . 7 3  
17 - 7 1  
L5.77 
111.11 
lZ.6C 
11 . 23 

83 0 82 
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tlord E . 
1 
2 

4 
5 
6 
7 
8 
9 

3 .  

10  
11 
1 2  
1 3  
1 4  
1 5  
16 
17 
18 
1 9  
20 

Word # 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
1 3  
1 4  
15 
16 
17 
1 c 
19 
20 

Band 

1 3  

92 . 52 
82.24 
73.09 
65.06 
57 . 86 

48.06 
41.23 
36.97 
32.98 
29 .S6 
26 . 95 
24.22 
21.84 

17.73 
15.86 
14.30 
12.98 

51 040 

19.70 

Band 

1 9  

83.93 
72,90 
63.39 
55.46 
47 . 95 
42.60 
37 -52 
32.08 
31 -81 
2G -23 
23.33 
20.78 
18.64 
16.85 
15.17 
13.81 
12.60 
11.36 
10.21 

9 - 2 6  

3 System E5 

Radiance (9  of Eta-nax 
Channel 

1 4  

91.43 
81 -27 
72.22 
64.29 
57 -1 8 
50 . 80 
47 049 
40.74 
36.53 
32.59 
29 e21 
26.63 
23.93 
21.58 
19.47 
1'1 . 52 
15.67 
14.13 
12.83 

4 

20 

95.63 
83.05 
72.22 
63.18 
54 . 63 
48.53 
42.75 
36 . 55 
36.24 
29.86 
25.53 
23.67 
2 1  -23 
19.13 
17 2: 
15.73 
I. 4 . 3 G 
1 2  . :' 4 
11.63 
10.5s 

Low Gain 

15 

89.37 
79.4s 
70.60 
62.85 
55.90 
49.65 
46.43 
33.83 
35.71 
31 .8€ 
28.56 
26.03 
23.39 
21 010 
19.03 
17.12 
15.32 
13  . 81 
12.54 

16 

S6.35 
76.76 
68.22 
60.72 
541 . D l  
47 -97 
44 -86 
38-48 
34.51 
30.78 
27.59 

22.60 
20.38 
18.39 
1 G .  55 
14.80 
13.35 
12.11 

25 1 5  

System B 

17 

89.02 
79.13 
70.32 
62.60 
55.67 
49.4s  
46 24 
39.G7 
35.57 
31.73 
28.44 
25.93 
23 e30 
21 e o 1  
18.96 
17.06 
15.26 
13  -76 
12.39 

Low 

Radiance ( 3  of Etn-mnx) 
Channel 

21 

85.24 
76.64 
6 6 . 5 5  
5C.31 
50.42 
44.78 
39.15 
33.73 
33.44 
27.57 
2.1 -53 
2 1  . 8 5  
13.59 
17.71 
1 5 * 3 5  
1 4  . 52 
13. "5 
11.?4 
1.0.73 
9 . i 3  

1-1 31 

22 2 

95 . 28 
82.76 
71.96 
62.96 
5 4 . 4 4 
411.36 
42.59 
35.42 
36.11 
29.77 
26.48 
23 -53  
21.16 
13.12 
17.23 
1s.cs 
11.31 
12 .la0 
31.33 
10.51 

23 

94.52 
82.09 
71.39 
62.45 
54 .OO 
47.97 
42.25 
36.13 
35.82 
29.53 
26.27 
23.40 
20.99 
18.37 
17 .O? 
15.5s 
1 4 . 1 9  
12.73 
1 1 . 4 9  
1:i. ;2 

1 8  

88.03 
78.25 
69.54 
61.90 
55 .05 
48 -90 
45.73 
39.23 
35.13 
31.37 
28.12 
25.64 
23 -04 
20.78 
18.75 
16 . 87 
1 5  009 
13.60 
12.35 

Gain 

24 

86 . 52 
75.15 
65.35 
57.17 
49.43 
43.91 
36.63 
33.07 
32.79 
27. o <  
2 4  .OS 
2 1  . 42 
19.21 
17.37 
15.64 
14 .24  
12.39 
11.71 
10.52 

9.54 



I.lOrd 

1 1  
2 

. 3  
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13 
1 4  
1 5  
16  
1 7  
18 
1 9  
20 

I 

Word 3 

3. 
2 
3 
4 
5 
6 
7 

9 
1 0  
11 
1 2  

a 

13 
1 4  
1 5  
16 
1 7  
I. 8 
1 9  
20 

Band 

1 

35 013 
31.58 
28.28 
25 . 20 

20.13 
18.08 

22 55 

16 e 21 
14.56 
13.15 
11.73 
10 .SO 

s 044 
8.35 
7.37 
6.48 
5.74 
4.93 
4.35 
3.69 
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1 System i3 High Gain 
I 

Radiance (3  of Eta-max) 
Channel 

2 3 

34.12 33.41 
30.67 .30.04 
27.47 26 . 90 
24.48 23.97 
21.90 21.45 
19.56 190-15 
17 . 57 17 e 21 
15,75 15.42 
14.15 13 085 
12.77 12.51 
11.39 11.16 
10.20 9.99 

9.17 8.98 
8.10 7.94 
7.16 7.01 
6.29 6.16 
5.58 5.46 
4.79 4.69 
4.22 4.13 
3.59 3.52 

4 

31.54 
28.36 
25.40 
22.63 
20e2s 
18.08 
16.24 
14.56 
13.08 
11 081 
10.53 

9 043 
8.48 
7.30 
6 -62 
5.81 
5,16 
4.43 
3.90 
3.32 

Band 2 System B 

7 8 

34.53 53 -38 
31.20 -30.17 
28 .M 
25.79 
23 055 
21 . 27 
19.36 
17.43 
15.80 
14.19 
12.74 
11 036 
10 016 

8 -99 
7.99 
7.02 
6.09 
5.09 
3.93 
3.77 

27.54 
24.93 
22.77 
20 . 57 
18.72 
16 . 90 
15.27 
13.72 
12.32 
10.98 

9.82 
8.69 
7.73 
6.79 
5 .83  
4 034 
3.04 
3.64 

5 6 

Radiance (% of Eta-max) 
Channel 

31.47 31.97 
28.29 28.74 
25.34 25.74 
22-58 22 94 
20.20 20.52 
18.04 18.32 

16 . 46 
14.53 14.76 
13.05 
11.78 
10  . 51 

9.41 
8.46 

6.60 
5.80 

4.42 
3.89 

16 021 

7.48 

5.i5 

3 031 

13.2C 
11.97 
10.67 

9.56 
8.59 
7.60 
6.71 
5.90 
5.23 
4 049 
3.96 
3.36 

9 

31.72 
28.66 
26 -17 
23.69 
21.64 
19  . 54 
17 -79 
1 6  -06 

13.04 
11 -70  
10 .44  

9.33 
8 -26 
7.34 
6.45 
5.59 
4.60 
3.55 
3.4G 

14.51 

1-132 

High Gain 

10 11 12  

31.64 
28.59 
26 11 
23 . 63 
21.59 
1 9  . 49 
17 -74 
16.02 
14.48 
13 -01 
11 67 

9-31 
8 -24 
7.33 
5.43 

4.59 
> * 5 4  
3 045 

10 a 41 

5 - 5 8  
-. 

30.5G 
27.62 
25 . 22 
22 . 03 
20 . 85 
18.83 

15.47 
13.98 
12.55 
11.27 
3.0. OG 

8.99. 
7.96 
7.08 
(5.21 
3.39 
4 . i 3  
3.52 
3.33 

17.14 

30-60 
27 .65 
25.25 
22 . 85 

18.85 
i? -16 
15.49 
14.00 
12 . 52 
11.29 
10. G7 

9 .OO 
7.97 
7.oc 
6.22 
5.39 
4 . 4 3  . 52 
3*34 

20 . a7 

* 
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1 
The: system relative spectral response (RSR) for all 24 channels of MSS-D 

F-1 has been measured using a grating monochromator. 
up tzad u$ed as described in Procedure 16889, Relative Spectral Response. 
calibrat4on of the reference silicon photodiode used to monitor the output of I 

the monochromator is  described in HS248--6283, 1 May 1980. The relative 
spectral'response cu'rves obtained are shown in the figures which follow in 

This instrument was set 
The 

this section. 1 i ! 
The final syst& relative spectral response measurement was performed on 

10 June 1981. 
the present descriptioe of the relative spectral response of the complete sys- 
rem, whikh is the composite of the spectral response of the scan mirror, 
primary k d  secondary telescope mirrors, fiber opcics, transfer and relay 
lenses, optical filters and detectors. 

In the monochro$ator, dispersion is accomplished by means of a plane 
diffractkon grating equipped with a sine bar motion. A counter on the drive 
screw reads wavelength directly in nanometers. With the monochromator set on 
zero ord r, the entrance and exit slits were adjusted to where white light 
from the1 source lampiwas visible at the termination of the fiber bundle 
between /counter readings of 99998 (-00002) and 00002. * Therefore 4 nm is the 
approxi4te range in: wavelength of the light transmitted by the monochrouator 

The data presented are the results of that test and repsesent 

I 
' 

je 

wavelength setting. 

epor were made. Repeat measurements of channels were 
i 

made and compared with the original measurements. 
a calibdated silicon' phomdiode, SBRC 801338(B) at the output of the 
monochromator fiber ;bundle and measure its relative spectral response in the 
same wad as had bees done for the MSS. 
with that supplied b;y Optronic Labs. for tklts detector. 

A second check was to place 

The resultant curve was then compared 

i f 
I 

Tfie following !are the complete RSR data for MSS-D F-1 scanner with the 

This was due to a marginal 

This was corrected by rotating the mono- 

spare f ber plate ($/N 51687, S/N 301D) as its transfer optics assembly. Dur- 
ing the,initial f measurement it was discovered that channels A's and F's of all 
bands were showing significant nonrepeatability. 
filling) of detector[arrays by the filament image coming out of the mono- 
chrometbr giving erratic S/N data. 
chromatbr fiber bundle 90° so that the filament's longer dimeasion completely 

all 24 cbannels. After that the repeatability of data was 
I 
I 
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70 OPTICAL TRANSMISSION FLLTER CHARACTERISTXCS 

A major const i tuent  of the  system r e l a t i v e  spec t ra l  response presented 
i n  Section 6 is t h e  relative s p e c t r a l  responses of the o p t i c a l  transmission 
f i l t e r s .  Tke importance of these f i l t e r  c h a r a c t e r i s t i c s  w a s  recognized and 
a deta i led  spec i f ica t ion  was developed a t  the unit level for these components. 
For ease of reference the  spec i f ica t ion  on these f i l t e r s  is given below from 
t h e  MSS-D System Specif icat ion,  SS32238-10 (Rev B), 8 June 1981. 

Op t i ca l  F i l t e r  Char ac  eeris tics . 3.1. I. 1.12 

3.1.1.1.12.1 Absolute Ttansdssion.  Absolute t ranshiss ion f o r  each 
band s h a l l  be 70 percent minimm a t  t h e  peak of the  s p e c t r a l  response 
charac te r i s t ics .  

3.1.i.1.12.2 Spectral  Flatness. Spectral  f la tnecs  shal l  be maintained 
t b  25 percent over the c e n t r a l  70 percent bandwidth region f o r  bands 
1, 3, and 4; i t  s h a l l  be 27.5 percent f o r  band 2. 

3.1.1.2.12.3 Half Power Points. The half  power transmission points  
(50 percent of peak transmission) s h a l l  be wPthin 4-Jl.01 p a  of the  
s p e c t r a l  end point  (band edge) designated in 3.1.1~1.1. 

3.1.1.1.12.4 Band Edge Slope. The wavelength between 5 percent 
absolute and 50 percent of peak transmission s h a l l  be less than 0.02 urn 
on the  short  wave s i d e  f o r  Bands i t o  3, and on the long wave side,  
9.04 pm for  Band 1, 0.045 urn f o r  Band 2 ,  and 0.05 um for  Band 3. Band 
4 s h a l l  be 0.035 pm on t h e  shor t  wave s i d e  and w i l l  have no slope 
requirements f o r  the  long wave side. 

3.1.1.1.12.5 Spurious Response. Response outside the  5 percent points  
s h a l l  not exceed 5 percent of t h e  in-band spec t ra l  response for  a s o l a r  
equivalent input over the wavelength in te rva l  from 0.4 to 0.8 E,IP. 

The engineering data  taken during the measurement of these f i l t e r s  i s  
The values handwritten on the p l o t s  are readings given in t h i s  sect ion,  

required t o  determine t h a t  the  filters m e e t  the  u n i t  specif icat ions.  
serial numbers wr i t ten  i n  the annotation boxes were assfgned control  numbers 
f o r  each f i l t e r .  
assignrqent of these f i l t e r s  t o  the var ious channels was as shown i n  
Table 1-7-1. 

The 

During u n i t  l e v e l  assembly of the MSS-D F-1 scanner the  
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TABLE 1-7-1. F-1 BANDPASS FILTER 
ASSIGNMENT (SBRC P/N 43918-1 

1 

I THROUGH 439184) 

16 
1 17 
i 18 

f 

Filter S/N ' Channel Filtpr SIN 

317 19 319 
314 20 314 
316 21 313 
31 5 22 318 
31 3 23 316 
318 24 317 

i 

I 

I 

A comparison of 'the speciZicarion .values given OA the previous page with 
the recorqed values on the graphs that follow is given in Table 1-7-2. As 
seen, the filters are within specification for all filter characteristics. 

i 
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1. INTRODUCTION 

Y 

The MSS-D scanner must b.. mounted on the  Landsat s m c e c r a f t  with the 
ins t rment  l i n e  of s i g h t  accurately or iented with respect to a reference coor- 
d ina t e  sys tem within the spacecraAt.  
instrument on the spacecraf t  Hughes Ai rc ra f t  Company provhles a mirr-. t d  ref- 
erence cube mounted on the MSS-D scanner, a d r i l l  f i x t u r e  f o r  d r i l l i n g  instru-  
ment mounting holes with its associated reference cube, a d  the d a t a  which 
e s t a b l i s h  the angular r e l a t ionsh ips  among the coordinate frames associated with 
these cubes and the MSS-D l i n e  of s i g h t  (LOS). 

To f a c i l i t a t e  the h s t a l l a t i o n  -' t h e .  

These da ta  and a summary descr ipt ion of the method of measurement are t h e  
subject  of t h i s  document. 
used are given i n  HS 248 MSS System Alignment Procedure 3617000-1 
Procedure 16890). 

Detailed descrLptions of the d3gnment orocedures 
(SSRC 

1.1 ANGLE CONVENTION 

The r e l a t i v e  o r i e n t a t i o n  of one orthogonal coordinate system with respect 
t o  a second orthogonal coordinate system can be described*by the  group of t h ree  
r i g i d  ro t a t ions  of one system about each of its coordinate axes which w i l l  align 
these axes with those corresponding i n  the  second'system, 
angles are small, as is the  case f o r  the da t a  presented here, the r e s u l t  is 
independent of the order i n  which t h e  ro t a t ion  operations are performed. 

I f  the ro t a t io i l  

L e t  X, Y, Z be the set of o r i g i n a l  orthogonal coordinate axes required t o  
express the angular o r i e n t a t i o n  of a second set of arthog-1 axes, X ' ,  Y', Z'  
d i t h  respect t o  X, Y, 2. A s  i l l u s t r a t e d  i n  Figure 1, successive r o t a t i o n s  
(see Figure 11-1-la) through angles a, 8, and y about the axes X, Y ,  and Z 
respect ively are required t o  a l i g n  these axes with the axes X', Y', and Z' 
(see Figure 11-1-lb). 

This convention is used throughout the measurements made f o r  t h i s  report .  



a1 ASSOCIATED ROTATIOMS GROUP 

Y' 

b! COORDNSATE SYSTEM ORENTATlOOU 

FIGURE 11.1*1. COORDINATE SYSTEM CONVENTIOM 



2. ALIGNMENT TEST CONFIGURATION 

The test configuration used f o r  the  aligmt%t angle measurements is 
i l l u s t r a t e d  i n  Figure If-2-1. It cons is t s  of a theodolite,  its azimuth ref- 
erence mirror (RM), and an alignment f i x t u r e  mounted on a rotary t a b l e  which 
Is mounted on a tangent plate.  

2.1 THEODOLITE AND REFXRENCE MIRROR 

The theodol i te  is set  up with its azimuth ax is  ver t ica l .  The azimuth 
axis is v e r t i c a l  when t h e  reading of a l e v e l  on t h e  theodol i te  does not change 
as t h e  theodol i te  is rotated i n  azimuth. 

A reference azimuth is establ ished by aatocollimaticn from a r i g i d l y  
mounted RM. I n  addition t o  i ts  use  as an azimuth coordinate reference the Bf 
provides a reference azimuth during movement of the theodolfte. 

It is not possible t o  autocollimate from both t h e  ta rge t  mirror (TM) and 
the alignment cube from t h e  same theodol i te  position. 
moved t o  where au tocol l imat im from t h e  alignment cube is possible provided 
t h a t  the  following procedure is followed: 

The theodol i te  can be , 

or ien ta t ion  angles of the  
sured and compared. 

The scale conveniion 

Azimuth: 0 t o  

Elevation: 0 t o  

1) Move the RM and theodolite a l t e r n a t e l y  i n  s teps  short  enough so t h a t  
a z l i u t h  reference is never los t .  

Re-level theodol i te  a f t e r  the  mosre. 2) 

The theodol i te  and RM . - i t a b l i s h  a set of coordinate axes i n  which the 
various coordinate reference s y s t e m  can be mea- 

f o r  the  theodol i te  w a s  the  follawing: 

360°; magnetic compass convention 

360°; horfzontal  a t  Oo and M O O ,  

zeni th  at 90° 
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tN EACH CASE ARROW SHOWS 
SENSl OF INCREWtNQ ANQLE 

SCAN MIRROR 
END OF FIXTURE 

TWBOOOLITE 
(ON STANO) 

NORMAL TO TARGET 
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CENTER 
LINE OF s m w  AT SCAN 

NORMAL TO 
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3) - 
REFERENCE MI R RO A 
(ON ANQLE KNEE 
AND STAND) 

SMS - MOUNTtN6 SURPACB 
FOV SCANPIC-R ON 
ALIGNMEMT FfXTURE 

FIGURE JJ-2-t. ALJCNVENT TEST CONVENTlON 

A "reverse and plunge" set of measurements was taken to provide redundant 
data  as a check aga ins t  e r ro r .  

2.2 A L I G N "  FIXTURE (ANGLE PLATE) 

The alignment f i x t u r e  is a mounting bracket which provides a r i g i d  struc- 
t u r e  'on which :he scanner and, separately,  the d r i l l  f i x t u r e  area mounted f o r  
o r i e n t a t i o n  measurements. 

A TM attached t o  the  alignmeitt f i x t u r e  lies i n  the  scanner mounting sur- 
face (SMS) of t h a t  f i x tu re .  This mirror is used to  e s t a b l i s h  the o r i e n t a t i o n  
of t he  narmal t o  the SE35. 
used t o  e s t a b l i s h  o r i a n t a t i o n  i n  the plane of the SHS (Le., o r i e n t a t i o n  i n  

the S:¶S is made by the use  of a scparate mirror temporarily placed or. t he  
mounting surface f o r  t h a t  purpose. 

The SMS a l s o  contains a p a i r  o P  p ins  (pins A and B) 

Neasurement of t he  deviation of t n e  ndrmal t o  the T;"I from t h e  normal t o  I* I t  y ). 

The alignment f i x t u r e  (angle Flate) is mounted an a r o t a r y  t a b l e  used i n  
the i n i t i a l  alignment s e t u p .  
p l a t e  which is equipped with level ing screws used t o  set up the  i n i t i a l  or ienta-  
tioa of the angle p l a t e .  A reference l e v e l  i nd ica to r  c o ~ s L t i n g  of two s p i r i t  
levels nounted a t  r i g h t  angles monitors angular def lectkons of thd angle p l a t e  
during mounting of the scanner. 

This ro t a ry  t a b l e  is supported by the  tangent 
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2.3 SCANNAR MOUNTING §URFACE ORIENTATION I&ASUREMENT 
1 
I , - 

The normal t o  the H and the  l i n e  through pins  A and B ( i n  the  SMS) f o  
an orthogonal coordina 
establ ished i n  t he  system de f f i ed  by the l e v e l  t heodo l i t e  and RM- 

reference System the  o r i en ta t ion  of which can be 

i i 
The theodol i te ,  RM, and the  alignment f i x t u r e  are set UQ as i l l u s t r a t e d  

i n  Figure TI-2-1, so t h a t  the theodol i te  te lescope LOS is directed toward the  
TM and is very near ly  p a r a l l e l  t o  the normal and the  TM as determined by auto- 
coll imation. The 12veling screws on the  tangent p l a t e  are used t o  set pins  X 
and 3 a t  the same height. 
with r e spes t  t o  the l e v e l  plane of t h e  theodol i te  and an o r b i t i n g  reference 
azimuth as j follows: 

Zero points  f o r  angles a, 8 ,  and y are determined 

I I 

1) *jaOtq is measured by autocollimation through t h e  TM with t h e  azimuth 

rale* 
q180qq is measured by au toco l l ina t ion  through t h e  TM with t h e  elevat ion 
Lale.  1 ! 
Tyo" is obtained by the method i l l u s t r a t e d  Ln Figure 11-2-2. 

i 

2) 

3) 
i ! 

Precise copvention f o r  ' reading t h e  scales are included i n  the alignment 
procedure. ' i i 

t 

I 

I 
I 

Y i 

NCT NEbFSSARILY 
THEODgLITE LEVEL fr 
PLAkE k 

i 
I 

i l t  
FIGURE 11-2-2. MEASUREMENT OF 70 
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F i r s t  t h e  theodol i te  is used t o  s i g h t  on pin A, Then it is ro t a t ed  
azimuthally along t h e  negative "y" d i r e c t i o n  t o  s i g h t  on p in  B. 
i n  e levat ion readings is I',. 
azimuth a x i s  t o  the t a rge t  mirror  and the dls tance between t h e  two pins  i s  
35.9 inches, 

The d i f f e rence  
I f  D ( i n  i r ches )  is the  dis tance from theodo l i t e  

yo. is given by the following r e l a t ion :  

yo is P Q S i t i V e  when pin B is higher than pin A. 

These measurements for& the bases for o r i e n t a t i o n  measurements made on 
the d r i l l  f i x t u r e  and the  scanner when they are mounted, separately,  on the 
SMS as describeu i n  the  following sections.  
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3. DRILL FIXTURE ALIGNMENT CUBE 

The d r i l l  f i x t u r e  is a d r i l l  j i g  of t he  scanner  mounting ho le s  
' i n  d r i l l i n g  t h e  scanner  mounting ho le s  i n  the  spacecraf t ,  A n  a l i g n  

is a f f i x e d  to  t h e  d r i l l  f i x t u r e  to enable  t r a n s f e r  of  scanner LOS o r i e n t a t i o n  
during t h e  d r i l l i n g  operat ion.  
ment in y when the  d r i l l  f i x t u r e  is bo l t ed  t o  t h e  al ignrwns f i x t u r e .  

Spec ia l  ground p ins  are used t o  maintain a l ign-  

3. '. DRILL FIXTURE ALIGNMENT CUBE ORLENTATION 

A system of  or thogonal  axes  is es t ab l i shed  by t h e  noma1 t o  t h e  TM and 
t h e  l i n e  c m n e c t i n g  p ins  A and B on t h e  SMS of t h e  alignmeat f i x t u r e  (angle  
p l a t e ) ,  
was es t ab l i shed  by t h e  procedure descr ibed  in t h e  previous sec t ion .  

be the  angles  which express  the  o d m t a t i o n  of t he  
d r i l l  f i x t u r e  alignmen$ cube wi th  r e spec t  t o  the  alignmenz Eix ture  axes  when 
the  d r i l l  f i x t u r e  is mounted on the  alignment f i x t u r e  (see Figure  11-3-11. 
t he  f i g u r e  the  d r i l l  f i x t u r e  alignment cube is shown displaced and en larged ,  
bu t  i n  t he  same o r i e n t a t i o n  as when mounted on the  alignmeant f i x t u r e .  

Tho, o r i e n t a t i o n  of  t h i s  r e fe rence  frame i n  theodo l i t e  coord ina tes  

Let cid9 Bd,  and y 

In  

3.2 DRILL FIXTURE ALIGNMENT CUBE ORIENTATION RESULTS 

Orien ta t ion  'angles f o r  t h e  alignment cube on MSS drFrUl f i x t u r e  HAC-2630- 
24649-212 have been measured wi th  t h e  d r i l l  f i x t u r e  mount& an  t h e  same a l ign-  
ment f i x t u r e  on which t h e  MSS-D p r o t o f l i g h t  instrument  h w  h e n  mounted f o r  
&he alignment measurements t o  be descr ibed  subsrquent ly .  

h e  r e s u l t s  of t h e  measurements of d r i l l  f i x t u r e  a l i p e n t  o r i e n t a t i o n  
made on 10 March 1981 have been r ev i sed  us ing  d a t a  t a k e n a t  General Electric 
on 16 June 1981. These va lues  are considered to be more *nel iable  because of 
t h e i r  r e p e a t a b i l i t y  than those o r i g i n a l l y  repor ted  i n  the  lW ver s ion  of t h i s  
handbook. These va lues  are: 

Q i. -0' 2' 26" 
d 

Pd 

'd 

= -oo 4' 5111 

3t -0' 8' 06'' 
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‘PBRPENOICULAR TO CUBE 

:ALONG TELESCOPE AXIS 
,SURFACE FACING u o u a n L Y  

PLANE INCLUDING TARGET 
/MIRROR ITW NORMAL AND 

PFNCICULAR TO CUBE SURFACE 
ALIGNMENT CUBE - FACtNG APPROXIMATELY ALONG 

SMS - MOUNTING SUR~FACE FOR 
SCANNER ON ALIGNMENT 
FkXTURE PERPENQltXJiAR 

TO TARGET MIRROR i 
FIGURE 11-31; DRILL FIXTURE ALIGNMENT CUBE ORIENTATION 

I 
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4. NSS-D SCANNER ALIGNMENT 

The ob jec t ive  of t h e  scanwr alignment prccedure descr ibed  he re in  and t h e  
measurement d a t a  which r e s u l t  i i i  t o  e s t a b l i s h  t o  wi th in  5 0.03O t h e  angular  
o r i e n t a t i o n  of t h e  scamer LOS wi th  r e spec t  t o  the  SMS and t o  measure, also t o  
w i th in  +0.03O, t h e  angular  o r i e n t a t i o n  o f  t he  scanner  alignment wi th  r e s p e c t  
to the  MSS cen te r  scan  LOS. It is necessary a l s o  t o  v e r i f y  t h a t  t h e  scanner  
M S  is perpendicular  t o  t h e  SICS t o  w i th in  0.25O. 

4 ,1 SCANNER LINE OF SIGHT 

The scanner  LOS o r i e n t a t i o n  is defined by means of t h e  or thogonal  coor- 
d i n a t e  system formed by t h e  instrument  scan plane and t h e  p lane  or thogonal  to 
i t  which conta ins  the  cen te r  scan LOS. The center scan  LOS is defined by t h e  
p o s i t i o n  of the  scan mir ror  wi th  its c e n t e r  lock engaged. The scan  p lane  is 
defined by the  plane which con ta ins  the  cen te r  scan d i r e c t i o n  and t h e  two 
end scan d i r e c t i o n s .  

The scan  monitor was ad jus t ed  t o  mark c e n t e r  s can  as the scan mir ror  
r o t a t e s  through the  locked p o s i t i o n  (see SBRC Procedure 19050, Sec t ions  3.5.6.1 
and 3.5.5.3). When t h e  cen te r  lock  was removed, t h e  center scan LOS was recon- 
s t r u c t e d  from measurements made wi th  the  scan mir ror  turned a g a i n s t  each of 
i ts l i m i t  s t o p s  and from r e s u l t s  of i n i t i a l  measurements made with  the  lock  i n  
place.  

Two types of o r i e n t a t i o n  (alignment) measurements were made using the  
scanner  LOS coord ina te  system. The f i r s t  relates the  scanner  LOS t o  t h e  al ign-  
ment f i x t u r e  re ference  frame and t h e  second relates the  scanner  alignment cube 
t b  the  scanner  LOS re ference  frame. 

The scanner  LOS is e s t a b l i s h e d  by theodo l i t e  s i g h t i n g s  made on t h e  c e n t e r  
of the scanner  f o c a l  plane f i b e r  o p t i c s  assembly. Figure 11-4-1 i l l u s t r a t e s  
t he  s i g h t i n g  method. The i n s e r t  d e p i c t s  the appearance of  t he  MSS-D f o c a l  
plane assembly and theodo l i t e  te lescope  reticle when t h e  t e l e scope  is s igh ted  
on the  cen te r  of t he  assembly. Note t h a t  t he re  i s  no central ly  loca ted  
channel, 



PRIMARY c' MiRROR 

L THEODOLITC v (Foc:Js AT 4 

FIGURE 114-1. SCANNER LINE OF SIGHT MEASUREMENT 
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S ince ithe scanner 'is focused a t  i n f i n i t y ,  t he  theodol i te  telescope is 
also focused at in f in idy ,  as i s  t h e  case when i t  is used f o r  autocol l imat ion.  
measurernenSs f o r  alignment cube o r i en ta t ion .  

4.2 SCANPdR LIEU?, OF SIGHT ORIENTATION RELATIVE TO SCANNER MOUNTING SURFACE 

The o r i e n t a t i o n  oft the MSS-D scanner LOS r e l a t i v e  t o  the SMS is measured 
1 

in  a manner analogous t o  the measurement of t he  d r i l l  f i x t u r e  alignment cube 
o r i e n t a t i o n  with respect  t o  t h e  SMS orientat ion.  

f 1 

1 1 i 

I n i t i a l l y  the o r i e n t a t i o n  of t he  SMS i s  establ ished using the  TM and the 
l i n e  conzecting p ins  A and B. 
ing p l a t e ,  I 

When the  scanner is mouated on the  angle plate, angles u , 0 , and y 
describe the o r i e n t a t i a n  of the scanner LOS coordinate system'to t h e  systsm of 
orthogonal!axes establ ished by the normal t o  the TM and the l i n e  connecting 
pins  A and'B on the SMS of the angle p l a t e .  

Then the scanner is bolted t o  t he  scanner mount- 
I 

i 
This /e la t ionship :is i l l u s t r a t e d  i n  Figure iI-4-2. For c l a r i t y  the  MSS 

is depicted behind the  SMS but i n  the  sane or i en ta t ion  as when i t  is mounted 
on the  Stis; 

i : 

MSS 

IGURE 114-2. SqANNER LINE OF SIGHT TO SCANNER MOUNTING SURFACE 
I 
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4.3 SCANNER LOS MEASUREMENT TECHNIQUJ3S 

1 With the  MSS-D scanner mounted on the  SMS t h e  angles a , BE, and y 
ineasured i n  the  following manner. 
the  theodo l i t e  telescope is focused on the  center  of t he  f i b e r  o p t i c s  f o c a l  
plane a r r ay  ( f i e l d  s t o p  cen te r ) .  
d i f f e rences  between corresponding angles  (a and B) measured with t h e  theodo l i t e  
for the  MSS-D PF LOS and t h e  TM normal. The angles for t h e  TM normal must be  
measured p r i o r  to  mounting t h e  scanner on t h e  angle plate.  

are 
With the  scan mir ror  locEed a t  scan :enter 

The angles  a@ and BE are obtained from the  

The method of measuring y is  i l l u s t r a t e d  i n  Figure 11-4-3. As the  f i g u r e  
ind ica t e s ,  measurement of y i&?olves not  only focusing on the  a r r a y  center 
when the  scan mirror is i n  Ehe cen te r  scan lock pos i t ion ,  bu t  a l s o  measuring 
the  a l t i t u d e  and azimuth of t h e  a r r a y  c e n t e r  when t h e  schn mir ror  i s  aga ins t  
t he  scan bumper at each end of scan. 
from above. CCW is t h e  ciise when t h e  scan mirror is f u l l y  counterclockwise.  
aga ins t  t he  bumper, and CW is the  case when the  scan mirror is f u l l y  clockwise 
aga ins t  t h e  opposite bumper. 
t he  maasured angles f o r  t he  purposes of e s t ab l i sh ing  the  va lue  of Ye, t h e  
o r i e n t a t i o n  of t h e  scan  plane. 

Figure 11-4-3 shows these  cases as seen 

Figure 11-4-4 i l l u s t r a t e s  t h e  r e l a t ionsh ip  of 

I n  Figure 11-4-4, yMss des igna tes  t h e  o r i e n t a t i o n  of t h e  scan plane 
r e l a t i v e  t o  theodo l i t e  coordinates and not with respec t  t o  t h e  SMS. 
supe r sc r ip t  "T" represents  a theodo l i t e  scale reading, then t h e  angles  
ind ica ted  can be defined i n  t h e  following manner: 

I f  t h e  

T T ? 

rMSS = rMss(ccw) - rMss(cs) 

m m 

3) rMSS 

wh re CCW, CS, and CW designate measurements made when a 
center  scan, and clockwise pos i t i ons  respec t ive ly .  

8 I t  

t h e  counter cloekwise, 

rYss, F' and rm are each ind iv idua l  measurements of d i f f e r e n t i a l  
e l eva t  on us%'to cgmpufe y 
r e l a t ionsh ips  f o r  r and r: 

from the  following r e l a t i o n  f o r  r and similar MSS 

9 
= - +sin rMSS MSS s i n  7.5' x s i n  y 

8 ' i I f  t he  angles rMSS and yMSS are small, s i n  rMSS - rkss and s i n  yMss= 
'MSS 

then 
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1 
The vaAwe of y used is t h a t  got ten from taking the mean of t he  t h r e e  

f i n  r e fe r r ed  t o  the  SMS yHSS becomes y through the * Ytjss’ E 
estimates 
re l a t ionsh ip  .. I i 

1 4.4 SCANNER ALIGNMENT CUBE ORIENTATION RELATIVE TO SCANNER LINE OF SIGHT 
I 

An alig$ment cube is’ mounted on the MSS-D scanner t o  serve as a reference 
f o r  alignment: of t he  scanner on the  spacecraft .  This measurement provides the  
information Ghat gives the angular o r i e n t a t i o n  of t h e  orthogonal coordinates 
associated with the  cube 9 t h  respect  t o  the orthogonal reference defined by 
the  MSS-I) scan plane and the  center  scan LOS, as described i n  the previous 
sect ions.  ! I i 

Measure+ents by autocollimation through the cube are performed i n  a 
manner i d e n t i c a l  with t h a t  done f o r  t h e  d r i l l  f i x t u r e  alignment cube, but are 
r e fe r r ed  t o  i h e  measurements of t he  scanner LOS (described i n  t h e  previous 
sect ion)  rat e t  than t o  the  SMS o r i e n t a t i o n  t I 

CI : 
ca 
u 
O W 

0 

LINE OF SIGHT- 
(SCHEMATIC) E N 0  OF SCAN 

PERPENDICULAR TO 
CUBE SURFACE FACING 
APPROXIMATELY ALONG 
SCAN CENTER LINE OF SIGHT 

i LINE OF SIGHT- 
I END OF SCAN 

OF S’GHT 

FIGURE 114-5. $CANNER ALIG4MENT CUBE ORIENTATION RELATIVE TO SCANNER LINE OF SiGHT 
t ! 
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Sinceitisnotpossiblewiththetheodolitetelescope t o  s i g h t  on the  f o c a l  
plane f i b e r  array termination end autocollimator through t h e  scanner alignment 
cube from the  same location, the theodol i te  must  be moved a f t e r  t h e  coordinates 
of t h e  scanner LOS have been established. This can be done T 

degradation i n  measurement accuracy es long as the  caveats of Section 2 (i.e.* 
re-leveling and maintaining reference) are observed. 

aAc and BAC are derived from t h e  theodol i te  azimuth and elevat ion readings 
of the  scanner alignment cube for  t h e  surface t h a t  faces in about t h e  same 
di rec t ion  as the  MSS scan center  LOS. To obtain a measurement of YAC, t h e  
theodol i te  is moved t o  view and autocollimate on t h e  alignment cube a t  t h e  
scan mirror end of the  MSS. 

am, Ba, and Ym are t h e  angles which t h e  cube axes make with the  scanner 
LOS as i l l u s t r a t e d  i n  Figure 11-4-5. 
corresponding angles for the  LOS. 

They are obtained by subtract ing out 

4.5 MSS-D SCANNER ALIGNMENT RESULTS 

A t i m e  h i s tory  of the r e s u l t s  of the  measurements of (aE, BE, y,) and 
(am, Bm, ym) are given i n  Table 11-4-1. The da tes  on which the measurements 
were made are given a t  the  top of each colmn. 
t i o n  which may be  s i g n i f i c a n t  t o  the  measurement r e s u l t s  a r e  l i s t e d  a t  the  
bot  tom. 

Conments on any special  condi.- 

As is evident from the closeness and repea tab i l i ty  of the  measured values 
the alignment more than meets the  spec i f ica t ion  for accuracies t o  within 0,03*. 

face of less than 0.25O is given by: 
The requirement f o r  orthogonality o f  the scanner LOS to the  mounting sur- 

4.5.1 Summary of Angle Definit ions 

For ease of reference t o  the numbers i n  Table 11-4-1 the following l ist  of 
Summary Definit ions is provided. 

or ien ta t ion  of t h e  scanner alignment cube with respect t o  
orthogonal axes establ ished by t h e  scanner LOS (a t  scan center)  
and the scan plane of the  LOS, 

o r ien ta t ion  of the scanner LOS t o  the orthogonal axes 
establ ished by the  normal to  the TM and the d i rec t ion  con- 
ver t ing  pins A and B on the mounting surface (angle p la te ) .  

o r ien ta t ion  of the d r i l l  f i x t u r e  alignment cube with respect 
t o  orthogonal axes establ ished by the normal t o  the TM and 
t h e  l i n e s  connecting pins  A and B on the SMS. 
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TABLE 1141. MSS-D (F-l! ALlGNMENf HISTORY 

o Linecf-slght prpendicdar to mounting 
SUrf;ce. 

ble error) 60.03° 
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