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PROCESSING AND DISPLAY EXPERIMENTS USING D I G I T I Z E D  
ATSl SPIN SCAN CAHERA DATA 

Merle B. Whitney, Russell C. D o o l i t t l e ,  and Brent Goddard 
National Environmental S a t e l l i t e  Center 

ABSTRACT 

Several  experiments with d i g i t a l l y  processed ATSl Spin Scan Cloud 
Camera d a t a  are described. 
analogue equivalents.  
satell i te a t t i t u d e  determination are presented. 
poss ib l e  improvements i n  hardware and processing techniques. 

D i g i t a l  p i c t u r e s  are presented with t h e i r  
Some work on e a r t h  loca t ion  of p i c t o r i a l  d a t a  and 

Suggestions are made for 

I . INTRODUCTION 

Inc lus ion  of a d i g i t a l  recording system f o r  t h e  Spin Scan Cloud Camera 
(SSCC) c a r r i e d  on t h e  Applications Technology S a t e l l i t e ,  ATSl, has provided 
source d a t a  f o r  a v a r i e t y  of automatic d a t a  processing experiments. 
p a r t i c u l a r  i n t e r e s t  wi th in  the  National Environmental S a t e l l i t e  Center (NESC) 
are those experiments which provide experience and i n s i g h t  toward an eventual 
opera t iona l  geos ta t ionary  environmental satellite. Spec i f i ca l ly ,  t he re  are 
questions concerning the  q u a l i t y  and information content of t he  cloud p i c t u r e  
da t a  stream, and the  problems involved in a u t a n a t i c  e a r t h  loca t ion  of t he  
images. 
dynamic range Images. 

Of 

P r a c t i c a l  problems a l s o  arise i n  d isp lay ing  l a r g e  raster, high 

I n  addressing these  ques t ions ,  a series of data handling and diagnos t ic  

At t i tude  and e a r t h  loca to r  s t u d i e s  
programming act ivi t ies  are described i n  t h e  f i r s t  po r t ion  of t h i s  report .  
Some ind ica t ions  and conclusions are given. 
are next discussed, followed by a desc r ip t ion  of ava i l ab le  d i sp l ay  equipment 
with i n d i c a t i o n s  of f u t u r e  requirements, 

11. INPUT DATA 

The ground s t a t i o n  f a c i l i t i e s  including t h e  d i g i t i z i n g  equipment are 
described in a volume concerning t h e  ATSl satel l i te  and spin  scan cloud 
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Figure 1, 
Figures 14, 15, and 16. 
adjacent l ines  through the  lower middle of the section, 
p r o f i l e  (record 890) passes through the c idd le  b r igh t  mass, the bottom 
p r o f i l e  (record 790) is through the br ight  ma88 a t  the top of the section. 

P r o f i l e s  of l i n e s  which pass through the ITC sec t ion  depicted in 
The upper two p r o f i l e s  (records 980 and 981) are 

The lower middle 
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Figure 2. Profi les  of another portion from the same four records i n  
Figure 1 which also pass through a very bright mass i n  the center of 
Figure 11. 
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camera t o  be published by t h e  University of Wisconsin Press. 
of t he  magnetic tape  format used i n  producing t h e  "raw" d i g i t i z e d  p i c t u r e  d a t a  
are a l s o  given. 
at the  Univers i ty  of Wisconsin, NASA, etc., s e l ec t ed  tapes  are copied f o r  
r e t e n t i o n  a t  NESC. 
made and some of t he  space viewing response i s  discarded. 
m i t  t h e  compression of t he  r a w  d i g i t a l  da t a  from an  extended length tape  t Q  

a standard 2400-foot tape. Procedures and prob'lemo involving t h i s  copy and 
e d i t  program are described i n  Appendix 1 along with format s p e c i f i c a t i o n s  of 
t h e  ed i t ed  magnetic tapes.  

The d e t a i l s  

Since these  tapes  are ahared by a number of experimenters 

During t h e  copying process,  c e r t a i n  format changes are 
These changes per- 

The volume of t he  d i g i t a l  input  da ta  should be emphasized. More than 
8000 p a r t i a l l y  overlapped br ightness  samples are obtained along each scan 
l i n e  and each p i c t u r e  contains about 2000 l i nes .  Since each response i s  
expressed as an 8 -b i t  byte (0-255 count range), the t o t a l  volurne of d i g i t a l  
information i n  a p i c t u r e  exceeds 128 m i l l i o n  b i t s .  This means t h a t  t he  
d i g i t a l  information f o r  each p i c t u r e  takes up an e n t i r e  reel of computer tape, 
With t h e  c a p a b i l i t y  of producing almost t h r e e  p i c t u r e s  per  hour, t h e  sp in  
acan camera can provide a n  averwhelming volume of data.  

111 . DIAGNOSTIC ACTIVITIES 

Since t h e  v ideo  d a t a  volume i s  very l a r g e ,  a ques t ion  could be r a i sed  
as t o  t h e  information content of t h e  overlapped samples and t h e  0-255 
br ightness  count range. 
q u a l i t a t i v e  answer to t h e  question. 
and 2. These were produced on an Alden Helix Recorder. A l l  t h e  da t a  
samples are displayed i n  fu l l  dynamic range. 
of t h e  p r o f i l e  reveals impressive sample t o  sample v a r i a b i l i t y  suggesting 
l a r g e  con t r ibu t ions  t o  the  image information content from the  non-redundant 
por t ions  of t h e  overlapped samples. Broad male con t inu i ty  of the  br ightness  
masses is mainta ined . f ran  l i n e  t o  l i n e ,  Large d i f f e rences  in t he  small male 
f e a t u r e s  from contiguous l i n e s  i n d i c a t e  t h e  absence of overlap between 
successive scan l ines .  
255 count range is a l s o  ind ica t ed  by the  p r o f i l e s ,  thus confirming t h e  need 
f o r  t h e  8-bit sample. 

A graphic d i sp l ay  of t he  raw d a t a  va lues  provides a 
Such p r o f i l e s  are shown i n  Figures 1 

Close inspec t ion  of por t ions  

The a b i l i t y  of t h e  seneor t o  u t i l i z e  t h e  f u l l  0 t o  

Prefer red  levels i n  br ightness  p r o f i l e s  produced from e a r l y  p i c t u r e s  
suggested poss ib l e  analog-to-digital  conver te r  problems. This prompted t h e  
adapta t ion  of a program crea ted  f o r  the  diagnoais of similar problems involv- 
i n g  d i g i t i z e d  v id icon  camera imagery f r m  t h e  ESSA satell i tes (see B r i s t o r ,  
1966). 
samples and percent occurrence i n f o m a t i o n  i n  smmary form f o r  each d i g i t a l  

The rou t ine  p r i n t e r  output from t h i o  program provides number of 

This volume, ed i t ed  by Verner Suomi and Kirby Hansen, i s  now i n  preparation, 
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Figt:te 3. Spectral aMlySi8 of image brightness 



- 6 -  

brightness level. 
data quality and external problems, it was made a part of the copy-and-edit 
program. Beyond analog-to-digital converter problems, this routine (and the 
graphic profile program) has assisted in the detection of cable connector 
problems (eoidenced as a "8ticky't 8-level bit) and in problems of adjustment 
cf the digital brightness count range. 

Because of its usefulness as a preliminary indicator of 

Since the analog-to-digital cawerter appears over-sensitive when 
sequential conversions cross a binary vtdiscontiuoity" (e.g. the binary count 
changes from 01111 to lOOOO), the above program has also been amended to 
provide histogram infonnation concerning the differences in sample counts 
between adjacent brightnesoes. Plots of euch s-ry information produce 
sharp peaks at the binary difference intervals (4, 8, 12, 16, 20, etc.) when 
such difficulties occur. 

Problems with 'Line count documentation suggest the possibility of 
anitted or doubled ratchets in the spin scan stepping oechadum. 
diagnosis of such events, a program produces line sumnary informstion in- 
volving absolute brightness differences between adjacent sample pairs. 
Discontinuities in plots from this program have, thus far, not proven any 
ratcheting problem since signal imperfection8 at the tape writing station 
and/or tape read errors (canputer or tape qpality problems) offer alternate 
explanations. 

Toward 

Another diagnostic program computes the average brightness response for 
each scan line (or specified sample subset). 
quantity may help in the ratcheting question. 
profiles resulting from a "cross-talk" noise signal. 
raster linee acccmpanying an experimental moon picture, a ragged but highly 
repetitive 20-line noise signal (peak to peak) is very apparent. 
signal is understood to be related to the V W  experiment.) 

Line-to-line plots of this 
Thus far it has provided 

Using space viewing 

(This 

The great variety of interesting brightness profiles displayed by the 
line graphics program iapites eQ8dy fran a spectral standpoint using 
statistical tools. 

The data for a picture taken at 21522 on June 26, 1967, (Figure ll), in 
lines 976 thru 1000 and points l501 thru 5500, were subjected to a spectral 
analysis to determine along-the-line signal characteristics. The spectrum 
peaks at a half wavelength of about 500 spots or about 350 miles and drops 
smoothly off to either side. 
lengths but are too small to interpret validly. 
strongly implies the existance of infomution thruout the spectrum. 
strong indication of large amplitude noise is noticable. 
plot. 

Secondary peaks are frequent at lower wave- 
That these do occur, however, 

No 
Figure 3 shows the 
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IV, EAKCE LOCATION OF PICTURE DATA 

Geagraphic location of digit ized image brightness from the  #pin scan 
cloud camera f r  r eqdred  a8 an aid t o  the ~~e teo ro log ica l  interpretat ion 
of the data. 
udurtaken t o  prorlde both latitudellongitude grids t o  f i t  dirplayed picturer,  
and inputs Eo ampping codee which r ec t i fy  the hagery t o  e i ther  Mercator or 
p @ b  stereographic projections. 

The d ig i t a l  carprrter pr@gramni& effort  described below -8 

6tiddl.g a d  mapping programs already in use at  NESC are keyed t o  the 
searatry of the corrsitSop.1 psrrpect%ve View and t h e  present effort war 
1irit.d t o  revision8 a d  pdditiona n a c e ~ r a r y  t o  adapt them fo r  ure w i t h  the 
# p l m  8-a camera. For e i the r  gridding or mappips, the input in forn t icm 
.rrcorr.rf t o  relate ground points on the earth 's  eurfacee v i th  poimtr on an 

plane includes: 

1. The camera (ratellite) location. 

2. The three-d&meeelanal orientatioa of camera coordfmate axes w f t h  
geocentric earth coordinate axe8. 

3. 'IbQ lacatiom of the perspective center of the cm1ca with respect 
t o  tha bege  plane. 

4. A kaarledge of Image d i r t o r t i o r  (departure of the position of Imaged 
poiats fran tha t  in a t rue  perrpectire geometry). 

Im griddhg, r878 from selected la t i tode/ lorgi t rde i ~ t a r r e c t i o n r  t o  the 
eatelUte are projectsd t o  the w e  plans and d i r tor t ion  i o  then applied t o  
r.b the grid fit the ptctrre.  
for di r tor t ion ,  and the perspective rays defined by the revised Image 
c o o r d i u t s r  are them projected to earth,  and the latitlade aad l o q i t r d e  (ad 
u p  position) of the interrect ion are canputed. 

I8 mappirg, image pos i t iou  are  correctad 

Becutas of lack of experience with the epir  scan camera t h i s  prograsulng 
h a  a rtxorg imert&gative elaut  wtth many diagnostic features and maker ire 
of rpecialired a d s t i n g  computer codes. 
adequate f o r  #'real t i m e t t  operational use, bat rather indicate8 the  f aa r ib i l i t y  
of methods rad p r d d s a  a starting point for the further exteasivo work vhich 
would be reqoired t o  provide sat isfactory grids and maps for  a l l  pictures op 

For that readon i t  is f a r  from 

t b l y  bar&#. 

A. Satellite Location 

Since  both the griddtug 88d auppirg programs expect e a t e l l i t s  locatim 
ia the form of rubsatellite point lati tude/lmgitude d s a t e l l i t e  height, a 
progrm was writ- t o  generate them frm orbi ta l  e lemate  (available f r m  



NASA-GODDARD SPACE FLIGHT CENTER via  te le type)  aad the date/trWr of p l c t w  
(received with the  d i g i t a l  tapes f r an  the ground s ta t ion) .  
used an ideal ized c i r cu la r  o r b i t  geometry without regard t o  celestial 
mechanics, a check w a s  made using an o r b i t  generator based on the Brouwsr 
method, 
and modified f o r  in-house use a t  NESC.) 
i n  l a t i t ude ,  0.11 degrees i n  longitude,and about 2 ki laue tere  in height  and 
were adequate fo r  the  present purpose. 
appropriate fo r  the  s m a l l  eccent r ic i ty  ATS earth-apnchranws satellites may 
be desirable. 

Since t h i s  ~eogrp 

(This program was  developed f o r  NASA by the General Electric C a p p r p l  
Results agreed within 0.01 degrem, 

For operational use an o r b i t  generator 

B. Atti tude Determination 

1 0  Method 

The gridding and mapping input  program accept camera orienta-  
t i o n  information i n  the  form of three angles - tilt of the op t i ca l  
-8 from the v e r t i c a l ,  azimuth of the pr inc ipa l  plaue (the vertical 
plane containing the opt ica l  a x i s ) ,  and swing (rotation of the  
pr incipal  l i n e  relative t o  X, y axes in the  image plane). The 
pr inc ipa l  l i n e  i s  the  in te rsec t ion  of the pr inc ipa l  plane w i t h  t h e  
image plane. 

I n  the  case of SSCC data,  tilt, azimuth, and nrlng are computed 
f o r  a hypothetical canventional camera w i t h  p a x l e  p a r a l l e l  t o  the 
satell i te sp in  axis,  pos i t ive  toward t h e  northern harirphere,  %-ax58 
horizontal ,  and z a x i s  along the sp in  &e normal c l o s e r t  t o  the  
zenith (al- the incident  ray  t o  the uncanted poei t ion of the  canera 
telescope i n  the mid-earth portion of the  scan). 

The procedure follows: 

Determine the instantaneous sp in  axis r o l l  f o r  each p ic tu re  
frau the horizon image. (Instantaneous r o l l  i s  defined as 
the  angle between the  sp in  d , s  and the  horizontal ,  pos i t i ve  
when the northern hemisphere end of t he  spin axis is above 
the  horizontal. 

Compute the maximum displacement of the  spin axis fraa the  
o r b i t  nonnal, and the  phase i n  the  o r b i t  a t  which t h i s  
occurred, from the pa t t e rn  of instantaneous r o l l  over a 
p ic ture  sequence. 

Convert the maximum r o l l  and phase angles t o  sp in  a x i s  
r igh t  ascension and decl inat ion by ro t a t ion  through t h e  
o r b i t  inc l ina t ion  and r igh t  ascension of the ascending node. 

Compute spin ax i s  azimuth and elevation angles a t  each camera 
position. 
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e. Campute the orientation matrix re lat ing local  topocentric 
axes (east, uorth, up} t o  tht camera axes by applying 
successive rotations i n  azimuth and elevation. 

f .  Compute tilt, swing, and azimuth for  each picture  fran 
elements (direction cosines) of the orientation matrices 
generated in step e. 

Steps a. and b. make use (with s l i gh t  modification) of a method 
fo r  determining spin axis  a t t i t ude  from horizon data taken by 
infrared scfPnars on TIROS M and T06 %heel" type meteorological 
sa te l l i t es .  

In step a. of the procdure,  the instantaneous r o l l  for  each 
picture is obtained from a least-squares solution of a sys 1 em of 

cos oci a s D t  COSQK - s;t\&i SsnnK = cos e; C'l 
simultaneous l inear  equations: 

where: U L  is the displacement of the  telescope frcaa its mid-position 
normal t o  the spin axis, posit ive toward the northern hemisphere, for  
horizon point i . 
Jt is the spin displacement of the  telescope fran the midearth point 

of the ecan. 

0; i s  the angle a t  the camera between the ray t o  a horizon point 

& is the instantaneous r o l l  of the spin axis for picture K. 

and the local vertical. 

The coefficients and constant tens  are computed from the 
relati oriships 

d i  = (&- st)* 0,000131 

where Jo i s  the picture line count a t  the d i s p l a c e d  posit ion of the 
telescope and J is the picture  l i n e  count for the observed horizon 
point, Ii is tke d i g i t a l  spot count t o  the horizon point and Io is 
the spot number a t  the mid-aarth position of the scan. 
radius of the ea r th  a t  tho horizon point and 2 R is the 

i s  the length of the 
J. 

"Attitude Handbook f o r  the TIROS M and (rr-3 Meteorological S a t e l l i t e  
Syetea", Appendix E, prepared by Aetro-Electronics Division, Radio 
Corporation of America f o r  Goddard Space Flight Center, NASA, December 27, 
1965 
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geocentric radius  vector  t o  the satellite. 
was computed for  the l a t i t u d e  of the  mid-earth posit ion of each 
scan l ine f o r  a spin axis aligned with the o rb i t  normal,) 
constants 0,00131 and 0.0004261 are the angular increment i n  radians 
between successive l ines (150 i n  2000 l ines)  and successive spot 
numbers (20' in 8192 samples). 

(The value used f o r  R 

The 

-1 Final ly ,  the instantaneous r o l l  was computed f ran  8,  - t an  
(sin&/cosfdk) where the subscript  K denotes posi t ion i n  the p ic ture  
sequence. 

In s tep  b., the maximum r o l l  and phase angles w e r e  computed 
fran a least-squares solution t o  a set of l inear sinultaneous equations: 

where WK is the posi t ion of the satell i te i n  the o r b i t ,  measured i n  
radians from the  ascending node. 

Qmax i s  the  maximum spin axis ro l l .  
his  the  angular posi t ion in the o r b i t  at which the spin a x i s  has 

maximum ro l l .  

In order t o  compute the coef f ic ien ts  ( s i n  W , COB W,>, the  o rb i t  
phase angle (k) was canputed from the input la t f tude ,  longitude, 
and height. 

(1) 

(2) 

(3) 

Longitude was converted t o  r i g h t  ascensior by subtracting the 
Greenwich hour angle of A r i e s  a t  the mid-time of each picture. 
Geocentric Cartesian coordinates were computed for t h e  s a t e l l i t e  
(x a x i s  i n  vernal equinox, z axis along north polar axis). 
The corresponding d i rec t ion  cosines were transformed t o  those for 
a rotated coordinate system with x axis a t  the ascending node and 
y axis t h r  gh maximum subpoint la t i tude.  (.Q,m,-n. 

(4) WK = tan -p",m/@ 
The system of equations E21 is solved for  two unknowns: 

A = s i n  ~ m a x  c o s X  

B = s in  0max s i n h  

Prom these,  i s  computed as sin" ( J m -  ) and 

2. Pre l iminary  Test of Method with F ic t ic ious  Data 

As a preliminary t e s t  of the method using f i c t i c ious  data, a 
computer program w a s  wr i t ten  t o  generate horizon spot numbers for 
hypothetical  p ic tures  of a spherical  ear th ,  taken from equally spaced 



positions around a c i rcu lar  orbit. 
ax le  a t t i t ude  were reqd from data cards ("Phimax" the maximum value 
of instantaneous spin axis r o l l ,  and "Lambda" the phase angle in 
the o rb i t  at which instantaneous r o l l  is zero and passiag fran 
negative t o  positive). 
21 linea a t  100-line intervals  011 72 pictures 20 minutes apart. 
Variourr cambinations of these spot/l ine numbers Were then used as 
input fo r  determination of spin ax le  attitude. 

Two angles specifying the  spin 

The horizon spot numbers were generated for 

When the f u l l  papulation of 3024 horizon points (42 points per 
picture,  72 pictures) was ueed, the computed values were correct t o  
three decimal place; f r input Bmex - 0.5 , 1 = 0'. For input 
valuer of 0 p ~ a x  = 2 , - Oo the caaputed values were i n  error  by 
0,003 degrees i n  0 mirx and 0.001 degrees i n  h . For this nume 
input a t t i tude ,  and a Sreatly reduced set of 38 horizoa points (4 t o  
6 points per picture, on 7 pictures s p p d  around the orbi i )  the 
cqapppted values were in error by 0.016 in 0 max and 1.234 i n  h . 

3. Tests With Real Data 

At t i tude  was determined from three gets of pictures - 4 framer 
takm April 17-18, 9 frames taken April 21-22, and 14 frame6 frun 
h g ~ s t  15-16, 1967. The first covered too s m a l l  a section of the 
orbit  t o  give eat isfactory attitude and served chiefly t o  point up 
the problseur in accnartlating inputinfornurtian. The second and third 
carsred large portion6 of a duy and benefitted frat the  experience 
r l th  the earlier pictures. 

a. Preparation of Inputs 

The resu l t s  with fictitious data indicate tha t  sat isfactory 
ramlta could be obtained w i t h  a mall number of horizon points 
(e.8. 100) which could be measured from displays of the digi ta l  
data and punched i n t o  cards. However, for these tests it was 
more expedient t o  generate horizon sample spot/l ine numbers fo r  
each line by canputer search of the digit ized brightness value8 
and input them on magnetic tape. This computer search was 
carried out as a secondary task in the  processing of data for  
other prpoaes and could thus be done re la t ive ly  inexpensively. 

The search logic for  canputer location of the horizon sample 
lltlPPber for each l i n e  is described i n  de t a i l  in Appendix 3, 
together wtth Ehe tape format used t o  output the data. 
of the high data volume which had t o  be hundled t o  generate these 
tapes, several computer runs were required t o  process a l l  of the 
pictures i n  a raquence. 

Because 



TABU 1A.--Attitude computation f r o m  ATS I pictures of April 21-22, 1967 

PICTURE IXTE START TlME 

l3:31:27 

lb:41:07 

17:00:49 

19: 20: 17 

21: 46 : 47 

2 2 : 56:47 

01:16:12 

03 : 58 :57 

06 : 18 : 28 

LATITUDE 

9.04N 

0.m 
0.29N 

0.3& 

0.25N 

0 . 1 7 ~  

0 . 02s 

0.24s 

0.33s 

SATELLITE LOCATION 

LONGITUDE 

l49 . 94w 

3.49.95w 

149.96W 

l49.97w 

l49.981~ 

l49.98W 

l.49.98W 

3.49 . 97w 

lk9 . 93w 

HEIGHT (KM) 

35791 

35792 

357 92 

35791 

35788 

35786 

35783 

35782 

35783 

ORBIT PHASE 

(Degrees past 
ascending node) 

10.10 

27.55 
62.56 I 

97.51 c, - 
l34.23 I 

151.78 

186.73 

227 .54 
262 



SINE OF 
ROLL AWI.Jl 

0.023z7 

-0.0234S9 

-0 . 028Wr? 
-0 . 015180 
-0 . 002964 

STANRARD 
DEVIATION 

0.000038 

0.000945 

0 .OoOl95 

0.000363 

0.000047 

O.oooO27 

0.000105 

0.000018 

0 . oO0171 

SQU- ROOT 
OF WEIBIT 

7 04.43 

0 . 218 
0 . 848 
0.623 

4.944 
9.9-4 

2.305 

l3.621 

1.497 

RESIDUAL 

0.00787 

-0.0061rO 

-0.00123 

-0 . olo06 
0.00160 

Om00234 

0 . 00895’ 
0.00llh 

0.00321 

2.89 (1.21) +is 68 

0.62 (0.54) i0.08 

0.60 (-0.33) +O 93 

-1.12 (-1.m) -0.02 
t 

P w 
I 

-0.02 -1.34 (-1.32) 

-1.61 (-1.39) -0.22 

-0.87 (-0.87) 0.00 

SPIN AXIS ATTITUDE 

Departure f m  orbit normal (degrees) 

Position in orbit (degrees past ascending node) 

lS&f .03 

3%.bl21,21 

Right ascension (degrees) 236.03~ - 88 
D e c U t i o n  (degrees) 88.495 . Ob 



HORIZON DATA POINTS NADIR FOINT 

NUMBER OF LINES NOT FOUND RETFETED USED SPOT LINE - -  
1964 

1625 

15’72 

1800 

1479 

1917 

1783 

1800 

1800 

86 

76 

50 

63 

112 

77 

29 

18 

25 

93 

167 

219 

U6 

269 

94 

33 

59 

6 

1785 

1382 

1303 

1621 

2577 

1746 

1721 

1723 

1769 

3924 

(4945) 

(5005) 

(4401) 

3853 

3834 

3729 

3831 

3624 

1133 

930 

744 
882 

322 

766 

628 

849 

898 

PICTURE CENTER 

LINE - SPOT - 
3923 

(3833) 

(3833) 

(3833) 

3854 

3824 

3760 

3831 

(3833) 

956 

471 

946 

842 

965 

921 



!FABLE 2 A e ~ ~ A t t 3 . t ~  -ut.tioa for Wt 13-16, 1967 

PI= U T E  S'i311l2T TIME 

3.3 : 17 : 30 

lh:07: 31 

l4 $4 : 41 
l5 : 41:57 

16 : 29 : 07 

17 : 16: 22 

19 : 38 : 01 

20: 25 : u 
21:12:24 

21: 9: 37 

22:46:9 

01: 55 :@ 

02 :42 : 50 

06:38:56 

LATITUDE 

OeO9N 

0.10N 

O e U  

0 . U  

0 . U  

O e  10N 

0eOs;N 

0.03N 

OeOm 

OeOlS 

0.04s 

0.10s 

0.llS 

0.ws 

35793 

35793 

35793 

35792 

35792 

35790 

35786 

35784 

35783 

35781 

35779 

35777 

35777 

35782 

ORBIT €BASE 

(Degrees past 
ascending node) 

60.04 

72 57 
84.39 

96e23 
I 

c-' w 
I 

108 . 06 
119.90 

167 22 

179 0 0 6  

250 09 

2 6 ~ 9 5  



TABLE 2B. --Attitude computation for August 15-16, 1967--Continued 

SINE OF 
ROLL ANGLE 

(1) 0.010258 

(2) 0.0112%’ 

(3) 0.012502 

(4) -0.007739 

( 5 )  -0.002U9 

(6) 0.010592 

(7) 0.005653 

(8) 0.003884 

(9) O,OOl!&2 

(10) -0.001680 

(11) -0.004.l50 

(E) -0.010338 

(13) -0.010436 

(14) -0.006791 

ONE SIGMA ERROR 

0.000052 

0 . 000049 

0.000044 

0.000786 

0.000769 

0 . m 3 8  

0 . m 2 5  

o.ooo022 

0 . 0 ~ 2 3  

0 .00OO30 

0 . oo0010 

0.000009 

0.000009 

0.00003.3 

STANIIARD SQUARE ROOT 
DEVIATION OFWEIGHT RESIDUAL 

0.000047 

0.000045 

0 . 000039 

0.000372 

0 .om236 

0 . 000085 

0 . 000066 

0 .oooO53 

0,000062 

00-9 

0,000010 

0.o0O010 

O.ooOo10 

0 . 000010 

2.564 

2.757 

3.074 

0 . 171  

0.175 

3.502 

5.335 

6.179 

5 . 775 

4.511 

u.987 

11.726 

11.683 

l0.483 

-0 00243 

-0 .00261 

-0 00497 

+O .00320 

+0.00222 

-0.00308 

-0 00386 

-0.00661 

-0 0055 7 

+ 0.00105 

+O . 00386 

+Om 00230 

-0.00549 

- 0.00422 

SPIN AXIS UT- 

Departure from orbi t  no& (degre-9 

Position in orbit  (degrees past ascending node) 

Flight ascension 

Declination 

SPIN AXIS 
ERROR (Degrees) - ROLL (Degrees) 

0.59 (0.53) 0.06 

0.65 (0.59) 0.06 

-0.12 (0.61) -0.73 

0.61 (0.56) 0.05 

0.32 (0.28) 0.04 

0,22 (0~16) 0.06 
# 

o\ 
0.06 w 

-0.08 (-0.07) -0.01 1 

0.09 (0.03) 

-0.24 (-0.22) -0 . 02 

0.63+0 - -01 
92 0 7 - +1 12 
47.8021.34 

89 .h8+o -01 



TABIB: 2C.--Attitude oaqputatiaa for A w t  15-16, 1967-bntinued 

HORIZON n u  m m s  
USH) - NUMBEROFLINES NOTFOUND REWECTEII 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

264 

527 

709 

827* 

697 

419 

4 
1 

3 

3.616 

I2 

36 

126 

340 

NADIR w m  

3780 lo94 

3760 llo4 

(4248) 
3783 

(4730) (954) 
3760 1096 

3780 lo89 

3793 1052 

3796 1040 

3809 1021 

3706 992 

3709 977 

3720 930 

3727 929 

3751 956 

PICTURE CENTER 

LINE SPOT 

3801 lo09 
- - 

b189 1009 

3760 lo09 
I 

3767 lo09 J 

3793 loo9 
0 

3829 lo09 

3609 1009 

3821 1009 

3725 1009 

3722 lo09 

3733 lo09 

3752 1009 
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An auxiliary program was wri t ten t o  assemble the da ta  from 

This program a l s o  p r i n t s  out the horizon sample 
these tapes onto a s ingle  tape i n  proper sequence according t o  
p i c tu re  times. 
numbers f o r  each l i n e  f o r  ver i f ica t ion ,  Also, f o r  pictures  of 
a f u l l y  i l luminated earth d isc  (taken within 40 minutes of loca l  
noon) the  difference in sample numbers between the l e f t  and r igh t  
horizons and the  s h i f t  of the  rnid-earth sample number from the  
center of the  data  format are canputed and pr inted out f o r  
diagnostic use. 
the a t t i t u d e  program requires a number of other information 
items which are input on punched cards. 
p i c tu re  iden t i f i ca t ion  and time, o rb i t a l  elements, parameters 
defining the  camera image geometry, and program option se lec t ion  
codes, are l i s t e d  i n  Appendix 4. 

In addition t o  t h e  horizon data  input on tape, 

These items which include 

b. Numerical Results 

The r e s u l t s  of t h e  a t t i t u d e  computations f o r  p ic tures  from 
April 21/22 and August 15/16 are shown i n  Tables 1 and 2 respec- 
t ively.  
date  and start tfme fo r  the pictures  used, and the satel l i te  
locat ion ( l a t i t ude ,  longitude, height),  and posi t ion i n  the o rb i t ,  
relative to the  ascending node. 
generated from o r b i t a l  elements funrished by NASA using one of 
the in-house o r b i t a l  generators referred to above and are 
therefore  t o  sane extent approximations, but close enough fo r  
the a t t i t u d e  computation. 

There are three  par t s  t o  each table. The f i r s t  shows 

The satell i te posi t ions were 

The second pa r t  of each tab le  shows the instantaneous r o l l  
computed fo r  each p ic ture  together with e r r o r  descr iptors  and the 
f i n a l  solut ion obtained f o r  the orbit .  The standard deviations 
i n  the t h i r d  column were obtained fran the solut ion of the normal 
equations developed from the system of equations , and are 
a measure of the average difference i n  the cosine of the  nadir 
angle t o  the  horizon as computed from t h e  p ic ture  horizon data 
by the left-hand member of the equation, and from the s a t e l l i t e -  
ear th  geometry represented by cos eF. 

The one sigma e r ro r s  i n  s i n  0 shown in column 2 were obtained 
fratn the  standard deviations using the  reciprocals of the diagonal 
members of the inverted noma1 equation coef f ic ien t  matrix as 
weights. 

611 

The r e l a t ive ly  la rge  e r ro r s  for the second p ic ture  in t ab l e  
1 B  and the fourth and f i f t h  pictures  i n  tab le  2 B  r e su l t  from 
inaccurate horizon detection and/or uncertainty of the posit ion of 
the p ic ture  center  and a r e  discussed in d e t a i l  below. 
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I n  the least-squares solution for  the s i n  axis a t t i tude  

fran the system of obiamation equations 
was weighted according t o  the error  i n  s i n  8 
second column, 
by multiplying each term of each obsewation equation by the 
square root of the weight. 
column, 
error8 i s  apparent. 
discrepancy between weighted values of s in  $ as computed fran 
horizon data f a r  individual pictures ( f i r s t  column) and from the 
l e f t  hand members of the obesrvatim equations using the solution 
fo r  the unknowns shown i n  brackets i n  equation E21  

, each equation 
shown i n  the 

The weights were introduced knto the computation 

These values are  shown i n  the fourth 
The law relative weights of the pictures with the larger 

The residuals i n  the f i f t h  coluum show the 

, 

(Reatdual 9 Weight k ((Cos wk A+ s i n  w B) s i n  @k) 0)  

k 
Colupln 6 shows the instantaneous spin axis  r o l l  for  each 

p%cture detennined fran horizon data (canputed from s i n  0 i n  
column l), together with the corresponding value generated fran 
the spin a x i s  a t t i t ude  and position i n  the orb i t  (shown i n  
parentheses i n  the table), The last column shows the differences 
between the two sets of r o l l  values, and i s  a be t te r  indicator of 
the  correctness of r e su l t s  than the errors  shown in the second 
column. The e t a a s t i c a l  error8 point up roughness i n  the data 
whorre e f fec t  is largely eliminated i n  the least-squares solution 
for data with nonaal ermr  distribution, but do not r e f l ec t  
myatematic bias  f ran the correct values, 

The computed solutions fo r  the spin axis  a t t i t ude  are shown 
a t  the bottom of tables 1 B  and 2B with the i r  one sigma errors. 
(The corresponding probable errors  may be obtained by multiplying 
by 0.675,) 
]laclinafAan of spin a x i s  t o  o rb i t  nonnal, and location re la t ive  t o  
ascending node of plane containing o rb i t  normal and spin axi8 
vector; 2) Right ascension and declination of geocentric vector 
para l le l  t o  spin axis. 

Attitude i s  shown i n  two sets of coordinates: 1) 

Becsuse the o rb i t  i s  80 nearly equatorial, the incl inat ion 
t o  the o rb i t  nonnal i s  nearly equal t o  the codeclination. 
re la t ive ly  large e r rors  i n  o rb i t  location, and i n  r igh t  ascenrion, 
are deceptive because they occur near the  polar axes of the 
coordinate systems where the angles are poorly defined. 
vectors displaced in s l igh t ly  different  directions fran aligrnnent 
with the north polar axis  could d i f f e r  in Right Ascension by 180*.) 

The 

(Two 

The values determined are the best obtained fran several 
caaputer run8 made fo r  each picture sequence as improvemente were 
made i n  horizon detection techniques and i n  methods of t reat ing 
bad data input, At t h i s  writing other changes i n  procedure are 
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being tested which should imprave the  accuracy of r o l l  determlna- 
t i on  i n  the  p ic tures  with the  l a rges t  e r r o r s  but r e s u l t s  are 
not ye t  available.  

C. Error Considerations 

Errors i n  Che determination of sp in  axis  a t t i t u d e  from the 
system of equations arise pr inc ipa l ly  from 1) the l i n e  (Jo) and 
sample (Io) numbers assigned t o  the  p ic ture  center ,  2) the 
sample numbers (I) found for the horizan, which determine the 
coef f ic ien ts  of the l e f t  hand member through the  relat ionships:  

O C ~  = (Jo-J) 6,OOOi3\ 
J'L= (1-1J x 0.  0000426' 

These are discussed i n  detail below. 
affected by the  correctness of the numerical constants i n  the  

and by approximations used i n  the  equations fo r  0~ 

computation of cos 0. e constant 0.000131 (radians) is the  
incremental angle szepped f o r  each l i n e  by the  c q r a  t e 1 e s c o p e . b  
traversing from 7.5 
2000 l i n e s  of a picture. 
not thought t o  have caused serious error. The constant 0.00004261 
(radians) i s  the incremental angle between successive samples of 
a l i n e  as the  telescope r o t a t e s  about the  sp in  a x i s  and data 
from a 20-degree port ion of the  spin cycle is d ig i t i zed  i n t o  
8192 samples. Experimental check of th€s constant wgs made from 
horizon data and i t  was  found t o  be cor rec t  within the limits of 
experimental e r ro ro  
The values obtained with t h e i r  standard deviations are:  

The accuracy is a l s o  

and 2 
above the  mid-position t o  7.5 below in the 

This value wzas taken on f a i t h  and is 

The procedure i s  outlined in Appendix 5. 

For April 21/22: 
For  August 15/16: 

0.00004290 3- 0.00000775 
0.00004225 3- - 0.00000014 

These two values bracket the nominal value 0.00004261 and the 
departures of each mean from the  nominal value (0.00000029 and 
0,00000036) a r e  not s ignif icant .  

nadir  angle to the harizon point i s  computed for tangency t o  a sea- 
leve l  spheroid using the l a t i t u d e  of the midearth point of the  
scan and neglects both the  elevat ion of the point a t  the space/ 
earth in t e r f ace  which forms the image horizon, and the d i f fe rence  
in radius of ,the ear th  between the  l a t i t u d e s  of the midearth 
portion of t h e  scan and the  horizon points. More accurate values 
of cos 8 could be obtained with a procedure similar t o  t h a t  
described i n  Appendix 5 ,  by assuming the sp in  axis t o  be along the  
o rb i t  normal, computing horizon spot / l ine numbers f o r  each p ic ture  
under tha t  assumption, and adjust ing the a t t i t u d e  so t h a t  the  
residuals  between the computed and observed horizon points  are 
minimal . 

The computation of cos 0 involves approximations in that: the  
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1 

L \ 

3 5 

-(* -* Y 

Figure 4. Graph8 rhowlng variation of mid-earth -le nunber8 frar 
line to line, and from picture t o  picture. 
rrrple numberr with zero reprerenting the central ouple d e r  of a 
line. 

Eoritont.1 rcalar are 

Ikts/tirao for the picture8 are: 1 and 2: 4/17/67, 220735; 
3: 4/21/67, 214647; 4: 6/26/67, 215200; and 5: 8/15/67, 215437. 
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T i m e  did not permit use of t h a t  approach, but i n  any event 

from incor rec t  p ic ture  center  coordinates and incorrect  
the  e r ro r s  f r an  approximations i n  cos 8 are small relative t o  
those 
horizon detection. 

In an i d e a l  case the  mid-earth sample numbers fo r  each l i n e  
would be iden t i ca l  and cent ra l  i n  the da ta  population. (Sample 
number 4096 i n  the or ig ina l  data a t  8192 samples per line. 
number 3833 i n  the reduced population of 7665 samples formed by 
cropping 256 samples from each end of the or ig ina l  data line.) 
the real da ta  processed the midearth sample numbers depart from 
the  i d e a l  both i n  varying f ran  l ine- to- l ine i n  an osc i l l a to ry  
curve with amplitude of 20 samples o r  more, and i n  being sh i f ted  
from the  middle of the  da ta  f o r  the line. This can be seen from 
the graphs of Figure 4 where the mid-earth points  (half  way 
between the two horizons) are plot ted against  l i n e  umber ,  for  
pictures  taken near loca l  noon on April 17 and 21, June 26, and 
August 15. The va r i a t ion  fran l ine- to- l ine i s  apparent i n  
graphs 2 and 3 and an extreme example of s h i f t  from the center i s  
shown In graph 4 where the o f f se t  i s  some 400 samples so t ha t  the 
l e f t  horizon was never recorded i n  the cent ra l  l i n e s  of the 
picture.  
the  l ine- to- l ine var ia t ion ,  the a t t i t u d e  program included a 
diagnostic sect ion t o  canpute the locat ion of the image nadir 
point (ear th  center). The method i s  described i n  appendix 60 
The p ic ture  center sample number i s  the  same as t h a t  of the image 
nadir  point and t h i s  permits evaluating the shgft  f ran  the nominal 
center  i n  pictures  with only 1 horizon. The values obtained are 
l i s t e d  i n  the f i f t h  and s ix th  coluams of Tables 1 C  and 2C. The 
values shown in parentheses f o r  pictures  2 ,  3, and 4 i n  Table 1 C  
and p ic tures  4 and 5 i n  Table 2C a r e  grossly i n  e r r o r  because of 
a defect  i n  horizon detect ion procedure. This was corrected and 
the revised values f o r  pictures  4 and 5 i n  Table 2C are shown 
below those o r ig ina l ly  obtained. (The sample numbers f o r  the 
p ic ture  center in the seventh column are those input on data 
cards and were based on r e s u l t s  from earlier canputer runs wi th  
the  same data. 
i n  other cases s l i g h t l y  d i f f e ren t ,  and where no good value f o r  the 
nadir point  was avai lable ,  the nominal p ic ture  center 3833 was 
used *) 

Sample 

I n  

A s  t h i s  displacement i s  more serious i n  magnitude than 

In same cases they are the same as fo r  the nadir,  

More serious than the departure of pic ture  center sample 
number fram nominal is the uncertainty i n  p ic ture  center l i n e  
number when processing portions of a picture. 
tables  1 C  and 2C shows t h e  number of lines on each picture.  I n  
table  1 the number var ies  markedly and i n  one case i s  500 l ines  
less than the 2000 odd l i n e s  of a complete picture ,  so t h a t  the 
loca t ion  of t he  p ic ture  center  i s  not adequately known. I n  the 
case of t he  f i f t h  p ic ture ,  i f  the  1479 l i n e s  a r e  from the start 
of a p ic ture  of 2017 l ines,  p ic ture  center i s  a t  l i n e  1009. 

The f i r s t  column of 

I f ,  



on t h e  o the r  hand, they are t h e  last  l i n e s  i n  t h e  p i c t u r e ,  t h e  
c e n t e r  is at  l i n e  471. 
s i g n i f i c a n t l y  w i t h  the  l i n e  number of the  p i c t u r e  center.  Xn 
equations [I] both c o e f f i c i e n t s  of t h e  l e f t  hand member are 
func t ions  of the  angle d t ,  computed from 6 i (Jo - J i )  * 
0.000131, where J o  i s  the  l i n e  number of t h e  p i c t u r e  center. 
the  a b w c  example i f  t h e  center l i n e  were 1009, t h e  s i n e  of t h e  
r o l l  would be -0.089 insteadoof -0.020 obtained using 471 f o r  
Jo ,  and t h e  r o l l  would be -5 

The computed r o l l  va lue  varies 

I n  

in s t ead  of -1'. 

I n  order t o  assess t he  p o t e n t i a l  accuracy of t h e  a t t i t u d e  
determination procedure when p i c t u r e  cen te r  coord ina tes  are 
known, an attempt was made t o  compute them from t h e  horizon d a t a  
themselves using the  i terative minimum var iance  techniques 
out l ined  i n  Appendix 7. 
cases but f a i l e d  completely i n  others. 
procedure was a l s o  t r i e d ,  with reasonable r e s u l t s  f o r  one 
p i c t u r e ,  but has not been w e l l  t es ted .  
Spo t / l i ne  numbers of the  image nad i r  po in t  ( ea r th  center) is 
computed by the  method of Appendix 6. 
number is equal t o  t h a t  of the  image nad i r  po in t ,  and the  p i c t u r e  
cen te r  l i n e  number i s  computed from: 

This gave s a t i s f a c t o r y  r e s u l t s  i n  sane 
A simpler i t e r a t i v e  

I n  t h i s  procedure,the 

The p i c t u r e  c e n t e r  sample 

Jo = JN - 8 / 0.000131 

Where JN i s  the  image nad i r  po in t  l i n e  number, and @ i s  t h e  
sp in  a x i s  r o l l  angle computed i n  the  previous i t e r a t i o n .  

Fortunately the  problem of p i c t u r e  c e n t e r  l oca t ion  has 
been solved a t  t h e  readout s t a t i o n  b y ' d i g i t i z i n g  only every 
o ther  p i c t u r e  so t h a t  each tape  conta ins  a complete p ic ture .  
This i s  r e f l e c t e d  i n  Table 2C where the  number of l ines  shown 
in t h e  f i r s t  column i s  1800 f o r  each p ic ture .  
d i g i t a l  gapes received from t h e  ground readout s t a t i o n  f o r  t h i s  
o r b i t  contained complete p ic tures .  
an unnecessary ( i n  t h i s  case) p ro tec t ion  a g a i n s t  running t apes  
of f  the  reel. 
tape and d i d  not have a terminating end of f i l e , )  
t h a t  the l i n e s  processed a r e  t h e  f i r s t  1800 l i n e s  of each p i c t u r e  
i s  given by the  o rde r ly  progression of nad i r  po in t  l i n e  numbers 
(Table 2C, s i x t h  column) with the  v a r i a t i o n  of sp in  a x i s  r o l l  
angle  around t h e  o r b i t .  
i n  t he  6 th  column of Table 1 C  where cor rec ted  nad i r  po in t  l i n e  
numbers, obtained by ad jus t ing  coordinates so t h a t  t h e  p i c t u r e  
c e n t e r  would f a l l  a t  l i n e  1009, are shown i n  parentheses,) 

I n  add i t ion  to i n c o r r e c t  sample/l ine numbers f o r  t he  
p i c t u r e  cen te r ,  e r r o r s  i n  t h e  sample/l ine numbers of i nd iv idua l  
horizon po in t s  presented a problem, Var ia t ions  i n  l i n e  count 
caused by mul t ip l e  r ache t t i ng  of t h e  te lescope  between scans, 

Actually t h e  

The cu tof f  a t  1800 l i n e s  was 

(Some e a r l i e r  tapes contained d a t a  t o  t he  end of 
Corroboration 

(The same o rde r ly  progression may be seen 
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Figure 5. 
sample number, for portions of 4 l ines  of an ATS-1 picture which include 
the right horizon. 

Bar graph showing variation of digitized brightnees level d t h  



or  by f a i l u r e  t o  rachet are not  ser ious and are adequately 
handled by the least-squares solution. 
source of e r ro r  arose from the la rge  number of incorrect  
horizon sample numbers reeul t ing from inadequacieo of the  
canputer horizon detection logic. The second, th i rd ,  and 
fourth columns of Tables 1 C  and 2C show, fo r  each picture ,  the  
number of points where the horizon was not found, the number of 
points re jected i n  the l ea J t rnSqwes  solut ion,  and the rides 
used. 
pictures  taken before noon, and is caused by lw-level brightnesr 
f luctuat ions near the sun terminator which were fa lee lg  interpreted 
as earth/sky interface.  
values fo r  the  sky/earth and earth/eky thresholds fo r  horieoa 
detect ion i n  picture8 of the  "crescent earth". By using a higher 
sky/earth threshold t o  es tab l i sh  earth as the search procedes 
outward from the  p ic ture  center,  ear th  is detected c loser  t o  the 
i l l d n a t e d  horizon and the dimly lit portion near the terminator 
i s  bypassed. 
the nadir point epot / l ine numbers fo r  the fourth and f i f t h  pictures  
i n  tab le  2C. 

The most troublesane 

The number of bad determinations i o  especial ly  la rge  in 

This problea was solved by usin$ separate 

The improvement i n  horizon detection i n  indicated by 

I n  order t o  f i l ter  out the large number of bad data points,  
a loop was added t o  the leaet-squares subroutine t o  analyze the 
frequency d i s t r ibu t ion  of re r idua ls  formed from the i n i t i a l  
solut ion,  and where a double peaked d is t r ibu t ion  was prereat ,  t o  
r e j e c t  data from the peak with the fewert pointe, Thin worked w e l l  
except fo r  the fourth p ic ture  of Table 2C where the bad points  
outnumbered the good and were used i n  the solution. The p ic ture  
wae reprocessed uaing the improved detect ion technique with much 
be t t e r  r e su l t s  as indicated by the  improvement i n  computed nadir 
spaf/ l ine number. 

The importance of adequate horizon detection techniques i e  
i l l u s t r a t e d  i n  Figure 4 where graphs 1 and 2 are f o r  the same 
picture. 
point data is caused by noise i n  the space par t ion of the vi- 
when an earth/sky threshold of 1/0  i s  used. 
the second graph was obtained by se t t i ng  the threshold t o  6 / 5  
in the d ig i t ized  brightness wale. 
of brightness a t  the sky/earth in t e r f ace  (which may be seen in the  
samples of Figure 5 )  the  horizon sample number i s  sh i f ted  only 
s l i g h t l y  inward by use of t h e  higher threshold. There may in 
f ac t  be 8n additional s l i g h t  increase i n  accuracy because the  
inward s h i f t  of a few samples approximates the angular difference 
in rays t o  cloud horizons, and t o  the ear th ' s  surface used fo r  
computing cos 8. 

In  the f i r s t  graph t h e  large s c a t t e r  i n  the mid-horizon 

The improvement in 

Because of the r a p i d  increase 

Spin axis a t t i t u d e  f o r  the ATS-1 Satellite can be dstenaiued 
from Spin Scan Cloud Camera horizon data with an accuracy 
comparable t o  t h a t  obtained from the  data provided by infrared 
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horizon detectors  used i n  meteorological satellites. 
two determination8 described here,  e r ro r s  were i n  the range of 
0,01 t o  0.05 degrees. This accuracy could perhaps be improved 
because these r e s u l t s  include e r ro r s  caused by defects  i n  the  
horizon detect ion technique which have s ince been eliminated, 
(Some s l i g h t  addi t ional  impruvement could perhaps be achieved 
by use of i t e r a t i v e  minimum variance techniques t o  improve an 
i n i t i a l  a t t i t u d e  estimate,) 

I n  the  

I f  the d a t a  from ATS-1 i s  t o  be processed operationally,  
and i f  a t t i t u d e  i s  t o  be determined from horizon data ,  it w i l l  
be important t o  process a l l  of t he  l i n e s  of each p ic ture  
(without an a rb i t r a ry  cutoff at  1800 l ines)  becaum, for small 
departures of the  sp in  axis from the o r b i t  normal, t he  chauge in 
horizon posi t ion with spin axis a t t i t u d e  i s  most pronounced a t  
the top and b o t t m  of the picture. 

Because of the  large data volume required t o  obtain one 
a t t i t u d e  determination i t  vi11 be advisable t o  i n t eg ra t e  the 
various programs and t o  use the computer disk f o r  temporary 
storage t o  eliminate magnetic tapes a t  program in te r faces ,  

C, Pic ture  Grids 

I n  order t o  produce SSCC pic tures  with superimposed la t i tude/ longi tude 
l ines ,  modifications were made t o  an ex is t ing  computer program. The output 
of t h i s  pro~ram i s  a magnetic tape containing the p ic ture  spot / l ine  numbers 
f o r  points  on the gr id  l i ne ,  (This tape,  together with a tape of d ig i t ized  
p ic ture  element brightness,  p r w i d e  input  t o  a second computer code which 
superimposes g r id  l i n e s  onto the p ic ture  by a l t e r i n g  the  brightness of 
selected p ic ture  elements on t he  gr id  lines. This program has options t o  
generate tapes compatible f o r  input e i t h e r  t o  a facsimile p r in t e r ,  o r  t o  a 
LINK CRT display device operating i n  i t s  d i g i t a l  mode.) 

The required modifications were addi t ional  input information read 
from punched cards and revis ion of the subroutine which converts d i rec t ion  
angles of incident  rays from gr id  points  on the  ear th  t o  spot / l ine  coordinates 
in t he  picture.  

In addi t ion a new subroutine was wri t ten  t o  generate image coordinates 
of points  on sunl ight  terminator l i n e s  a t  sea leve l  and a t  other desired 
elevat ions specif ied on input  cards. This program takes i n t o  account the 
s h i f t  of terminator l i n e  caused by motion of the satel l i te  during the 20- 
minute duration of the  p ic ture ,  but does not take atmospheric re f rac t ion  
i n t o  account. 
a standard atmosphere is i n  the debugging stage. 

An improved vers ion which appl ies  the average re f rac t ion  f o r  
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Figure 6. Gridded ATS-1 picture  (April 17,  1967: 2207369). The gr id  
marks are obtained by a d i g i t a l  melding process i n  which the brightness 
value of picture  elements along the gr id  lines are modified i n  the 
computer before the  d i g i t a l  tape t o  dr ive  the  LINK CRT device i s  
wr i t  ten. 



Figure 7. Gridded ATS*l picture. (June 26, 1967: 215200%) 



Figure 8. Gridded Picture from ATS-1. (June 26, 1967:2152008) This is 
the same picture  as i n  Figure 7 with the brightness  elements of each 
l i n e  s h i f t e d  laterally so that  the mid-earth points  are in a s tra ight  
l ine from top t o  bottom, centered in the format. 



Figure 9. Gridded ATS-1 picture. (August 15,  1967: 2154372) 



r 

Figure 10. ATS-1 icture taken near 7 a.m. local time showing sunlight 
tendhator linea for sea level, and for 10,000, 20,000, and 30,000 foot 
elevations. (August 15, 1967: 17162B) 
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One unresolved problem i n  the g r i d d i w  of t h e  ATS data  has been the 

technique t o  be used when l i n e s  are missing from the d i g i t a l  data. 
solut ion involves in se r t ion  of a blank l i n e  i n  i t s  proper locat ion where 
there  i s  a missing l ine within a picture.  With the data  avai lable  at t h i s  
wri t ing,  t he re  is some doubt of the l i n e  counts furnished with the d i g i t a l  
data and the re  has been a f a i l u r e  i n  the  hardware furnished l i n e  counts in 
the  hundreds and thousands positions. 

One 

Examples af gridded p ic tures  are shown i n  Figures 6 through 10. 
Figures 7 and 8 show the same picture. 
in the  display raster with the  orbital 
dig i t ized  brightness elements, 
sh i f t ed  i n  such a manner tbat the  mid-horizon points  of each l ine  are moved 
t o  the  center  of the  display format. This s h i f t  is done on the  computer 
in the  same program tha t  de tec ts  horizon points and not  only centers  the  
p ic ture  i n  the format but cor rec ts  l ine- to- l ine o f f se t s  i n  the  or ig ina l  
da ta  due t o  slight imperfections i n  the smoothed sun-pulse synchronizing 
c i r cu i t s .  Proper l ine- to- l ine synchronization is necessary f o r  accurate 
gridding o r  mapping since both assume coherent p ic ture  geometry. 
shows a morning p ic ture  (6 AM local time) with the r i g h t  horizon illuminated 
and sunl ight  terminator l i n e s  f o r  eea level and a t  10,000, 20,000 and 
30,000 feet .  Terminator l i n e s  may pe-t 8ane approximation of cloud 
heights. Thus a cloud which i s  illuminated and located between the 10,000 
and 20,000 E t .  terminator l i n e s  must be at  least at  10,000 feet.  

In Figure 7 the  p ic ture  i s  located 
l i n e  and sample numbers of the 

In Figure 8 the picture  l i n e s  have been 

Figure 10 

In al l  of the gridded pictures  shown, major coas t l ines  have been 
added at  the same time the perspective la t i tude/ longi tode g r id  was 
superimposed on the picture. 
test phase gives another check on the  accuracy qf a t t i t u d e  and gridding 
programs. 
previously described (Prankel, 1962). 

This supplements the g r id  and a l s o  in a 

The techniques f o r  use of these coas t l ine  data  have been 

D. Mapping Picture  Brlghtuees 

The "benchmark" program provides input  t o  the program which map 
p ic ture  brightness. For video data from "AVCS" t e lev is ion  camerae used 
i n  meteorological s a t e l l i t e s ,  coordinate6 of regular ly  spaced points in 
the image r a s t e r  (corrected f o r  lens  and electronic  d is tor t ions  measured 
i n  a prelaunch d i s to r t ion  ca l ibra t ion  (Dooli t t le ,  1963)) are canbiaed with 
the  satell i te locat ion and the camera or ien ta t ion  t o  canpute the l a t i t ude /  
longitude of the  points ,  and t he  corresponding map coordinatee on Mercator 
and polar  stereographic projections. 

The required modification f o r  the SSCC replaces the corrected 
coordinates of the image benchmark points  (which f o r  AVCS pictures  are read 
i n  as tab les  generated i n  the prelaunch d i s to r t ion  ca l ibra t ion)  with 
equivalent coordinates generated point by point from sample/line numbers 
of t he  ATS pictures.  
conventional p ic tures  and those taken with the sp in  scan cloud camera are 
considered i n  Appendix 8 ,  

The difference in image-forming geometry between the 
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Figure 11. The LK2048 produced frame. 
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Figure 12. The EIS produced frame (fran NASA). 
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This  modi f ica t ion  has been completed and a sample i n p u t  t ape  f o r  
t h e  mapping programs has been w r i t t e n ,  but a t  t h i s  writing has not been 
Used with t h e  rev ised  mapping codes t o  test i t s  c o r r e c t n e ~ s .  
of video  mapping have been previously described (Br i s to r  e t  a l ,  1966). 

Techniques 

V. DXSPLAY 

A t  NESC we have two d i sp lay  devices,  the FAX and t h e  LINK, which can 
use d i g i t a l  t apes  as t h e i r  i npu t  source. 
contained i n  Appendix 2. 
There were 4 programs w r i t t e n  t o  d i sp l ay  p i c t o r i a l l y  t h e  SSCC data. 
a l l  use t h e  copy-and-edit program output as t h e i r  source. To maintain t h e  
same approximate areal coverage i n  t h e  E-W d i r e c t i o n  as i n  t h e  N-S d i r e c t i o n ,  
t h e  LK2048 program and t h e  FAX program use every 3rd sample along t h e  scan 
line to produce t h e  image while t h e  f u l l  r e s o l u t i o n  programs, LK1024 and 
LK2X2, use every d a t a  sample along t h e  scan l i ne  and genera te  2 scan l i n e s  
between each p a i r  of data l i n e s  by in t e rpo la t ion .  The FAX program produces 
f u l l  d i sk  image. The X2048 program c r e a t e s  an  2048 mode image which 
is 80% of t h e  f u l l  d i sk  when every t h i r d  sample i s  displayed. 
two programs are used t o  d i sp l ay  an a r b i t r a r y  s e c t i o n  of t he  d i sk  a t  f u l l  
r e s o l u t i o n  and i n  1024 mode on t h e  LINK, 
1024 ad jacent  samples of 330 consecutive scan lines. 
d i g i t a l  magnification, t he  LK2X2 program takes  each da ta  sample and makes BI 
2x2 matrix of it and formats the  matrices f o r  d i sp lay  i n  the  1024 mode on 
the  LINK. Each LK2X2 image, t he re fo re ,  c o n s i s t s  of 155 consecutive l i n e s  of 
512 ad jacent  samples, 

A b r i e f  desc r ip t ion  of each i s  
off l i n e  from t h e  canputer, They are operated 

They 

The o ther  

The LK1024 program makes an  image of 
To experiment with 

The l a r g e  dynamic range of t h e  sensor allowed ample opportunity t o  
experiment with da ta  t o  d i sp l ay  conversion techniques. 
used by the  programs t o  produce the  images i n  the  following sec t ion  are given 
i n  Table 3. There was no attempt t o  c a l i b r a t e ,  t o  apply s o l a r  i l l umina t ion  
co r rec t ions ,  o r  account f o r  t he  d i f f e r e n t  poss ib le  gain s e t t i n g s  on t he  
s a t e l l i t e  or ground s t a t i o n .  

The lookup t a b l e s  

The samples of t he  d i g i t a l  d a t a  i n  t h e  following set  of figures are 
made from t he  p i c tu re  taken on June 26 a t  21522. A l l  p i c t u r e s  were developed 
without t he  a i d  of a greyscale wedge on the  film. The v e r t i c a l  dark liner; 
are caused by d i sp lay  equipment problems and a re  not contained wi th in  the  
source data. 

The output from LK2048 i s  shown i n  Figure 11. The f u l l  range t a b l e  
was used. The b r i g h t  t r o p i c a l  clouds have been clipped a t  t he  high end 
a t  t he  ground s t a t i o n .  A p r i n t ,  made from the second genera t ion  negative 
of the  Elec t ronic  Image System (EIS) cathode ray tube d i sp lay ,  was enlarged 
photographically t o  the  same s i z e  as Figure 11 and is shown i n  Figure 12. 
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Figure 13. Hawaiian Area. 
A. 
B. 

LK2X2 wlth low enhance table. 
Photographically scaled map of area. 



A, 

i 
* 1  

Figure 14. ITC A r e a  
A, ATS picture odng full range table, 
B. ESSA-5 frame. 
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A. 

B. 

Figure 15. ITC Area. 
A. LOW enhance table. 
B. Portion of EIS frame, for same area, 
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Figure 16. ITC Area. 
A. Mid enhance tab le .  
B. High enhance tab le .  
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B. 

Figure 17. Baja California Area. 
A. Low enhance table. 
B. Portion of EIS frame for same area. 
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Figure 18, Baja California Arm. 
A, ATS picture using horizon table. Inoert oectim USilrg a i d  

B, ESSA-5 frame, 
enhance table, 
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The Hawaiian Islands area was chosen t o  t e s t  the LKWZ program. This 
area is located j u s t  a l i t t l e  l e f t  of center i n  Figure 11. The very low 
range tab le  was  used i n  an attempt t o  enhance t h e  geographical features.  
The r e s u l t  
t o  the same scale. The is lands appear t o  be mostly cloud covered except 
for the peaks on the Island of Hawaii. Any attempt t o  increase the s i z e  
of the sample matrix, i.e., 3x3, 4x4, would grea t ly  increar r  the graininerr  
and probably destroy eye appeal. 

i s  shown i n  Figure 13 along with a Hawaiian amp sect ion enlarged 

A c l m d  area on the  In te r t ropica l  Convergence ( ITC)  j u s t  t o  the  r i g h t  
of center  in Figure 11 i s  depicted i n  Figures 14, 15 and 16. 
displays a r e  the output of the LK1024 program. 
ured i n  Figure 14.. 
t ab l e  aa the less br ight  clouda are e i t h e r  mirsing or barely discernable. 
Thir d i f f i c u l t y  w i l l  be compounded when cal ibrat iona,  d i f fe ren t  gain 
r e t t i ngs ,  and sun angles are included i n  the computationr. 
taken 1% hour earlier is shown i n  Figure 14b. To t r y  t o  bring out as much 
d e t a i l  as possible and s t i l l  r e t a i n  rope eye appeal, the low enhance t ab le  
was  used t o  produce Figure 15a. 
increased t o  the rme scale, is rhown i n  Figure l5b. Of i n t e r e s t  i r  the  
th in  cloud l i n e  i n  the lower r igh t  center  which can be f a i n t l y  reen on the  
ESSA-5 frame. The mid enhance t ab le  war used t o  produce Figure 16.. The 
protrurions of the cent ra l  br ight  areas are more c lea r ly  defined. The 
three f inger- l ike cloud r t ruc turer  are a la0  clecrrly rhown although the  
reparation i a  be t t e r  i n  the f u l l  range depiction. I n  Figure 16b. the 
disappearance of the  left-most f inger  and the  d i r t i n c t  separate br ight  
arear of the cent ra l  cloud mars are features brought out when the  high 
enhance t ab le  is applied t o  the data. 

These 
The f u l l  range t ab le  war 

It demonstrates the d i f f i c u l t y  i n  applying a l i nea r  

The ESSA-5 f raae 

The lame sect ion from the EIS photo, again 

Baja California,  a t  approximately 6' azimuth, is a prominent landmark 
i n  the SSCC pictures.  
produced by LK1024, are rhana i n  Figures 17 and 18. 
war used in Figure 17a. t o  bring oat terrain features. 
between Tiburon Ialand and the  r r in land  i r  di rcenublo .  
again t o  scale ,  is shown i n  Figure 17b. 
the display of the horizon war thought t o  be ureful.  
produced using the  horizon table.  
27 minutes earlier, i s  rham in Figure 18b. 
the Gulf of Mexico which war d i g i t a l l y  enhanced using the  mid enhance 
t ab le  and then fur ther  enhanced photographically. 

Views of i t ,  the Gulf of Mexico, and the horixon, 
The loa enhance t ab le  

The channel 
The EIS rectioa, 

To help with a t t i t u d e  detect ion,  

The view of the ram area frcm ESSA-5, 
Figure 18a. war 

The inrert i o  the  port ion over 

VI.  SUMMARY AND CONCLUSIONS 

The SSCC experiment has given a far-reaching opportunity t o  work 
v i t h  a high volume of meteorologically meaningful d ig i t81  data. 
sensor responre characteristicr and dynamic range have opened new vistas 
f o r  i n fo rmt ion  proceasing and dirplay. 

The 

With the  synchroaoue satel l i te  
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a l t i t u d e  and the  approximate two mile resolut ion a t  the 
point ,  there  i s  good indicat ion t h a t  even higher resolut ion is obtainable. 
A higher spin rate, with a change in the  raster l i n e  ra tchet ing could give 
more l i n e s  of data  so t h a t  the number of l i nes  could approximate the 
number of i n fomat ion  elements per l ine ,  This would give a square picture  
with approximately the same resolut ion in the  north/south d i rec t ion  as i s  
present in the  east/west d i rec t ion  i n  the satell i te pictures.  Some of 
t h e  diagnort ic  work mentioned in other  sect ions of t h i s  report  support 
the  need f o r ,  and the  p r a c t i c a l i t y  o f ,  higher resolution data from t h i s  
sensor. 
permitted meaningful tests on which d i f f e ren t  information can be emphaoized 
by a va r i e ty  of treatments. In t h i s  category, enhancement t o  show t e r r a in ,  
thunderstorm c e l l s ,  and c i r r u s  plumes can be real ized w l t h  a va r i e ty  of 
d i g i t a l  techniques. 

subsa te l l i t e  

The proven dynamic range and the  d ig i t i z ing  t o  a 256 count have 

Suggestions f o r  future  experiments: The following suggestions a r e  
given with the  thought t h a t  some of them map represent changes already made 
o r  planned f o r  fu ture  ATS s a t e l l i t e s ,  

A. Spacecraft 

1. Some change of hardware may be required t o  minimize problems of 
momentum balance which appear t o  impart a nutation t o  the s a t e l l i t e .  
In the etadies of horizon detect ion i n  Section 4, the center  
l ine of pic tures  appears t o  follow a complex curve from the top 
t o  the bottom data line. This may w e l l  be from the use of a 
feedback c i r c u i t  i n  the present analogue sun pulse c i r c u i t r y  
or  from the mechanical notation mentioned above, 

2. Some more accurate method of obtaining l ine- to- l ine synchronization 
needs t o  be worked out. This might be f ran  horizon oensors or 
t h e  stepping of l i nes  from a n  i n e r t i a l  coordinate base, 
fu ture  ATS satell i tes it  is highly desirable  tha t  s t a r  mappers 
be included t o  supply data f o r  a t t i t ude  determination, 
c-ld make possible the  determination of a t t i t u d e  as of ten as 
once a minute with accuracy superior t o  that from the horizon 
images f roa  a smaller volume of data. With a t t i t u d e  known as 
a function of time before the p ic ture  data i s  processed, undiatorted 
horizon sample numbers could be computed f o r  pictures  with only 
one horizon illuminated, and the difference between computed and 
observed horizon posi t ions could be used f o r  d i f f e r e n t i a l  line-by- 
l i n e  sh i f t i ng  t o  pruvi.de b e t t e r  picture  coherence. This i n  tu rn  
should make possible  grea te r  accuracy i n  gridding pictures  and 
mapping brightness d is t r ibu t ion .  

For 

This 

B. Digit iz ing Ground F a c i l i t y  

1. Digi ta l  tape must be carefu l ly  formatted and wr i t ten  EO t ha t  i t  
may be processed thru as wide a va r i e ty  of computers as possible. 
Numerous problems have a r i s en  with the combination of computer, 
magnetic tape,  and ground s t a t ion  resources employed in the 
present experiment. 
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c. 

2. Noire suppfersion and diagnostic correction procedures should 
be done a t  the data acquisit ion site. 
include a continuous study of the d i g i t a l  range of the recorded 
data. A regular check should be made on the frequency 
d is t r ibu t ion  of the d i g i t a l  data. Such a f a c i l i t y  suggests the 
use of a -11 computer i n  the in i t ia l  tape writing and 
certification procedures, 

This correction could 

3. Picture d i a i t i r i w  facil i t ies should be augmented and upgraded 
t o  provide complete recording of each frame 8nd thus obviate the 
need for the current procedure of d ig i t a l ly  recording every 
other frame 

Data C n d c a t i o n  and P r o c e r s i q  

The increasing d.t&'voL=e and prolifer8tion of iensors indicates 
a need f o r  a highly rpacialised,dedicatcd campoter fac i l i ty .  

S a w  t ranrs i r r ion  f a c i l i t y  such as 8 r i d e  band l ink or satellite relay 
w i l l  be needed t o  get p ic tor ia l  o r  descriptor infornution from the computer 
f a c i l i t y  t o  the wers. 

D.. Dimplay Needs 

' 5 m  increase of data rolane and the increased dynamic range of the  
8ensor uL48 -e acute the need for  hprovemente in t he  display f ac i l i t i e s .  
A dimplay matrix of a t  leaat 8000 by 8000 w f l l  a o a ~  be required. 
prerent -c display ra*e is  l-ted to between twelve 8nd f i f t een  steps 
and tu8 mhciuld be incre8red. (kse method which the d e r  of discernable 
dudes  could be augmented is by the  ume of color tonen, where varioue 
dexuity atepa could be tired in one color and then repeated i n  me or  more 
other color8. 

The 

Ab 8 18Wer Utth $.8 8tt.i-d fo r  dirplay i t  became8 ObviOU8 
that an increase of Input-output rate f raa  the computer t o  the  display 
device i s  required. 
m y  be stop g8p measures but 8001~ there lust be a syrrtem which does not w e  
magnetic tape 81 .'buffer to the display. 
cie8 8nd rill pcrnit Ugh volume dirplays t o  be produced in a shorter t i m e .  
I f  the magnetic tape can be eliminated f r a  t h i s  procers,tbe output rate 
can m o r e  closely apprach  the potrrntial of a modern d i g i t a l  computer. 

Ugher  d e n d t y  mgnetic taper and higher tape speed8 

Thir w i l l  e f fec t  several efficien- 
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APPENDIX 1 

Format of NESC Generated Input Data Tape 

The r a w  data d i g i t a l  tapes, produced a t  the ground s t a t ions  were 
A l l  tapes were logged i n  and received a t  NESC i n  irregular in te rva ls .  

se lec t ion  of those t o  be copied was made t o  provide inputs  f o r  the various 
experiments being conducted a t  NESC. 
l imi ta t ions ,  the tapes cannot be read on the  standard higher speed CDC 607 
tape drives.  The tapes  a r e  therefore read on a slower speed tape uni t ,  
t he  CbC 604, which i s  avai lable  t o  the caaputer system via a remote cable. 
A spec ia l  software routine i s  required t o  read the tapes with t h e i r  high 
densi ty  and "long" record lengths. 
the abore rout ine,  reads the tape, removes certain non-information b i t s  or 
ind ica tes  t h e i r  absence, reformats the documentat3.ons, crops off a fixed 
a r b i t r a r y  number on "apace" samples from the extremities of each l i n e  and 
writes 8 log ica l  record consis t ing of two 512-(60-bit) word physical records 
a t  800 bpi f o r  each l i n e  (record) on input. 
i s  given below. 

Because of CDC 6600 computer 

The copy-andeedit (CE) program, using 

The format of the output tape 
The end of the image i s  indicated by an end of f i le .  

Word 1 - OPPPPPPPPPPPFFE'FFFFFFFFOOODSMOOOGGGLLLLLLLLLLLLLLLLLLLLLLLL 

Words 3 t o  1024 - Packed 8-bit  data samples. 

P - Phase-locked loop e r r o r  (Binary) 
F - Frame I D  (ED) 
D - Scan direct ion(S t o  N "l", N t o  S "0'')  
M - Scan mode (Normal "l", back t o  back trO'l) 
S - S a t e l l i t e  gain (High "l", Normal ' qO ' ' )  
G - Ground gain (BCD) 
L - Line count (BCD) 
T - Time, GMT time, days, hours, minutes, seconds (ED) 

Those indicated t o  be BCD are not normal BCD i n  t h a t  zero ( 0 )  is 00 instead 
of 12. 
and were uvercome. The average cen t r a l  processing (CP) t i m e  i s  2.6 
minutes per tape. 
processed which i s  another diagnostic tool.  
data  tapes has var ied and considerable e f f o r t  has been expended i n  evaluating 
tape qua l i ty ,  optimizing both the special  input routine and tape handling 
procedures on the 6600, and checking the ground s t a t i o n  d i g i t a l  equipment. 
Hopefully the problems encountered show the  areas where improvements a r e  
needed i n  fu ture  experiments and i n  eventual operational systems. 

This program has undergone several  revis ions a s  problems came up 

The program produces a core dump of the last  two records 
Success i n  reading the r a w  
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APPENDIX 2 

United Aircraf t  Facrimile Encoder 

The encoder is an e lec t ronic  converter which reads information from 
a d i g i t a l  magnetic tape and changer the  information t o  e l e c t r i c a l  signals. 
These rignru,ls are fed t o  a standard weather facsimile recorder which displays 
in rtapia on a spec ia l ly  t rea ted  moirtened paper ro l l .  
operated a t  speeds of 1-20, 480, or  960 l i n e s  per minute and MY be used in 
e i t h e r  a "black and white" mode or in  a gray scale mode where there  is a 
choies of gray shades, 
tape wr i t t en  a t  556 bpi density. 

The encoder can be 

Information f o r  dirplay i a  read from a magnetic 
A Model 603 tape dr ive is employed. 

The encoder has a 2048-byte memory but a l i n e  of data i n  e i t h e r  black 

The length of a display in terms of 

Hore than 14 f e e t  of imagery can 

and white (s ingle-bi t ) ,  o r  in the  gray rcale mode (3 b i t )  mode is limited 
t o  1710 bytes per facsimile scan l ine.  
o w n  l i n e r  (at 96 lines per inch) is l imited t o  the volume of data which 
can be r tored on a s ingle  magnetic tape. 
thar  be displayed 88 a uni t  i n  case8 where the black and white mode is used. 

Each l i n e  of output thru  the  encoder is f run a separate tape record 
and an end of f i l e  stop; the  device, which starts up on another output frame 
unless a second tape end of f i l e  i r  formd i n  which case the device is rhut 
off 

The resolut ion of the device, in e i t h e r  rode is 96 byter per inch and 
alro 96 liner per inch f o r  a s q u r e  p ic ture  e larant .  
t he  d i rp lay  i o  from a h e l i c a l  b u d -  wire the  dewice has same smearing 
.Song a line. 
rure that 'the di rp lay  paper is uniformly n o i r t  or pi.cture charac te r i s i tcs  
w i l l  be below standards. 

Due t o  tho f a c t  t h a t  

Some care must be taken in the  use of the  Fax Encoder t o  be 

Thio encoder is alro used f o r  data t r m d s r i o n  over a normal f a c r i r i l e  
qua l i t y  line. 
minute. 

When orad for tranrpferion it i r  operated a t  120 l i nes  per 

Link  Mvlrion Weather Satellite D i g i t a l  and Aruloguo Msplaz 

This di rp lay  device operater e i t h e r  from a d i rec t  analogue s ignal  
rource or f r a n  ccmputer produced d i g i t a l  information. 
t i o n  1s fed from a CDC 603 tape dr ive  with the  data recorded a t  556 bpi. 

The d i g i t a l  i n fo rm-  

There are three  main modes in which t h i r  cathode ray tube display 
device is ured: 

A.rurlogue data dieplay 
Dig i t a l  d.ta dS8pla7 
Ap.logos and d i g i t a l  da ta  d i r p l a p d  011 the  upbe film. 
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When used as a d i g i t a l  display device the CRT caa be addressed as a 

1024 by 1024 matrix or  a l t e rna te ly  as a 2048 by 2048 m8trix. 
the d i g i t a l  mode i s  made by a console switch. 
i n  four b i t  bytes or s i x  b i t  byter. 
programmer control.  

Choice of 
Digi ta l  data  m y  be input 

Choice of t h e  byte s i z e  i s  under 

The CRT p lo t  shows on a 1.38 by 1.38 inch square which i s  recorded O* 
35-pmn f i lms a s  a 0.92 by 0.92 inch square area. 
can be made with or  wi thou t  35-rrm f i lm 011 any ptcture.  

Optional Polaroid p r i n t s  

The l ink  device can be used t o  draw so l id ,  dashed, or  broken l i nes  
in various l i ne  weights or  i t  may be used t o  produce a d i g i t a l  p ic ture  by 
input of data a l i ne  a t  a t i m e .  
scanner where the input data modulate8 t h e  i n t ens i ty  of l i g h t  of t h e  f ly ing  
spot. 

The device works with a f ly ing  spot 

A character set is avai lable  so that alphanumerdc characters  m y  be 
displayed e i t h e r  with analogue OY with d i g i t a l  data  infomution.  
characters which include sane special  meteorological symbols can be outpot 
i n  a number of s i zes  and weights under program control. 

These 

APPENDIX 3 

Horiron Data Input f o r  Atti tude DeterPinatian: 
Output Tape Fornut 

Computer Search Logic 8nd 

Input t o  the horizon rearch program ATSRD was on high densi ty  (800 
bpi tapes), one per picture ,  with data reformatted and t h e  number of 
samples per l i ne  reduced t o  7165 by cropping 256 samples ( n o ~ l l y  apace 
view) from each end. 
described above. 
horizon detection was adequate. I n i t i a l l y ,  search wa8 s t a r t ed  at the  
extremit ies  of each l i n e  of data 
t h e  center  u n t i l  2 successive samples with brightness value grea te r  than 1 
were encountered. 
viewed samples. 
and work outward u n t i l  two successive samples wfth less than 6 were found. 
This higher threshold proved sa t i s f ac to ry  f o r  a f u l l y  illuminated earth 
disk,  with l i t t l e  loss of accuracy because of the  rapid drop off  Of bright- 
ness a t  the earth-space interface.  However, s t i l l  fur ther  revis ion was 
necessary for ear ly  morning o r  late e f t e rnom pictures  i n  which only a -11 
crescent of ear th  i s  illuminated near the  sunlit horizon. The f i n a l  
procedure involves a start a t  the center of the  p ic ture  and search outward 
u n t i l  4 successive samples wi th  brightness greeter than 5 are reached. A t  
t h i s  point a f l a g i s  set and the search continued u n t i l  4 successive sampler 
of brightness less than 6 are found. At t h i s  point the current sample 
amber  (adjusted fur the successive space samples used) was stored i n  the 
out& buffer  and search proceeded t o  the next l ine .  
horizon point was  foand before the end of the l i n e ,  pre-stored zeros were 
l e f t  unchanged i n  the output buffer. 

These tapes were p r d d e d  by the copy-and-edit prOgraPl 
Several revis ions of the search logic  were required before 

outside the  horioron and proceded tcrward 

This proved inef fec t ive  because of noise i n  the  space 
The logic MI then changed t o  start  f roo  near the  center  

In the  event t h a t  no 
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The output tape contains one f i l e  of two recordr. The f i r s t  record 

contaiar 10 words: day of year coant, picture start t h e  hours, minutes, 
and seconds, and a count of the ntrmber of lines processed for  t h i s  
picture. 
foraut for possible future use,] 

(The last f ive words are d\mrqg words t o  reserve space in the 

The second record conDirts of 2017 x 8 word8 giving for  each line 
procersed: (1) the line 8eqmnca in the proctrslng pr0gr.n (not necerrarlly 
the pori t ioa in  the picture),  (2) the l e f t  horizon sample nuaber, (3) the 
r igh t  horizon runple number. Words (4) and (5) are teros t o  rereme apace 
for  adjusted horizon sample nmnberr corrected for  the d r i f t  of the mid- 
horizon position from l ine  t o  l ine,  i f  such correction becarer fearible. 
The remaining words are obtained from the documentation fo r  mch l ine  of 
the d i g i t a l  tape received fram the  ground atation:(6) time (minutes), 
(7) tire (seconds), ( 8 )  the aequence number of the l i ne  in the picture. 

APPENDIX 4 

Input Information for  Attitude Determination Program. 

The f o l l o r i q  infonvt ion  is input t o  the a t t i t ude  de te rdoat ion  
program on punched cards: 

(8 )  Picture idant i f icat ion for printout. 
(b) Satell i te number, ground rtatloa idant i f te r ,  p888 mnber, picture 

mode (tapad or direct) ,  and camera number, a l l  t o  be punched on 
cardr by the caaputer for  input t o  the LINK (CRT) gridding program. 

optional dia$nostic printout. 

correrponding O r b i t 8 1  elements ( f ight  arcenaion of arcending node, 
rate of change of arcanding node r igh t  ascenrlon in degree8 per 
day, iuclixutioa,  period) and G r e e d c h  Rous Angle of Arier at 
epoch t i m e .  

(c) Logical ua i t  umber fo r  input tape and codes t o  select  desired 

(a) lrpoch date/time (year, month, day, hour, minute, recond GCT) and 

(e) The d e r  of picture8 t o  be procerred. 
( f )  The Mximun ntrPber of r8npler per line 8nd liner per piCtUre, and 

the line and sample ntaber for t he  r idear th  porit ion of the 
talercope d e n  i t  is normal t o  the rpin uir .  

( 8 )  m l a r  changes i n  telescope position f raa  one l ine t o  the next 
(radi8ns per l ine) and frop one sample t o  the next along a line 
(radian8 per sample). 

telescope from i t s  rid-position correrpoadiag t o  the end ampler  
of a line (rotation about the spin axir) 8nd t o  the top 8nd b o t t a  
l ines  (dlrpl8cement from the spin axis perpandicular). (There 
angles are ured with the luipul l i ne  and -le numberr t o  
generate the angrrlar changa per spot and l ine when the i n f o r u t i o n  
f i e lds  l i r t e d  under ((2) above are l e f t  blank.) 

(h) Field of View angles - maxlapr angular dirplacerent of the 

145 627 
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(i) Constant coef f ic ien ts  e l ,  82 f o r  the l i nea r  equation used t o  

approximate the s h i f t  i n  midearth sample number across the  

where IMm - cen t r a l  sample number of data for l i ne  (3833) 

J = l i n e  number of point on p ic ture  horizon 

JO = l ine nuuber f o r  which telescope i a  normal t o  spin ax is  

(1) Option codes t o  select alternate computational methods or outputs. 
(k) For each picture:  date  (year, month, day), s tart  t i m e  (GCT: hours, 

minutes, Seconds), subsa te l l i t e  point l a t i t ude  and longitude, 
height of the s a t e l l i t e ,  l i n e  and sample numbers fo r  the mid- 
posi t ion of the telescope, and number of l ines  fo r  t h i r  picture.  
Because of time constraints* in real t i m e  processing of the data 
a t  the ground s t a t i o n  the number of l ines  per p ic ture  varied 
g rea t ly  and almost always was  less than the n d n a l  2000 l ines ,  
sometimer less than 1200. Rather than change the l i n e  sequence 
numbers (Input with the horizon rrample numbers) t o  correspond t o  
t h e i r  posi t ion i n  a complete picture ,  separate line/epot numbers 
w e r e  input fo r  each ( p a r t i a l )  p ic ture  t o  designate the mld-point 
of the complete picture.  

APPENDIX 5 

Procudure f o r  Computing the  Angular Increment Between Successive Samples 
On A Line, From A Picture  With Two Horizons 

1. Convert the s a t e l l i t e  locat ion t o  geocentric ca5tesian coordinates 
with X a x i s  in the  vernal equinox, Y axis a t  90 r i g h t  ascension 
and Z axiu along the north polar ax i s  of the ear th ,  (Xr ,  Ye, 2s). 

2. Compute 9 elelaents of the or ien ta t ion  matrix re la t ing  t h e  camera 
axes t o  the axes of the coordinate system i n  s tep  1. 

Camera X axis: horirontal ,  perpendicular t o  spin axis, posi t ive 
t o  r i g h t  (east). 

* Additional tape dr ives  a r e  required 80 t h a t  one can be on standby t o  
await the  arrival of the  next p ic ture  while the tape for  the current 
p ic ture  i s  being rewound and unloaded. 
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Camera Y ad#: parallel t o  rpin udr, porit ive toward northern 
herirphere . 
Canera 2 axir:  t o  make r igh t  handad ortholoxu1 system. 

The orientation r r t r l x  can be generated by 4 rotationrr which 
take the camera axer i n t o  the ce l e s t i a l  coordinate system of 
r tep  1. 

(1) Clockwlre aborrt camera X axir by the picture tilt t o  bring 

(2) Ccmnter clockwire about the new 2 axir by the principal plane 

(3) ClocMre about the 

the Y axir t o  horlront.1. 

azimuth t o  bring the Y axir (spin-axis) i n t o  north. 

l a t i tude  t o  bring the Y u i r  i n t o  the equatorial plane wi th  
r igh t  arcenaim equal t o  that of t he  r a t e l l i t e  plus 180 degreer. 

plor the r igh t  a rcenr im of the mtel l i te  t o  bring the Y axis 
t o  90 degree6 r igh t  arcanrian and the X aadr i n t o  the ramal 
eqdnm.  

X axir (east) by the ratellita co- 

(4) Clockwire about the new 2 axla (north polar) by 90 degreer 

3. For each picture  line cantalning both horlxona, c q t e  the mid- 
ear th  -le number, and the d e r  of urpler  f ran mid-earth 
t o  the r igh t  horirm ( A I). 

4. C a p u t e  c m r a  coordinate angler fo r  the p e r r p ~ c t i v e  ray t o  the 
r igh t  horizon point. 

*.00004261 

Je i r  the line amber of the picture canter and J of the horixm 
point. Bo e .&eratian. 

i r  an initial apprariutiocl fo r  B , t o  be Improved 

5, C-te camera coordinate ap tam directlox corher  far the 
perspective ray t o  the horitcm point. 

A' cos oc 
rn = sin 

sin 9 
3 =901 (on f i r r t  i t e r a t ion  
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6. 

7. 

8. 

Multiply the direction cosines f r m  r tep  5 by the o r i o ~ t a t i o n  
matrix f r aa  s tep 2 t o  obtain the direct ion cosines of the per- 
spective ray t o  the horizon point i n  the celestial coordinate 
system of step 1. (L, M, N) 

Form the  coeff ic ients  of the quadratic equation fo r  the s lan t  
range along the horizon point perspective ray from the satel l i te  
t o  i t s  intersect ion with the ear th  by substi tuting 

for  X = LS + X, 
Y - MS + Y, 

Z = NS f Zs 

i n t o  the eqtmtiorr for the ear th  e l l ip ro id :  

where: L, M, N are the direction corilrcsr from r tep  6, 
Xs, Ys, Zr are the Htell i te coordiuater frcm r t ep  1, 
X, Y, Z are the coordinate8 of the point of iqter8ection 
of the perspective ray with the e l l ip ro id ,  
S is the elant  range, ratell i te t o  ear th  interrect ion,  
a is the equatorial radiu8 of the earth, 
e is the eccentr ic i ty  of the meridional ellipcre. 

The result ing equation is: 
A S 2 + B S + C = 0  

where : A =  I- e2(La+M7 

where Rs is the geocentric radius t o  the s a t e l l i t e .  

Test the sign of the quantity (B2 - 4AC) in t he  radical  for  the 
standard solution t o  the  equation in step 7. 
are  two solutions and the ray in te rsec ts  the earth. 
there is no solution and the ray misses the earth.)' 

( I f  posit ive there 
I f  negative 

a )  For a posit ive value set a f lag  t o  indicate intersect ion,  increare 
3 by A 3  ( i n i t i a l l y  the angular increment i s  s e t  a s  a 

convenient value, e.g. 0.02 radians), and return t o  step 4. 
the radical becomes negative, set a f l ag  t o  indicate no in te r -  
section and decrease 9 by Aa/z . Once both f lags  are set 

When 
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9 .  

10. 

11 . 

12. 

the  adjurbnent AB is halved a t  each t r ia l  and i r  added 
following a por l t iva  value of F - 4 A C  and subtracted following 
a negative value ofg?c- 4AC . I t e r a t i o n  is rtopped when AB is less than ram a r b i t r a r y  value, e.g. 0.000001 radian. 

2 b) For a negative value of p -4AC cm the f i r r t  i t e r a t ion ,  B' i r  
decreared by A B  u n t i l  earth in te rsec t ion  i o  indicated and 
theroaf ter  a d j u r t m n t  o f 3  i r  a8 under a) above, 

For each l i n e  can t e  the aagrrlar increment between urpler from 
9 /A I  where 18 t he  f i n a l  value determined i n  r t ep  8 and 
AS 
computed i n  r t ep  3. 

i r  the number of 8.nples f r a  addearth t o  the horison point ,  

Average the valueo fo r  each l i n e  t o  f ind a mean value and rtandard 
dariati.oa. 

Subtract the  mean value f r a  that f o r  each line t o  form r e r i b l a .  
p j e c t  valuer with residuala la rger  than three timer the rtandard 
deviation, 

Recamput8 the mean value and rknda rd  devht ion .  

APPENDIX 6 

Canmatation of Image Nadir Point Sup 1. and Line rSlrberr 

The -le and l i n e  number of the  p ic ture  nadir  points -re c a p a t a d  
solution to the observational equation set: 
.P, + rin O C ~  tyn - cor O C ~  c o r j ~  n, - cor ~i D] 
are d i rec t ion  corineo of the peropective ray  t o  the 
nadir  point ( t o  be rolved for). 

are coordiuata angler f a r  perrpective rap t o  horison 
imager a8 previourly defined, 

The functionr o f d i  a n d B t  
mmberr are d i rec t ion  coriner of the perspective ray8 t o  the horison p o h t ~ .  

formin# the  c a f f i c i e n t r  of the l e f t  hand 

The nadir rpo t / l ine  coordinater were then computed from: 

I~ - I, + arc tan  (aN/ 
JM - Jo - a r c k n  (m N/\la: +n: 

/ 0.00005261 

) /0.000131 



- 56 - 
where Io, Jo are the sample number and line assigned to the picture center. 
(Different choice of picture center coordinates Io, Jo would result in 
different values for oC and J , for the coefficients in equation c33 
and for the direction cosines 4~ 3 "rrz~ 7 and IJ .J The resulting 
differences in the arc tangents would offset the changes in Io, Jo and the 
values obtained for I d  , J, would stay unchanged. In other words, the 
position of the nadir pdmt (where the center of the earth diuk is imaged) 
is fixed relative to the sunplelline coordinate system used for the picture 
data. 

APPENDIX 7 

Iterative Procedure for Finding Picture Center From Horizon Sample/Line 
Numbers 

The residuals formed in the least-squares solution of system h] , 
q t  E cos oci c o s ~ i  COS - s i n  OC; s h  f - COS et 

are implicitelp dependent 00. the values u8ed for Io, Jo 

d t =  (Jo 0 Pi ) * O.OOO131 
B; =Wi 0 Io) * 0~00004261 

$ =(JN - Jo ) * 0.000131 
where J 
perfect data, the residuals qr; would all be zero. 

i e  the line number of the ivge nadir point. In the case of ideal 

F - cos& L cos 9; cos fl - sin Oci sine - con 8 5 0 

exprersing F by the linear terms of the Taylor series and dropping subscripts 

provides a set of linear equations which may be solved for adjustments 
( A I,, A J,) to the picture center. 
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d F 

d F 

- - c o r a r i n J  cor 0 

- - c o r e  cor 
dB ' 

w- rin 0 - rinoC COB 0 9 

& = O  
tJ Je 

With oubrtitutiar of the a b a a  partial dadvatire8 the etpt ionr reduce 
t o  the form 

Fo - The ret of reridtmlr from the initi.1 rolution for rin 0 and 
COI 0 

H e w  valuer for the pictors canter c inater are formed aring the 
l-rt-rqruras soiution of the equation ssf 7 4 3  

Jo = Jo +AJ, 
There valuer are then wed t o  find new valuer f o r c 4 , p  and the 

8 0 l U t % 0 1 %  for ria 0 , cor fi ir repeated farrilrg a new ret of teridualr. 
only the linear term8 of the Taylarr rarier are ured, iteration Burt be 
continued unti l  the errox from naqlectlng the higher order tern6 becomer 

Since 

Lnri$n&f %cant , 



APPENDXX 8 

Image Geometry of Conventional and Spin Scan Cameras 

The procedure used in the gridding program t o  compute image coordinate8 
for rays from ground points a t  selected l a t i t de r  and longituder i s  dercribed 
elsewhere (Frankel, 1962). There are  4 basic steps i n  the procedure. 

1. 

2. 

3. 

4. 

Azimuth and n a d i r  angles a t  the sa t e l l i t e  are caolputed for an 
incident ray from the latitude/longitude of the point and the 
latitude, longitude, and height of the sa te l l i t e ,  

Coordhater (tan A& , tan AJ ) are  computed in a positive image 
plane a t  unit distance from the perspective center, making use of 
the azimuth and nadir angles of the optical axis of the camera. 
A a ,AB are orthogrmal direction angles mearured f r a  the 
optical axis A &  in the principal plane, positive t o n r d  the 
horizon. 

Rectangular image coordinate8 f o r  unit focal length are  cmputed 
as  follows: 

A% = tan cos ( 8  - s 
& % =  tan LC sin ( 8  - 8) 

where A%,& 

the picture formrt, positive t o  the right, 

are  image plane displaceeutntr from the principal 
point, a d  t Q e;X. axis i s  parallel  t o  the top and bottom edges of 

tan rAc= J tan2 A at + tan2 A9 
t a n 8  = 

and & is the clockwise rotation in the image plane from the 
positive 

I f  symmetrical radial distortion i a  t o  be applied 
are modified to: 

tan A d /  tan A 9 
- axis t o  the upper end of the principal line. 8 

the coordinates 

AX'= tan 0 cos ( 8  - S I  
ha'- tan 0 sin ( ) 5  - 

where tan 0 = tan 
constants determined i n  a prelaunch distortion calibration program 
(Doolittle, 1963) , 

(1 - -kc K- &k*) whereAI and A a a r e  
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These coordinates (which have been computed for un i t  focal length and 

origin a t  the picture center) require fur ther  modification when the gr id  
points are t o  be merged with a d i g i t a l  dirplay whose coordinates are 
exprersed in terms of l ine  ntmber J and sample nunber 1. 

J Jpp - C .A&). ' 
where Ip 
the foca! length of the camera in "raster units" (Ipp , Jpp, and C are cagrrted 
i n  the prelaunch d i r tor t ion  cal ibrat ion from target  control polntr whore 
l u g .  coordinates are input a8 l i ne  and rpot nmberr). 

, Jpp are  rpot and l ine  coordinates of the picture center and C i r  

For gridding the ATS1 picturer,  the rtandard program l e c  war w a d  t o  

The input aximuth and nadir  angles for  the opt ical  a d r ,  required in 
caPpute the uni t  focal length image coordiruter A% ,A3 
abuve. 
r tep  2, were computed i n  the a t t i t ude  detenalrution program. 
vector war rerolved In to  north, eas t ,  and up canponentr, and u i r a t h  and 
inatantansour r o l l  angler were caprrted from them. 
angle was ret equal t o  the magnitude of the rpin u i r  ro l l .  
r o l l  aagler the azimuth of the principal plane tmr that of the  vertical p l a n  
containing the rpin 8x18, and the d n g  angle 
For ne 
by 180 and & war made 180°. 

ao in r tep  3 

The opin d o  

The optical  u i r  nadir 

s I' in otep 3 -8 u d e  OO. 
tive spin ax le  r o l l  angler, the principal plane a r h t h  war changed 

For por l t i r e  

er 
An alternate logic loop -0 inoerted i n  the subroutine uhich coruortr 

For the Image coordlnatso t o  sumple/llne numberr in the d ig i t i red  picture. 

be regarded 81 direction mabere of a perrpective ray of length 
comentional camera, the unit focal length coordlnater A %, A y ,  -1-w 

& A X 2  +At.). = The c0rrer)ondiug directlam coolnnr 
are For perrpectire ray in a 

- coo U c o r  
u i r  no-1, and 3 i o  the .pin dlrplacsrant f raa  the mld-earth paoLtlon. 

2 cor 4 , A #cos , and - cor & . 
rpln .can picture the direct ion cosine8 are cor d. .in 

where oL I8 the a n t  angler of the te 
, r i n d ,  a d  

froo the .pia 

By equating correrponding direction corine8. 

- A ? c o o p  

Finally, the d i g i t a l  coordinate8 are computed 80 

I - Io +p /.OOOO426l 

J Jo - OC /.000131 

where Io , Jo are the u r p l e / l i n e  number0 of the picture center. 
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I f ,  i n  future  experiments, the s h i f t  i n  mid-earth spot number can be 

determined as a function of l i n e  number, i t  could be incorporated as a 
d i s t o r t i o n  term i n  the  expression f o r  I. 
t o  apply the s h i f t  a8 a correct ion t o  the sample numbers assigned t o  the 
brightness values on each line. 

However, i t  would be preferable 
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