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National Environmental S a t e l l i t e  Technical Memoranda 

The National Ewiromuental Satell i te Center i r  r e rponr ib l a  f o r  t he  eo tab l i rh -  
ment and operation of t he  National Operational Meteorological S a t e l l i t e  
System and tho environmental ra te l l i te  ryrtemr of t h e  Environmental Science 
Services Adminirtration. The t h r e e  p r inc ipa l  o f f i c e s  of NESC are Operations, 
System Engineering, and Research. The NESC Technical Hemorandm a e r i e r  is 
used by these  o f f i c e s  t o  f a c i l i t a t e  e a r l y  d i s t r i b u t i o n  of genera l  information 
of i n t e r e o t  to other  ESSA organizationo. 
t h i r  a e r i e r  w i l l  not preclude later publ ica t ion  i n  a modified form i n  rci-  
e n t i f i c  j o u r n a h ,  etc. 
i t  as a n  HBSC Technical Memorandum. 

Publ ica t ion  of ruch infoxmation i n  

References t o  paper in thir series rhould i d e n t i f y  

The NESC Technical Memoranda are a v a i l a b l e  through t h e  Clearinghouse f o r  
Federal S c i e n t i f i c  and T o c h n l c ~ l  Infornution, U. 9. Department of Cannterce, 
sills Building, P o r t  Royal R a d ,  Spr ingf ie ld ,  Vi rg in ia ,  22151. Cost per 
i t e m  is uniform: $3.00 f o r  hard copy, Q.65 f o r  microfiche. 
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COMPUTER PROCESSING OF SATELLITE 
CLOUD PICTURES 

C. L. Bris tor  

ABSTRACT 

The canputer processing of satel l i te  cloud pictures  on a da i ly  
operational basis  i s  described. 
process i s  given with the a id  of several  logic  diagrams. 

A generalized flow of the hardware/software 

I. INTRODUCTION 

Preliminary e f f o r t s  toward the  cent ra l  processing of meteorological 
ratell i te data began i n  late 1958 near the beginning of the  space age. 
e f f o r t s  ( i n  pa ra l l e l  with s imilar  e f f o r t s  a t  the data acquis i t ion stations) 
were concerned mainly with the production of la t i tude/ longi tude ear th  
locator  gr ids  which w e r e  produced t o  f i t  the  perspective of the  individual 
vidicon camera images. As multi-channel infrared radianeters  were included 
i n  the ea r ly  TIROS series, program were produced f o r  the  archiving (on 
canputer magnetic tape) of properly ear th  located sensor data. 
advent of the Nimbus satel l i te  series, major computer resources were made 
avai lable  f o r  the operational processing of p ic tures  from i t s  advanced 
vidicon camera system (AVCS) and fo r  the processing of other scarrntng 
radianeter  data (1, 2, 3,  4). 
operational during the  br ie f  l i fespan of Nimbus I. 
t o  the  TIROS Operational S a t e l l i t e  (TOS) System resul ted i n  a reconfiguration of 
specialized electronic equipment i n  order t o  process data f r an  the  new (wheel 
configuratian) apececraft, A plan dercribing the projected operation (5) 
was act ivated with the  launch of ESSA 1- the  f i r s t  spacecraft  i n  the new 
TOS serieo, 
a da l ly  rout ine (6). 
improved, and, f r w  this ~ource, a subs tan t ia l  beginning has bean made 
toward a hierarchy of derived products. 

Ea r ly  

With the 

Unfortunately t h i s  f a c i l i t y  was  never f u l l y  
The subsequent s h i f t  

By Octobor of 1966 the  global mapping of video data had became 
Since t h a t  t i m e ,  basic mapped video products have 

Thie memorandum is  intended as a br ie f  descr lpt loa of the f a c i l i t y  
i n  tenns of the  log ica l  s teps  i n  the data processing procedure as it  i s  
const i tuted i n  April 1968. 
been avoided f o r  the sake of brevity. Since the  processing of p ic ture  
data i s  the primary g a l ,  the e n t i r e  operation has been described Kith t h i s  
as the  cent ra l  theme. Certain logic charts  have been included i n  support 
of the  discussion, Sample products have not been included s ince these are 
b e c d n g  carmonplace through facsimile d i s t r l b u t i m s  and as i l l u s t r a t i o n s  
in a growing l is t  of published papers i n  the  meteorological literatureo 

Certain d e t a i l  and technical spec i f ica t ion  has 
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11. COMMAND AND DATA ACQUISITION 

Responsibility for command and maintenance of the satellites in 
proper mission mode rests with the Satellite Operations Branch at Suitland. 
Instructions are transmitted to the ESSA Comnand and Data Acquisition (CDA) 
stations at Wallops Island, Virginia~and near Fairbanks, Alaska. Since 
the satellite has been injected into a sun synchronous orbit (same local 
sun time at each equator crossing), the planning of picture taking under 
proper illmination ir a straightforward process. 
of the 12-picture sequence for an orbital pass has been decided upon, 
cormaands are made up t o  activate the satellite, 
logic starts the picture taking sequence by counting down a specified 
number of spia counts. 
scan reeponae is stored 011 the satellite's video tape recorder, 

Once the positioning 

The satellite's programmer 

As the camera shutter is activated, the vidicon 

Once the pictures are stored (in intermittent 8-second bursts), a 
readout carrnand delivers a 12-frame sequence to the CDA station's analog 
tape recorder in about 1# minutes. 
are next relayed to Suitland via microwave (48Kc Telpack B) communications 
facilities. 
bandwidth than the direct satellite-to-ground CDA links, the relayed video 
is transmitted on an eight-to-one alow down basis. 

Pictures recorded at the CDA stations 

Since the microwave facility is eubstantially narrower in 

111. INPUT DATA PROCESSING 

Within NESC there exists a substantial hardware complex for the 
processing of video data, 
support this procesalng. Apart from the raw input signals a considerable 
number of collateral input items are required. 
(pM/Rf)  video signal arrives at the data processing facility, is properly 
discriminated, digitized and made available to an on-line computer (fig. l), 
This raw digital video signal is presented as a aequence of 6-bit brightness 
bytes along with frame start and line start interrupt signals so that the 
800 samples along each of the 800 scan lines can be properly identified 
within the computer. 

Many man-years of software investment also 

The serially received 

During the time in which the picture is being stored on the satellite's 
tape recorder, a 20-bit relative (half second) time count is being recorded 
on another telemetry channel, With knowledge of the real time at which 
this counter was reset, the picture shutter time may be deduced. 
made available to the computer through a time code formatting device. 

This i8 

The raw video ingestion program receives the above two inputs and 
creates a properly formatted raw digital video tape for further processing, 
Output from the time code register cannot be processed until the interframe 
gap, 
vez i f i ca t i cm by the operator (nee below). 

Therefore shutter times are printed on the computer's typewriter for 
Minimum documentation - including 
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o r b i t a l  pass number inser ted  by operator ac t ion  - is  contained on the 
r e su l t i ng  output tape. 

P ic ture  sequences must be planned and the s a t e l l i t e  commanded on the 
basis  of proper i l lumination and other operational constraints,  
satell i te caomand logic  requires r e l a t ing  p ic ture  taking t o  spin revoluticms, 
the spin rate i s  evaluated very precisely. 
so t h a t  spin count passed t o  the s a t e l l i t e  a t  caxuand time, when counted 
down, w i l l  provide pictures  a t  the proper t i m e .  With auxiliary information 
concerning the reset of the 20-bit time counter, the program which computes 
sp in  revolutions may a l s o  convert the  projected shut te r  times i n t o  
equivalent 20-bit time code. By this means, the operator i s  able  to 
ver i fy  tha t  pictures  obtained are, indeed taken a t  the planned times. 

Since 

Calculation i s  then performed 

IV. EARTH LOCATION 

Proper ear th  posit ioning of each p ic ture  requires substant ia l  added 
Although the camera i s  mounted i n  the satell i te information (f igure 2). 

a t  a precisely known angular posit ion,  the exact location of each picture  
element on the image plane requires knowledge of dis tor t ione produced within 
the  camera system. 
information. 
pat terns  provide unique relationohips between image (X,Y) poeitions and 
corrsaponding orthogonal-angle components i n  object space. 
i s  prepared i n  t ab le  form and made avai lable  t o  the canputer. 
d i s to r t ions  arise from the opt ics  and the e lec t ronic  charac te r i s t ics  of 
the  camera oystem. Sh i f t s  i n  d ie tor t ion  charac te r i s t ics  can be checked 
a f t e r  launch by m e a n s  of f iduc ia l  marks which are permanent features of 
the vid iconisage  face. I f  raster s h i f t s  are permanent and s tab le ,  the 
coordinate s h i f t s  can be incorporated as corrections t o  the d is tor t ion  
tables. 

Prelaunch pictures  of test ta rge ts  provide such 
After careful  bore sighting, pictures  of large geanetric 

This information 
These 

With camera m a u n t  f irmly re la ted  t o  the s a t e l l i t e  spin a x i s ,  the next 
s t ep  involves determination of the i n f l i g h t  spin axis or ient ia t ion.  
progrem u t i l i z e r  the output of horizon scanning radiameters fo r  t h i s  
purpose. There inf ra red  sensors scan conically around the spin a x i s  i n  
opposing directions.  
and the program determines the ear th  viewing percent of the spin period 
f o r  each sensor. 
regarding both the r o l l  and yaw components of the satell i te 's  Spin axis. 
Such information can be t i m e  normalized and expressed i n  a var ie ty  of 
forms including r i g h t  aecension and declination. 

Another 

Their (different ia ted)  output i s  sampled d i g i t a l l y  

Repeated measures of t h i s  type provide information 

The remaining a t t i t u d e  canponent (pitch) i s  under control of another 
horiztm detector  which triggers the  camera a t  the proper in s t an t  i n  the 
sp in  period. 
w i l l  obviously y ie ld  zero p i tch  a t  only one Satellite al t i tude.  
p i tch  therefore  must be computed using the satel l i te  a l t i t u d e  a t  the time 
of each picture. 

The mounting angle betwtaen camera and shut te r  trigger tmnsor 
The actual  
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The NASA - determined satellite o rb i t  i s  calculated using tracking 
data col lected f r a a  a worldwide statim network. 
within the  t i m e  span of the tracking data, 
elements are therefore furnished after the  fact. 
i s  a real time operation, o r b i t a l  information re la ted  to the  p ic tures  i s  
produced on a predict ive basis. 
program i s  used f o r  t h i s  purpose. 
package produces subsa te l l i t e  point l a t i t u d e  and longitude together with 
satel l i te  a l t i t u d e ,  a l l  as a function of a specif ied shu t t e r  time. 

An epoch time i s  selected 

Since the video processing 
The derived mean o r b i t a l  

A modified version of a NASA (Nimbus Project)  
With proper o r b i t a l  elements, thir 

Despite the f ac t  that vidicanr  have not beem constructed w i t h  strong 
quant i ta t ive design specif icat ions,  a considerable effort hao been expended 
toward quant i ta t ive use of the p ic ture  data, 3 i g i t a l  sampling of prelaunch 
pictures ,  taken under a va r i e ty  of controlled conditions, reveals a strong 
vlgnet te  e f f ec t  toward the  edges of the  frame, 
attenuation permits comparison of brightness response throughout an image 
and with overlapping port ians  of adjacent images. 
video, there  i s  a l s o  i n t e r e s t  i n  comparing brightness responses over l a rge  
geographical regions where p ic tures  are taken under varying sun angles. 
Programs which apply such corrections do so i n  an approximate sense since 
only the sun / sa t e l l i t e  pos i t ion  t r igonanetr ics  are considered. 
diagnostic software u t i l i z e s  saved response samples from each p ic ture  i n  
order t o  check f o r  in - f l igh t  response changes. 

Correction f o r  such 

In the  case of mapped 

Additional 

The presentation of earth located imagery i s  considerably enhanced by 
the  implanting of coast l ines  and other  important land form features. 
program which provides such information u t i l i z e s  la rge  tab les  which ca r t a in  
la t i tude/ longi tude points  along a l l  such desired line features,  
t ab les  have been prepared from deta i led  navigation charts - t he  re lected 
points having been estimated t o  tenth6 of degrees by eye and entered on 
punched cards,, 

The 

These 

V, PICRlRE G R I D D I X  

Early computer support was  primarily directed toward the autoamtic 

A va r i e ty  of programs have evolved along with a f l ex ib l e  
implanting of ear th  location information within t he  unique perspective of 
each picture. 
hardware capability. 

The synchronous gridding technique i s  an outgrowth of ea r ly  Nimbus 
gridding experiments. 
being received and recorded on analog video tape. 
precalculated on a line-by-line basis ,are  avai lable  t o  t h i s  computer on 
d i g i t a l  tape. A t  the  beginning of each video raster l i n e ,  the cauputer 
counts distance (time) along the l i ne  t o  the appropriate posi t ion fo r  each 
gr id  mark. A t  the appropriate moment, a grid mixing c i r c u i t  i s  triggered 
t o  replace the analog video recording with a fixed grey level analog si.~:nal, 

It involves a computer on l ine  as the p ic ture  data i s  
Grldding s igna ls ,  
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Thresholding logic tests the ambient eignal and feeds e i t h e r  a black or  
a white  burst signal, 
cloud areas and white l ines  appear mer darker cloud-free regions. 

In t h i s  way, dark l i nes  a re  imbedded i n  bright 

A more cornanon method mixes analog video information wi th  precalculated 

This method u t i l i z e s  special  display equipment features  which 
gr ids  without the synchronizing problems ( f l u t t e r  and wow) of the  above 
method, 
permit a l te rna t ion  between analog and d i g i t a l  s ignal  inputs. Lines and 
labe ls  are thereby inser ted a5 double exposure inputs  from the  d i g i t a l  tape 
during picture  interframe gaps. Proper juxtaposit ion i n  this case depends 
upon the s t a b i l i t y  of the electronic  raster positioning i n  the CRT display 
denrice, since the d i g i t a l  signal raster involves c i r cu i t ry  separate frm 
tha t  used i n  the analog raster, 
range i s  also necessary since a l l  gr id  lines must be white and v i s i b l e  i n  
a l l  portions of the image. 

Sane r e s t r i c t i o n  in picture  gray-scale 

A preferred method u t i l i z e s  d ig i t ized  video data and performs the g r i d  
melding within the canputer. 
gridding capabi l i ty  of the f i r s t  method without synchronizing problems 
since f l u t t e r  and wow cmpeneatione are performed during the  video d i g i t h i  
process. Other f l a d b i l i t i e o  are a l s o  prwided suck as the  a b i l i t y  t o  
perform a var ie ty  of non-linear gray-scale enhancements as the  blended 
d i g i t a l  image tape i n  prepared fo r  dieplay, 
prime operation as redundant (backup) hardware becanes aval lable  f o r  a 
guaranteed production. 

T h i s  technique r e t a ins  the reverse po la r i ty  

This method w i l l  becaae the 

Despite the convenience of grids ,  automatically combined w i t h  
pic tures ,  the analyst  must still cope w i t h  problem of perapective and 
overlap between frames. S ince  October, 1966, NESC ha8 provided mapped 
imagery on a da i ly  global b re i s  f o r  a g r d u g  variety of usee. 

The same earth-locator information (figure 2) i e  used t o  determine the  
lati tude/longitude of each d i g i t a l  brightness sample. 
are tranefonned through map project ion gesmetry, a d ig i t ized  p ic ture  can be 
replot ted on standard Marcator and polar  stereographic map8 f o r  handy 
comparison with other ewlrornasntal data. 
array area i s  reserved on computer dieka f o r  each polar h d s p h e r a ,  and a 
separate space i s  reeerved fo r  a overlapping Mercator equator ia l  map ar ray  
(40N t o  32s). 

If these locat ions 

A fine mesh (4096x4096) map 

A substant ia l  amount of la rge  computer time is  u t i l i z e d  each day i n  
producing these mapped video arrays. 
fo r  non l i n e a r i t i e s  in vidicon response, a r e  adjusted f o r  i nequa l i t i e s  i n  
so l a r  i l lumination, and then mapped i n t o  the polar and Mercator arrays. 
Overlap imagery frm frame-to-frame and from paso-to-paes i s  reduced by 
cropping unwanted redundancy. 

Raw smples are brightness normalized 

Global coverage is maintained i n  the polar 
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map disk ar rays ,  As n e w  infoxoat ion  i s  acquired, a "forward erase" l o g i c  
i n s u r e s  t h a t  t h e  most t imely 24-hour coverage is maintained, 
forward gap i s  c rea t ed  to demark t h e  s h i f t i n g  24-hour d i s c o n t b u i t y  kine, 

A s l i g h t  

VII. COMPUTER PRODUCTS 

Once images have been mapped, t h e  d i s k  f i l e  a r r ays  are ava i l ab le  f o r  
a v a r i e t y  of products. 
o rder  t o  provide an  a rch ive  of t he  po la r  and Mercator mapped global imagery, 
These are a v a i l a b l e  through t h e  National Weather Records Center (NWRC), 
Asheville,  N, C. as explained i n  t h e  f i lm  arch ive  ca ta log  (7), Photo p r i n t s  
i n  several map-scale sizes are a l s o  produced f r a n  these  f i l m s  for local (and 
l imi t ed  external) d i s t r i b u t i o n ,  Many image s e c t o r s  are a l s o  d i s t r i b u t e d  on 
an opera t iona l  b a s i s  through seve ra l  facs imi le  networks and by rebroadcast 
usling t h e  Weather Facsimile (WEFAX) f a c i l i t i e s  of NASA's f i r s t  Advanced 
Technology S a t e l l i t e  (ATS1). 

Sixteen 35-m f i l m  chips  are produced d a i l y  i n  

An interim archive of t h i s  " f u l l  reso lu t ion"  mapped da ta  i s  a l s o  obtained 
by copying t h e  d i s k  a r r a y s  onto magnetic tape. 
reels are requi red  f o r  each d a i l y  load, 

Three standard 2400-ft. t ape  

Experfmental programs are now beginning t o  explore the  automatic 
extraction of information r e l a t e d  t o  upper level wind f i e l d s  and t o  snow 
(hydrology) survey work. 

This unwieldy volume of information i s  compressed i n  a f i n a l  archive 
by s t o r i n g  a set of desc r ip to r s  which sumearize each 8x8 c l u s t e r  of t he  f u l l  
r e s o l u t i o n  a r rays .  These mesoscale tapes  conta in  512x512 hemispheric 
descrl.ptor a r r a y s  amounting t o  t h r e e  days of global coverage per  reel. 
Such t apes  are a v a i l a b l e  from January 1967 and are a l s o  being placed i n  
t h e  WWRC archive,, 

T e s t  products are a180 being produced from t h e  met i0  summary data. 
One point-to-point message format tape  i s  available f o r  r e l a y  and 
f u r t h e r  treatment by computer. 
c rea ted  through a d d i t i o n a l  s p a t i a l  averaging. 

Another "macro scale" tape  is naw being 

Hemispheric 5-day mean mesoscale br ightness  c h a r t s  have been produced 
s ince  November, 1967, as a poss ib l e  too l  i n  m e d i u m  range forecasting. 
S imi la r  30-day mean br ightness  charts are pro jec ted  as additional t o o l s  
f o r  longer range weather forecas t ing ,  

Other multi-day composites are i n  a t e s t i n g  phase, An accumulation 
of minimum response Over a Considerable period would tend t o  e l imina te  
moving cloud regimes and thereby reveal t h e  underlying image f i e l d .  
charts are expected t o  provide inpu t s  f o r  sea i c e  and snow f i e l d  survey 
work, 

Such 

A similar  m a x i m u m  response composite may summarize i n f o m a t i o n  on 
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storm tracks since s m a l l ,  rapidly moving t rans i tory  cyclones w0ul.d be 
retained, The (smeared) bright image areas would a l s o  r e l a t e  t o  broadscale 
r a i n f a l l  patterns.  These and other planned derived product6 serve to 
broaden the u t i l i t y  of the mapped image arrays and so d i s t r ibu te  the i n i t i a l  
mapping cost. 

A preliminary catalog of a l l  products of the Data Processing and Analysis 
Division is  in preparation (8). 

VIII. FINAL BEMhaKs 

A few cautionary remarks are in order. 

F i r s t ,  the accuracy of the  ear th  locat ion of imagery i s  a function 
of the  input information. 
combine t o  c rea te  appreciable location errors.  
s i x  saconds are possible s ince ehut ter  t r iggering can occur only once during 
each spin revolution (10 qm) of the oatellite. Sl ight  e r rors  in predicting 
o r b i t a l  posi t ion a6 a function of t i m e  may a l so  contribute. 
s a t e l l i t e ' o  o r b i t a l  period is somewhat lass than two hours, a one second time 
e r r o r  can mount t o  more than three miles of polritioning e r ro r  i n  the 
foreground p ic ture  sector  (near the subsa te l l i t e  point). 
of only tentho of degree8 of nadir angle may s indlar ly  introduce e r rors  of 
several miles. 
r i l es ,  e r ro r s  up t o  about 30 milaa may occur near the subsa te l l i t e  point 
and perhapo double that amount in the forerhortened regions near the horizon. 

Uncertainties within the inputs of f igure 2 may 
Picture  time er rors  of 

S ince  the 

Atti tude e r rors  

Although posit ioning accuracy ie usually good t o  within 5-10 

There are a l s o  problems with brightness calibration. 
v igne t te  correction is an empirically deterPnined approximation. 
scene brightness, posi t ion of the  frame in the  picture  taking sequence, and 
other  fac tors  are known t o  contribute variations.  The vidicon cameras a l so  
are known t o  change in overal l  response as a function of temperaturs,and with 
rge. 

The above mentioned 
The overall  

Non-iSOtKOpiC ecat ter ing and other complexities a l so  render the 
i l l m i n a t i o n  correction only an approximation. 
contaminate the image by blocking off m o r e  than one percent of the ear th  
dew. 
with m u l t i  day summatione because of preferred p ic ture  posit ions reeul t iag 
fran r epe t i t i on  in the programwad picture  timer. 

Vidicon f iduc ia l  marko a l so  

This seemingly small contamination tends t o  accumulate, 

Even though these problem6 tend t o  reduce ueem t o  a quasi-quantitative 
level, there  appears t o  be ample opportunity fo r  the development of 
addi t ional  experimental prodUCE80 EbrperJslentr, w i t h  Nimbus and ATS imaging 
scannqrs indicahathat much of t h i s  weakness in quant i ta t ive in te rpre ta t ion  
may be overcome wllth the odvent ( i n  1969) of the Improved Tiros Operational 
S a t e l l i t e s  (XTOS), For t h i s  eystem, m u l t i  channel imaging scanners are 
baing developed ao poesible replacements fo r  the Vidicon aystm. 
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Figure 1 - Input Data Processing 
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Figure 3 - Picture Mapping 


