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1. INTRODUCTION 

1.1 Purpose - The purpose of t h i s  document is  t o  provide 
a compilation of data  defining the f l i g h t  performance of the 
Skylab Experiment S1908, the Ear th  Terra in  Camera (ETC) of the 
Earth Resources Experiment Package (EREP). 

The object ive  of t h i s  document i s  t o  provide t h a t  Skylab 
Mission Performance da ta  required by both the EREP Pr inciple  
Invest igators  f o r  s c i e n t i f i c  evaluation of f l i g h t  data  and the 
NASA evaluation teams f o r  monitoring and evaluat ing EREP 
hardware performance . 

l . 2  Scope - The  mater ia l  contained i n  t h i s  document 
presents the  performance data of the S190B experiment obtained 
and analyzed from the three  Skylab missions. This document 
has been updated a f t e r  each Skylab mission following the 
engtneering evaluation of the data from tha t  mission. 

1.3.1 SL2 Summary - The S190B Earth Terra in  Camera (ETC) 
operated acceptably f o r  a l l  of i t s  scheduled EREP passes 
throughout the SL2 mission. The crew reported no problems i n  
unstowing the  camera, changing f i l t e r s ,  i n s t a l l i n g  the ETC 
window i n  the SAL, or i n s t a l l i n g  the camera onto the window. 
The ETC was operated f o r  a t o t a l  of seven times with no f a i l u r e s .  
The clock on the ETC was checked on DOY 170 (June 19, 1973) 
and was found t o  be 30 min. and 58 sec. slower than GMT. The 
change i n  time was expected s ince  a s imi la r  :ircumstance was 
experienced during ETC q u a l i f i c a t i o n  t e s t i n g  f o r  launchvibration.  
A leak ex i s t ed  i n  the s e a l  of the  spare msp,azine t o  the  camera 
vacuum in te r face .  For E E P  passes 08 and 10, black-&qd-white f i lm 
EK 3424 ( r o l l  182) was i n s t a l l e d  i n  t h i s  spare magazine. Since 
there  was an audible "hies", the  vr-,uum hoee wae no t  connected t o  
the camera. This caused the vacuum pla ten  t o  be inoperable,  re- 
s u l t i n g  i n  some degradation i n  r e ~ o l u t i o n  f o r  t h i s  r o l l  of film. 

The vegetat ion of the  South American jungle a reas  proved t o  
be much darker than vegetat ion found i n  the  United S ta tes ,  and was 
consequently about 1/2 s top underexposed i n  a l l  cases. 

The f i lm sensitometric da ta  f o r  SL2 was provided under 
separate cover and i s ,  therefore ,  not included i n  t h i s  report .  
The reference documents a re ,  however, l i s t e d .  

1-1 
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1.3.2 SL3 Summary - The S190B hardware operated acceptably 
during SL3, Special vacuum s e a l s  were i n s t a l l e d  which el iminated 
the loss  of vacuum on the  p l a t t e n  reported on SL2. Frame apacing 
on a l l  co lo r  f i lm exposed i n  the  primary magazines was consis tent  
and averaged 4.92 inches. Frame spacing on the BIW an4 color  I R  f i lm 
exposed i n  the  spare magazine was consis tent  and aver,.ped 4.90 inches. 
Readability and exposure of the clock was s r t i s f a c t o r y  f o r  most 
of the frames. Mechanical image anomalies were i d e n t i f i e d  on 
f i v e  frames of r o l l  SO-242 color  f i lm and one r o l l  of in f ra red  
filn! showed m m a  damage i n  the copies a t t r i b u t a b l e  t o  the dupl ica t ion 
procedure. Resolution of the camera was equal t o  or  b e t t e r  than 
spec i f i ca t ions  except f o r  frames 303 through 375 of Roll 88.Thie was 
the r e s u l t  of the  vacuum hose f o r  the  p l a t s n  not being conrrected during 
t h i e  pass. Foguing of about 35 frames reeul ted  when mapazinee were re- 
moved from the  camera. The o v e r a l l  exposure accuracy f o r  Q t 3  was generally 
b e t t e r  than t h a t  of SL2. Overexposure was evident i n  a l l  s o l a r  
i n e r t i a l  passes due t o  increased r e f l e c t i o n  inherent  with looki?g 
along the s o l a r  azimuth. A one hal f  s top  increase over SL2 
exposure s e t t i n g s  f o r  the South American r a i n  f o r e s t  a reas  d id  
not produce any not icable  improvement i n  t h a t  t a r g e t  imagery. 
An increase i n  exposure f o r  c o a s t a l  areas  during SL3 resu l t ed  i n  
overexposure with l i t t l e  gain i n  d e t a i l .  Ground posit ioning 
e r r o r s  r e su l t ing  from photo t r i angu la t ion  of SL3 images were 
consis tent  with SL2 t r iangula t ion.  The RMS e r r o r  of the photo 
res idua l s  was 8.5 micrometers vs  8.2 f o r  SL2. The o r i en ta t ion  
of S190B r e l a t i v e  t o  S190A resu l t ed  i n  a pointing displacement of 
2821 meters f o r  the SL3 frame a s  compared with 3176 meters f o r  
the SL2 frame evaluated. 

1.3.3 SL4 Summary - The S190B hardware operated i n  an 
acceptable manner during the SL4 mission. A new clock i n s t a l l e d  
on the ETC did  not funct ion a s  prec!.sely a s  expected and i t s  
overa l l  accuracy was no b e t t e r  than the o r i g i n a l  clock, Frame 
spacing on a l l  color  f i lm exposed i n  the prime magazine was 
consis tent  and averaged 4.9 inches. The frame spacing on the 
B/W f i lm exposed i n  the  spare magazine var ied  f o r  the f i r s t  89 
frames from 5.38 inches t o  a minimwt of 4.75 inches. The 
average spacing f o r  the  remainder of thz  r o l l  was 4.90 inches. 
The I R  co lo r  f i lm frame spacing avcragea 4.92 inches. No 
sensitometry data  was l o s t  or  degraded ot! SL4. Clock exposure 
and l e g i b i l i t y  wae good on a l l  frames exceot 34 exposures on 
r o l l  90. Since the clock exposure was independent of the data 
format, no ground imagery was degraded. No mechanical image 
anomalies were i d e n t i f i e d  during t h i s  mission. Resolution was 
equal t o  or  b e t t e r  than spec i f i ca t ions  with no i d e n t i f i e d  
exceptions. Lk~ring SL4, 97% of the 2159 frames were within 

one half  s top of normal. This showed a s i g n i f i c a n t  improvement 
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compared with the r e s u l t s  of the previous two rnirrionr. Lcar 
than 1% of the  frames had exposures exceeding +_ 1 f u l l  a top 
from normal. Snow scenes and the South kaerican r a i n  f o r e s r i  
were s t i l l  a  problem on Slk. LOSAT t r i angu la t ions  were consis tent  
with the previous miseions with WS e r r o r s  of the photo re r idua le  
ranging between 8 end 9 micrometers. The o r i en ta t ion  of Sl9OB 
r e l a t i v e  t o  S190A reeul ted  i n  a pointing displacement of 2637 
W t * T q ,  
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3 .  FUNCTION/LIMIT VERIFICATION (SPE-S 190B-001, JSC/lW) 

The Function/Limit Ver i f ica t ion t ask  fo r  S190B consisted 
of evaluations of the S190B photography and an evaluation of 
the  experiment operational data.  The photographic evaluation 
was comprised of a review of the returned photographic f i lm 
da ta ,  and an analys is  of t h i s  data f o r  frame spacing, eensito- 
metric data ,  s h i f t s  i n  resolut ion,  proper exposure and l e g i b i l i t y  
of the  clock, mechanical damage t o  the  fi lm, and an inspection 
of each frame fo r  general  image qua l i ty .  

The v e r i f i c a t i o n  of experiment operational data consisted 
of reviwing air-ground t r a n s c r i p t s ,  crew logs, and postmission 
crew debriefings for  per t inent  crew comments, problems, or  an- 
omalies a f fec t ing  the  S190B experiment operation. 

3.1 Photonraphic Evaluation (SL2) - The S190B photographic 
evaluations were performed using master posi t ive  f i lm (second 
generation contact  posi t ive  transparencies).  When necessary the  
o r ig ina l  films were used t o  determine the  cause of c e r t a i n  
anomalies found on the master posit ives.  Anomalies may appear 
i n  reproductions made from the second generation f i lm t h a t  a r e  
not covered by t h i s  report .  

3.1.1 SL2 Photographic Review - The Earth Terrain Camera 
(S190B) and i ts  supporting systems were used on s i x  EREP passes 
and one Lunar Cal ibra t ion pass on Skylat  2. A t o t a l  of 775 ex- 
posures were made usFng two c a n i s t e r s  of f i lm,  one co lo r ,  and 
one black and white. The c a n i s t e r  of color  f i lm, SO242 (CT07), 
r o l l  number 8L, was launched i n  the  SL2 Command Module t o  re-  
place color f i ln :  t h a t  had been damaged by the high temperature 
environment of the  o r b i t a l  workshop. Two can i s te r s  of color  
SO242 f i lm (CTOl and CT02), and one c a n i s t e r  of color  infrared 
f i lm 3443, (IRO1) were discarded d , ~ e  t o  the excessive thermal 
erivironment of the OWS. 

The black and white f i lm 3414 (BWOl), r o l l  number 82, was 
lamched on SL1 i n  the  o r b i t a l  worcrshop (OWS), but was not 
damaged by the  thermal environment and d id  no t  require  
replacement. 

Table 3.1.1-1 l i s t s  the combinations of f i lm,  magazines, 
and f i l t e r s  used on Skylab 2.  



3.1.2 SL2 Frame Spacing - The frame spacing on each c a n i s t e r  
of f i lm war reviewed t o  ve r i fy  t h a t  no double exposures were 
m d e  and t h a t  the  spacing between frames d id  not decrease or  in- 
crease  excessively. Frame spacing was measured between correspond- 
ing f i d u c i a l  marks located a t  the  top  and bottom center  of each 
f r a m  outside of t h e  normal data frame. ' The expected frame 
spacing based on design specif  i ca t ion  was 5.20 2 0.45 inchue. 

The frame spacing on c a n i s t e r  CT07, r o l l  #81, was coneis- 
t e n t  and averaged 4.92 inches. The frame spacing fo r  t h e  f i r s t  
40 frames of c a n i s t e r  BWOl, r o l l  #82, var ied e r r a t i c a l l y  between 
4.85 and 5.35 inches, with no data loss .  After  frame 40 the  
frame spacing of r o l l  #82 was coneis tent ,  averaging 4.89 inches 
f o r  the  remainder of t h e  r o l l .  The e r r a t i c  frame spacing was 
caused by loose winding of f i lm on the  supply spool, and did not  
ind ica te  a hardware malfunction. 

3.1.3 SL2 Sensitometry Review - Pre- and post f l ight  sensi -  
tometry s t r i p e  were placed on the  f i lm by the  NASAiJSC Photo- 
graphic Technology Division. Punch holes were put i n  t h e  f i lm 
leader t o  iden t i fy  the  locat ion of the  s e n s i t m e t r y .  

Both c a n i s t e r s  of f i lm returned from SL2 had exposures i n  
the  locat ion of t h e  sensitometry. I n  each case the  f i r s t  expo- 
s u r e  was not numbered and contained no data  other than an image 
of t h e  clock. This exposure was caused by t e s t i n g  the  camera 
operation pr ior  t o  opening the  s c i e n t i f i c  a i r lock.  The clock 
was double exposed i n  the  sensitometry s t r i p s  on both can i s te r s .  
Frame 001 of r o l l  182 overlapped the  rensitometry completely 
and the  clock was not v i s i b l e  because of the  double exposure. 
Loss bf data  i n  t h i s  frame was approximately 25 percent. Frame 
003 of roll .  82 had two punch marks resu l t ing  i n  l e s s  than a 2 
percent data loss.  Frame 001 of c a n i s t e r  r o l l  81 overlapped t h e  
sensitometry by 75%. Forty percent of the  data on t h i s  frame 
was l o a t  or degraded. Frame 002 of r o l l  81 had th ree  punch 
marks resu l t ing  i n  l e s s  than a 2% loss  of data .  

Imagery overlapping the sensitometry wae caused by i n s u f f i -  
c i e n t  f i lm advance during the  loading of the  film, A procedural 
change was made f o r  Skylab 3 and Skylab 4 t o  advance add i t iona l  
film. No mechanical damage was i d e n t i f i e d  on the  f i lm i n  e i t h e r  
can i s te r .  

3.1.4 SL2 Clock Exposure and Leg ib i l i ty  - The f i lm was 
reviewed f o r  proper exposure and readab i l i ty  of the  reference 
clock and the  indicated time was checked t o  ve r i fy  t h a t  the 
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clock was operating. The l e g i b i l i t y  and exposure were s s t i s f a c -  
tory  on a l l  data frames of r o l l  81. The l e g i b i l i t y  of r o l l  82 
was not a s  good a s  r o l l  8 1  because the  vacuum platen was not 
ac t ivated when t h i s  c a n i s t e r  was used i n  f l i g h t .  The exposure 
of the clock was adequate on a l l  data frames on r o l l  82, c lock 
operation was ver i f i ed  a s  normal on a l l  frames. 

3.1.5 SL2 Mechanical Image Anomalies - Second generation 
f i lm was reviewed t o  determine if any mechanical damage t o  the  
fi lm, such as holes or scra tches ,  occurred. No mechanical an- 
omalies were found on t h e  SL2 film. 

3.1.6 SL2 Resolution Evaluation - Random frames from each 
data pass were reviewed f o r  s h i f t s  i n  resolut ion o r  obvious d i f -  
ferences i n  frames. Absolute resolut ion was not determined i n  
t h i s  review. The resolut ion expected from t h i s  system with the  
respective fi lm, f i l t e r  combinations fo r  a 2:l ground con t ras t  
were : 

18" Apochromatic lens ,  B & W 3414, Wratten 12 f i l t s r  - 
11.5 meters 

18" Apochromatic lens,  SO242 Hi-resolution color - 
13.1 meters 

The resolut ion of t h e  color  f i lm examined ( r o l l  81) was 
within the specif ica t ions .  Resolution of a l l  photographs on 
the  black and white f i lm, r o l l  82, was degraded appreciably be- 
cause the  vacuum platen was not ac t ivated f ~ r  t h i s  magazine. 

3.1.7 SL2 Individual Frame Analysis - Each frame of f i lm 
exposed with S190B on SL2 ( r o l l s  81 and 82) was reviewed f o r  
qua l i ty  and image. Table 3.1.7-1 l i s t s  the individual frames 
t h a t  contained image defec t s ,  and the  cause of the  defects .  

Normal procedures require  t h a t  3 frames be advanced s ingly  
before the magazine i s  removed from the camera and t h a t  2 frames 
be advanced singly before the s t a r t  of each data pass. Those 
frames tha t  were exposed t o  preclude fogging of the  planned data  
a re  a l s o  l i s t e d  i n  Table 3.1.7-1. 

3.2 Experiment O ~ e r a t i o n a l  Data ( SL2) - The following 
paragraphs re fe r  t o  operational problems or  crew connnents re-  
garding the performance of the  Earth Terrain Camera system, 
This information has been gathered from a review of air-ground 
t r a n s c r i p t s ,  crew logs,  and pos tmission crew debrief ings. 

3-3 

Change 1 - October 25, 1974 



3.2.1 AirCround Tranrcr ipts  - The S190B clock was s e t  
FeB9uary 28, 1973 and a t  t h a t  time war 1.5 seconds fas t .  The 
cloak was checked f o r  e r r o r s  only once during the  SL2 mission. 
On June 19, 1973 (my 170) i t  was determined t o  be 30 minutes 
a:4 02 seconds slow. The clock was expected t o  develop an  e r r o r  
during launch vibrat ion,  and some e r r o r  d id  occur. The clock 
time shown i n  S190B photographs indicates  the  sequence i n  which 
t h e  photographs were taken, but does not def ine  the  precise ex- 
posure time of any photograph. 

Film magazine BWO1, r o l l  82, was used f o r  the  f i r s t  time on 
Em:? pass 18. Ih r ing  the  preparation f o r  t h i s  p u s ,  t h e  science 
p i l , ) t  noted an audible vacuum leak i n  the  magazine t o  camera body 
vacuum connector. EREP paw 2s #8 and 1 0  were made without the  vacuum 
hotie being attached t o  t k  camera. The e f f e c t  of not having t h e  vacuum 
hose connected was the  operational loss  of the  vacuum platen 
and a consequent degradation of photograph resolution.  The 
vacuum platen i s  necessary t o  assure  t h a t  t h e  f i lm i s  f l a t  and 
i n  the  foca l  plane of the  lens. A new s e a l  was launched on SL3 
t o  correct  t h i s  vacuum leak. 

3.2.2 Crew Logs and Postmission Crew Debriefing - Review 
of the  crew logs and postmivsion crew debriefing6 did not re- 
veal  any fu r the r  problems o r  anomalies. 

3.3 SL3 Photographic Evaluation 

3.3.1 SL3 Photographic Review - One thousand, four hundred 
and ninety s i x  (1496) color ,  415 black and white and 412 infrared 
pic tures  were taken during t h i s  mission. The E X  was operated 
dur.lng 34 EREP passes, 2 lunar ca l ib ra t ions ,  4 spec ia l  passes, 
and 1 s o l a r  i n e r t i a l  pass. Exposure s e t t i n g s  were good, and a l l  
hardware operated normally. 

Six can i s te r s  of f i lm were launched and returned on SL3. 
Four can i s te r s  of SO242 color f i lm (CT 03, CT 04, CT 08, 
CT 09) were exposed. One c a n i s t e r  of 3414 black and white f i lm 
(BW 02) and one can i s te r  of 3443 color  infrared f i lm ( I R  02) 
completed the quant i ty  of film. Special  vacuum s e a l s  were ca r r i ed  
on t h i s  mist, .on t o  reduce the  loss  of vacuum between the  camera 
body and ;!re spare magazine. I n s t a l l a t i o n  of one of these  s e a l s  
elimim-ted the  "hiss" reported by the  Skylab 2 crew. Table 
3.3.1 -1 l i s t s  the combinations of f i lm, magazines and f i l t e r s  
us. d on Skylab 3. Exposure values f o r  p ic tures  taken during 
ckylal, 3 were based on Skylab 2 experience. Exposures were good 
:n t h i s  mission although it was not possible t o  accommodate a l l  
exposure s e t t i n y  po ten t i a l ly  required during a data pass. 
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3.3.2 SL3 Frame Spacing - Frame spacing on a l l  co lo r  f i lm 
exposed i n  the prime magazine was consis tent  and averaged 4.92 
inche-, Frame spacing on the  black and white and color  IR f i lm 
exposed i n  the  spare magazine was consis tent  and averaged 4.90 
inches. 

3.3.3 SL3 Sensitometry Review - No s c i e n t i f i c  o r  sens i -  
tometry data was l o s t  or  degraded on any of t h e  Skylab 3 film. 
One can i s te r  of f i lm, CT 09, had punch marks i n  the  f i r s t  un- 
numbered frame of t h a t  r o l l .  This frame had a clock exposure 
and a black background indicat ing t h a t  it was taken with the 
s c i e n t i f i c  a i r l o c k  closed t o  v e r i f y  operation of the  camera p r io r  
t o  a data pass. No mechanical damage was iden t i f i ed  on the 
leader of any can i s te r  used on t h i s  mission. 

3 . 3 . 1  SL3 Clock Exposure and Leg ib i l i ty  - Legib i l i ty  
and exposure of the clock on a l l  data frames was v e r i f i e d  a s  
sa t i s fac to ry  with the  following exceptions: one data  pass re-  
corded on can i s te r  CT 08 (frames 125-199) was made with an  i m -  
proper data block exposure control  s e t t i n g  and therefore  the  
clock i s  d i f f i c u l t  t o  read. Exposure control  for  the  clock i s  
independent of the  exposure of the  image format and no degrada- 
t ion  of s c i e n t i f i c  data was caused by t h i s  e r ro r .  Double expo- 
sure of the clock was experienced on 3 frames. CT 08 frame 125 
and BW 03 frames 249 and 341. This condit ion was caused by a 
power t r ans ien t  when the  camerh was turned on. Power was applied 
t o  the camera approximately one minute pr ior  t o  s t a r t  of data 
take,  and t h e  l a t e s t  time shown should be used as  the  reference. 
The data format was not double exposed because of t h i s  power-up 
cransient.  

3 . 3 . 5  3L3 Mechanical Image Anomalies - No mechanical image 
anomalies have been iden t i f i ed  on can i s te r s  CT 03, CT 08, CT 09, 
and BW 02. Canister  CT 04, SO242 color f i lm had small v e r t i c a l  
scratches on frames 002, 003, 004, and hor izonta l  scra tches  on 
frames 005 and 006. Processing c f the f i lm was the  most probable 
cause of the  scratches.  The infrared fi lm, I R  02, showed gen- 
e r a l  damage i n  a l l  reproductions. This damage was generated 
when the  o r ig ina l  was copied, and it varied from one copy t o  
another. The damage appeared as  very small red dots  or  t e a r -  
drop shapes. The emulsion of the  3443 IR f i lm was very s o f t  and 
was s u s c r ~ t i b l e  t o  damage of t h i s  type. Yellow s t reaking was 
p r e v c l e ~  ' throughcut can i s te r  CT 04, SO242 color f i lm,  but t h i s  
was not a mechanical defect .  This yellow s t reaking consisted of one 
s t reak,  2 m  wide, CC05 to C C l O  yellow i n  color  primarily i n  frames 
239 t o  385. This s t r e a k  o s c i l l a t e s  i n  a 2 cm path a t  about 112 osc i l -  
l a t i o n s  per frame. Blue s t reaking was prevalent throughout 
can i s te r  I R  02, 3443 in f ra red  color  f i lm, but t h i s  a l so  was not a 



mechanical defect. This blue r t r eak lng  w n r i e t e d  of one t o  two plus  
density r t reake,  1 t o  2 r a  wide, CC05 t o  CClO cyrn in co lor  d o n g  the  
r o l l  from head t o  r o l l  end. Thr r t r eaka  o r c i l l a t e  randomly a t  112 t o  2 
cycler per f r m .  In-frame v i r i b i l i t y  depends on rcene color and cm- 
tent .  In both caser,  the condition vur r e l a t e d  t o  the  o r i g i n a l  f i lm 
and exis ted i n  a l l  copies. 

3.3.6 SL3 Resolution Evaluation - Reeolution of t h e  camera eye- 
tem was equal t o  o r  b e t t e r  than t h e  ryetem spec i f i ca t ion  with one ex- 
ception: frames 303 through 375 of can i s te r  CT 09 were degraded be- 
cause the  vacuum hose was not a t tacbnd and therefore  t h e  vacuum p la ten  
was not functioning when these frames were taken. 

3.3.7 SL3 Individual  Frame Analysis - Normal operat ional  proced- 
ures  were followed f o r  a l l  da ta  passes. Single frame advancement of 
f i lm with the  s c i e n t i f i c  a i r l o c k  open exposed a date  frame. Some 
fogging occurred on da ta  frames preceding magazine removal from 
the  camera. Individual frame analys is  is l i s t e d  in Table 3.3.7-1. 
No attempt has been made t o  list a l l  frames t h a t  contain color  streak- 
iag s ince  t h i s  condit ion exis ted throughout a l l  of t h e  c a n i s t e r s  CT 04 
(color film) and I R  02 (color in f ra red  film). 

3.4 SL3 Experiment operational Data 

3.4.1 Air-Ground Transcr ipts  - A s  was t h e  case f o r  SL2, 
the clock photograph should be used only f o r  the sequences of 
the  ground scenes. 

3.4.2 Crew Logs and Postmission Crew Debriefing8 - 
Information from the  crew debr ief ing confirmed tha t  the  camera 
was operated f o r  a period with the  vacuum hose disconnected. 
The reduction i n  resolut ion was discussed i n  sect ion 3.3.6. 
No other anomalies were iden t i f i ed .  

3.5 SL4 Photographic Evaluation 

3.5.1 SL4 Photographic Review - One thousand seven hundred 
and e ighty  f i v e  (1785) color ,  456 black and white and 406 
in f ra red  pic tures  were taken on t h i s  m:ssion. The ETC was 
operated during 33 EREP passes, 1 lunar c a l i b r a t i o n  and 3 spec ia l  
passes. Exposure s e t t i n g s  were good and a l l  hardware operated 
normally. 

A new clock and locking knob was flown up t o  support the  
ETC f o r  S U ,  The replacement clock and locking knob were i n ~ t a l l e d  
on the camera before any use of ETC on S U .  The replacement 
clock did  not function as  precise ly  as expected and i t s  overa l l  
accuracy was no b e t t e r  than the f i r s t  clock. The s i x  can i s te r s  
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of f i l m  exposed on t h i s  mission were flown up i n  t h e  command 
module. Four c a n i s t e r s  of SO-242 c o l o r  f i l m  (CT 10, CT 11, 
CT 12, CT 13),  one c a n i s t e r  of 3414 b l ack  and white  f i l m  (BW 03) 
and one c a n i s t e r  of SO-131 c o l o r  i n f r a r e d  f i l m  (IR 03) were 
exposed on t h i s  mission. Table 3.5.1-1 l i ~ t s  t h e  combinations 
of f i l m  magazines and f i l t e r s  used on t a c h  d a t a  pass f o r  SU. 

3.5.2 SL4 Frame Spacing - The frame spac ing  on a l l  c o l o r  
f i l m  exposed i n  t h e  prime magazine was c o n s i s t e n t  and averaged 
4.9 inches. The b lack  and white f i l m  (BW 03) exposed i n  t h e  
spare  magazine v a r i e d  f o r  t h e  f i r s t  89 frames from a maximum of 
5.38 inches  t o  a minimum of 4.75 inches.  This  same type of 
va l i ance  was observed on SL2. Th i s  var iance  i s  wi th in  
s p e c i f i c a t i o n  f o r  t he  camera system and no frames overlapped. 
The average frame spac ing  f o r  t h e  remainder of t he  r o l l  was 
4.9C inches ,  The i n f r a r e d  c o l o r  f i l m  frame spac ing  averaged 
4.92 inches. 

3.5.3 S U  Sensi tometry Review - No sens i tomet ry  d a t a  was 
l o s t  o r  degraded on SL4, no mechanical damage was i d e n t i f i e d  
on t he  f i l m  l eade r  of any c a n i s t e r  on . t h i s  mission. 

3.5.4 SL4 Clock Exposure and Legibility - Clock exposures 
and r e a d a b i l i t y  was good on a l l  £ram. 3 with t h e  fo l lowing  
exception. Frames 86 through 120 of c o l o r  f i l m  CT 10 had bad 
c lock  exposures and could no t  be read. 

The most probable cause of t h i s  poor exposure i s  a s soc i a t ed  
with the  r eques t  t o  voice  record  c lock  time. It is be l ieved  
t h a t  t h e  c lock  was not  f i rmly  r epos i t i oned  a f t e r  t h e  time was 
recorded o r  was read dur ing  the  d a t a  c o l l e c t i o n  period. Clock 
espusures were independent of da t a  format and, t h e r e f o r e ,  no 
ground t a r g e t  da t a  were degraded. 

3.5.5 SL4 Mechanical Image Anomalies - No mechanical image 
anomalies have been i d e n t i f i e d  on c a n i s t e r s  CT 10,  CT 11, CT 12, 
CT 13, o r  BW 03. Five frames of c a n i s t e r  IR 03 have b lue  s t r e a k i n g  
i n  them and i s  not a mechanical d e f e c t .  See Table 3.5.7-1 f o r  
frames a f f ec t ed .  

3.5.6 SL4 Resolut ion Evalua t ion  - Resolu t ion  of t h e  camera 
system was equal  t o  o r  b e t t e r  t han  t h e  system s p e c i f i c a t i o n  wi th  
no i d e n t i f i e d  except ions .  

3.5.7 SL4 Ind iv idua l  Frame Analysis  - Normal ope ra t iona l  
procedures were followed f o r  a l l  d a t a  passes.  S ing le  frame 
advancement of f i l m  with t h e  s c i e n t i f i c  a i r l o c k  open exposed one 
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d ~ t a  frame. Black data  frames with a clock exposure indicated 
t h a t  the a i r lock  was closed. Some fogging occurred on da ta  frhmes 
preceding magazine removal from the  camera. Lndividual frame 
analys is  is l i s t e d  i n  Table 3.5.7-1. Canister  CT 10 has l e s s  
than the normal number of exposures. This conai t ion was camed 
by advancing f i lm f o r  approximately 6 seconds before the  f i r s t  
data exposures were made i n  addi t ion t o  the normal f i lm advance 
a f t e r  loading the f i lm i n  the  magazine. The l a s t  exposure on 
each can i s te r  a l s o  had tape marks and l i g h t  fog due t o  normal 
processing conditions. 

3.6 SL4 Experiment Operational Data 

3.6.1 Air-Ground Transcripts - No useful  infor-st ion t o  the 
data recipient  was iden t i f i ed  i n  review of transcrx,,.:- 

3.6.2 Crew Logs and Postmission Crew D e b r i e f i q s  - No 
add i t iona l  information was i d e n t i f i e d  from crew logs o r  debriefings.  
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Table 3.1.7-1 Individual  Frame Analysis f o r  SL2 

I Film I d e n t i f i c a t i o n  1 
Canister  CT 07, Roll 61 

Frame #Unnumbered 
# 1 

Canister  BW 01, Roll 82 I P r a m  Unnumbered 

#131, 135 
3 unnumbered 

frames 

-... - -. 
"zqmely ": Condition - 

No imegeldouble exposure 
Double exporure over 

senri tometry 
3 Punch markr 
Single  Frame Advance 
Fogged Frame 
Black framelno image 
Single  Frame Advance 
38mn Wide fog band 
Fogged Frame 
Black framelno image 
Single  Frame a d v ~ n c e  
33mm wide fog band 
Fogged frame 
Black frarnelno image 

No image 
Double exposure w e r  

sensitometry 
2 Punch mnrks i n  frame 
13mm band of fog extends 

outside of data  frame 
Pide band of fog 

1 fogged 2 black 

Normal prepaes operation t o  check operation of camera. 
Normal postpass operation t o  advance f i lm t o  protect  data  
from l i g h t  fog. 
Frame fogged due t o  megazinc removal from camera. 
Insuf f i c i e n t  f i lm advance, 
Processing generated condition. 
Vacuum hose not connected. 
Defective film. 
Power on t r an r  ien t . 
Improper da ta  block exposure control  s e t t i n g .  
Unnecersary f i lm advance. 
Improper por i t ion  of clock. 
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Table 3.3.7-1 SL3 Individual  F r a m  Analyria 

FILM IDENTIFICATION 

Canirter  CT 03 
Frame # Unnumbered 

# 214, 115,  116 
# 116 
3 Unnumbered 
4 282, 283, 284 
# 284 
# Unnumbered 
/! 285 

Canister  CT 04 
Frame # Unnumbered 

P 002 
# 003, 004 
P 005, 006 
# 085, 086, 087 
# 087 
i C  Unnumbered 
2 Unnumbered 
# 150, 151, 152 
# 152 
3 Unnumbered 
# 159 + 3 Unnumbered 
3 Unnumbered 
41 232 + 3 Unnumbered 
3 Unnumbered 
41 310, 311, 312 
1 312 
3 Unnun~bered 
41 334, 335, 336 
% 336 
3 Unnumbered 
A l l  frames 

ANOMALY OR CONDITION 

Black Frame/Clock only 
Single Frame 
Fogging above clock area 
1 Fogged, 2 Black with clock only 
Single Frame 
Fogging above clock area 
Fogged 
Single frame advance 

Black Frame/ Clock only 
Small Ver t ica l  rcra tcher  above clock 
I I lf 

" tower 1 / 3  of frame 
" Horizontal " 81 

t I  0 I 1  

Single  Frame 
Fogged area i n  data  frame 
Fogged 
Black frame/Clock only 
Single  Frame 
Fogged a rea  i n  da ta  frame 
1 Fogged, 2 Black with clock only 
Black frame/Clock only 
1 Fogged, 2 Black with clock only 
Black frame/Clock only 
1 Fogged, 2 Black/clock only 
Single  frame 
Fogged area i n  da ta  frame 
1 Fogged, 2 Black/clock only 
Single  frame 
Fogged area i n  d a t a  frame 
1 Fogged, 2 Black/clock only 
Yellow s t reak ing  

* See page 3-9 f o r  cause legend. 
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Table 3.3.7-1 Indiv idual  Frame Analysis (Continued) 

FILM IDENTIFICATION 

Canis te r  CT 08 
Frame Unnumbered 

# 049, 050, 051 
# 051 

Unnvmbered 
2 Unnumbered 
# 122, 123, A24 
# 124 
3 Unnumbered 
# 125 
# 125--199 
# 197, 198, 199 
1 199 
3 Unnumbetsd 
# 215 + 3 Eninnumbered 
3 Unnumbered 
11 242, 243, 244 
# 244 
3 Unnumbered 
f 313, 3 u ,  345 
/1 345 
3 Unnumbered 

Canister  CT 09 
Frame Unnumbered 

% 032, 033, 034 
f 034 
3 Unnumbered 
? 130, 131, 132 
3 Unnumbered 
f 178, 179, 180 
# 180 
3 Unnumbered 
11 205, 206, 207 
3 Unnumbered 
4 233, 234, 235 
B 235 
3 Unnumbered 
d 300, 301, 302 
11 302 
3 Unnumbered 
# 303--375 

ANOMALY OR CONDITION 

Black frame1Clock only 
Single  frame 
Narrow f o e  band 
Fogged 
Black frame1Clock only 
Single  frame 
Narrow fog band 
1 Fogpad, 2 Black with c lock  only  
Double Exposure o f  clock 
Poor Exposure o f  clock 
Single  frame 
Narrow fog band 
1 Fogged, 2 Black wi th  c lock  only  
Black framelclock only  
1 Fogged, 2 Black wi th  c lock  only  
Single  frame 
Narrow fog band 
1 Fogged, 2 Black with c lock  only  
Single  frame 
Narrow fog band 
1 Fogged, 2 Black with c lock  only  

Pu~ich holes  i n  frame, Black wi th  clock only  
Single  frame 
Wide band ~f fog 
1 Fogged, 2 Black wi th  clock only  
Single  frame 
1 Fogged, 2 Black with c lock  only  
Single  f r ane  
Wide band o f  fog  
1 Fogged, 2 Black with c lock  only  
Single  frame 
1 Fogged, 2 Black with clock only 
Single  frame 
Wide band o f  fog 
1 Fogged, 2 Black wi th  c lock  only 
Single  frame 
Wide band o f  fog 
1 Fogged, 2 Black with clock only  
Reduced Resolut ion 

* See page 3-9 f o r  cause legend. 
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Table 3.3.7-1 SL3 Indiv idual  Frame Analysis (Continued) 

FILM IDENTIFICATION 

Canis te r  BW 02 
Frame Unnumbered 

# 140, 141, 142 
# 142 
3 Unnumbered 
# 171, 172, 173 
/I 173 
3 Unnumbered 
4 192, 193, 194 
3 Unnumbered 
# 246, 247, 248 
? 248 
3 I!nnumbered 
i ,  313, 314, 315 
3 Unnumbered 
#/ 341 
# 2219 

Canis te r  I R  02 
Frame Unnumbered 

A', 1 
A 1  1 
#I 027, 028, 029 
# 029 
3 Unnumbered 
f 184, 185, 186 
# l a 6  
3 Unnumbered 
# 239, 240, 241 
?I 241 
3 Unnumbered 

ANOMALY OR CONDITION 

Black frame/Clock only  
S ing le  frame 
Fogged a rea  i n  da t a  
1 Fogged, 2 ~ l a c k / C l o c k  only  
S ing le  frame 
Wide fog band i n  da t a  
1 Fogged, 2 Black/Clock only  
Single  frame 
1 Fogged, 2 ~ l a c k / C l o c k  only  
Single  frame 
Yide iog band i n  da t a  
1 Fogged, 2 ~ l a c k / C l o c k  only  
S ing le  frame 
1 Fogged, 2 ~ l a c k / C l o c k  only  
Double exposure of  clock 
Double exposure of  clock 

Elack frame/Clock only 
Blue s t r e a k s  throughout 
Red d o t s  throughout 
S ing le  frame 
Narrow fog band 
1 Fogged, 2 Rlack/Clock only  
S ing le  frame 
Wide fog band 
1 Fogged, 2 FZack/Clock only  
S ing le  frame 
b!Lie fog band 
1 Fogged, 2 Black/Clack only  

* See page 3-9 f o r  cause legend. 
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Table 3.5.7-1 

FILM IDENTIFICATION 

Ctqiater CT 10 
Frame # 3 Unnumbered 

12 feet of film 
# Unnumbered 
# 86 thru 120 
# 139 & lbnumbered 
# 203 6 4 Unnumbered 
# 210, 211 
# 289, 290, 291 
If 291 & 3 Unnumbered 
# 363, 364 

Canister CT 11 
Frame # Unnumbered 

# 88, 89, 90 
# Unnumbered 

Blank 
# 3 Unnumbered 
# 179 & 6 Unnumbered 

# 249 & 6 Unnumbered 

d 334 
IF Unnumbered 
1 335, 336 
IF 337 
# 402 
# 403 

SL4 Individual Frame Analyrir 

ANOMALY OR CONDITION 

Bl ftck Frame/ Clock only 
No exposure - no clock 
Black Frame/Clock ordy 
Clock exposure bad 
Black Frame/ Clock only, Fogged Frame 
Black FrameIClock only, Fogged Frame 
Single Frame advance, SAL open 
Single Frame advance, SAL open 
Fogged Frame, Black Frame/Clock only 
Band of Fog, Tape on Film 

Black FrameIClock only 
Single Frame advance, SAL open 
Fogged 
No data 
Black FraraeIClock only 
Black ~rarnel~lock only Fogged Black 

Frame/ Clock only 
Black FrameIClock only, Fogged, 

Black FrameIClock only 
Single Frame advance SAL open 

Fogged area on 289 
Fogged area 2.5 MM wide 
Fogged frame 
Single Frame advance SAL open 
Clock exposure bad 
4 MM fog band 
Light fog and tape on film 

* See pr;e 3-9 for cause legend. 
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Table 3.5.7-1 SL4 Indiv idual  Frame Analysis  (Cont) 

FILM IDENTIFICATION 

Canister  CT 1 2  
Frame # Unnumbered 

# 12 
# 3 Unnumbered 
# 089, 090, 091 

4 3 Unnumbered 
# 150, 151, 152 

# 3 Unnumbered 
11 224 
41 3 Unnumbered 
# 252 & 3 Unnumbered 
#b 330, 331, 332 
H 3 Unnumbered 
# 399 
i: 400 

: m i s t e r  CT 1 3  
3ame # Unnumbered 

41 055, 066, 067 
# Unnumbered 
A 68, 69 
C 68 
41 142 t h r u  146 
/F 146 
% 3 Unnumbered 
# 198, 199, 200 
# 200 
# 3 Unnumbered 
# 417 
# 418 

ANOMALY OR CONDITION 

Black Frame/Clock only  
1 . 5  MM fogged band 
Fogged frame, Black Frame/Clock on ly  
S ing le  Frame advance, SAL open, 2MM 

Fog on 091 
Fogged frame, Black ~ rame /C lock  only  
S ing le  Frame advance, SAL open, 2MM 

Fog on 152 
Fogged frame, Black Frame/ Clock only  
.75 MM fog  band 
Fogged frame, Black Frame/Clock on ly  
Fogged frame, Black Frame/ Clock only  
S ingle  frame, SAL open 
Fogged frame, Black Frame/Clock only  
2 .5  MM fog  band 
Light. fog ,  hand p r i n t ,  t ape  on f i l m  

Black Frame/Clock only  
Sing1 e frame advance, SAL open 
Fogged frame 
S ing le  frame advance, SAL open 
2 FfM fog  band 
Single  frame advance, SAL open 
2 MM fog  band 
Fogged Frame, 2 Black Frame/Clock on ly  
S ing le  frame, SAL open 
2 MM fog  band 
Fogged frame, 2 Black FrameIClock only  
5 MM fog  band 
Tape on f i lm ,  l i g h t  fog  frame 

* See page 3-9 f o r  cause legend.  
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Table 3.5.7-1 SL4 Indiv idual  Frame Analysis  (Cont) 

FILM IDENTIFICATION - 
Canis te r  BW 03  
Frame # 2 Unnumbered 

# 18" f i l m  
If 48 6 Unnumbered 

# 87, 88, 89, 90 
W h Unnumbered 
# 122, 123, 124 
# 124 
# 3 Unnumbered 
11 162, 163, 164 
# 1 Unnumbered 
# 165, 166 
# 241, 212, 253 
if Unnumbered 
if 244, 245 
# 377, 378, 379 
# 1 Unnumbered 
# 380, 381 
# 456 

Canis te r  IR 03 
Frame # 001 

# 071, 072, 073 
# 114, 115, 116 
# 3 Unnumbered 
# 198, 199, 200 
# 3 Unnumbered 
# 236, 237, 238 
# Unnumbered 
# 239, 240 
# 300, 301, 332 
# 3 Unnumbered 
# 326, 327 
# 406 

ANOMALY OR CONDITION 

Black FrameIClock only  
No exposures 
3 Black Frame/Clock only  fogged 

frame 2 Black Frame/Clock only  
S ing le  Frame advance, SAL open 
Fogged, 3 Black FrameIClock only  
S ingle  frame advance, SAL open 
Narrow fog  band 
Fogged, 2 Black Frame/Clock only  
S ingle  frame advance, SAL open 
Fogged frame 
Single  Frame advance, SAL open 
S ing le  frame advance, SAL open 
Fogged frame 
S ing le  frame, SAL open (Lunar) 
S ing le  frame, SAL open 
Fogged frame 
S ing le  frame, SAL open 
Tape on f i l m  

S ing le  frame advance, SAL open 
Blue S t r eak  i n  frame 
S ing le  frame advance, SAL open 
1 fogged 2 Black F r a m e / ~ l o c k  only  
S ingle  f r ane  advance, SAL open 
1 fogged, 2 Black Frame/Clock only  
S ingle  frame advance, SAL open 
Fogged 
Single  frame advance, SAL open 
S ing le  frame advance, SAL open 
1 fogged, 2 Black Frame/Clock only  
Blue S t r eak  
Tape on f i l m  

* See page 3-9 f o r  cause legend. 
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4. EXPOSURE ACCURACY DETERMINATION (S PE-S lgO-C32, JSC/PTD) 

An evaluation was made of the exposures used f o r  the  S190B 
Earth Terrain Camera (ETC) during the SL-2, SL-3, and SL-4 mis- 
s ions. This analyeis was accomplished by v i s u a l  examination of 
the  o r ig ina l  f i lm, aided by uensitometric analyses of a l l  r o l l s .  
The resu l t ing  data was compared t o  previously determined o p t i -  
mum exposure densi ty  ranges i n  order t o  est imate exposure ac- 
curacy. 

4.1 SL-2 Exposure Accuracy Determination 

4.1.1 Data Review - Ta'ole 4.1.1-1 summarizes the r e s u l t s  
of the exposure accuracy evaluation f o r  the SL2 f l i g h t  film. 
The geographical locat ions  l i s t e d  a r e  only spproximate refercnce 
points and should not be  taken a s  accurate.  

In almost a l l .  cases ,  the o r i g i n a l  exposure recomendations 
supplied by PTD a r e  s t i l l  va l id .  

One exception is the South American jungle areas .  The vege- 
t a t i o n  i n  thcse areas  i s  apparently much darker than vegeta t ion 
found i n  the  United St;  tes .  Exposures f o r  these  a reas  should 
be increased 1/2 s t o p  over U.S. vegetation exposures. 

The exposures fo r  the black and white f i lms shculd follow 
the 0 r i g i n ~ l  PTD recomendations with the  excep;.:an t h a t  no can- 
pensation f o r  l a t e n t  image decay is necessary. 

The exposure f o r  the  color  and color  I R  f i lms should a l s o  
follow the  or ig inal  recomendations. Both color  f i lms w i l l  have 
lower maximum d e n s i t i e s  a s  a r e s u l t  of increased r a d i a ~ i o n  dos- 
age, thereby reducing the  l d t  i tude  f o r  underexposure. 

4.1.2 Recommendations - It appears from the SL2 imagery 
t h a t  t e r r a i n  types can be separated i n t o  two c lasses  a s  a bas is  
f o r  exposure. One c l a s s  includes a l l  dese r t  and sandy a reas ,  
such a s  most of the Southwest United S ta tes .  The second c l a s s  
Fnclu2es a l l  vegetated and mountainous a r e a s ,  with the  possible 
exception of the  South American jungles,  a s  mentioned previously, 

Thus, the following exposures should be used fo r  these two 
c lasses  when sun e leva t ion  angles a r e  45O or  higher. 



Class I - Deserts and Bright Sandy S o i l s  

SO-242 11200 sec  with f i l t e r  no. 6 
3414 11140 eec with f i l t e r  no. 2 
3443 11200 sec  with f i l t e r  no. 4 

Class 11 - Vegetation and Mountainous Terra in  

SO-242 11140 sec  with f i l t e r  no. 5 
3414 11200 sec  with f i l t e r  no. 1 
3443 1/140 s e c  with f i l t e r  no. 4 
See paragraph 9.1.4 f o r  f i l t e r  information. 

4.2 SL3 E x ~ o s u r e  Accuracy Determination 

4.2.1 Data Review - Table 4.2.1-1 gives a summery of ex- 
posure accuracy, with t e r r a i n  descr ip t ions  and sun angles,  The 
geographical locat ions  given a r e  only approximate reference 
points and should not be taken a s  accurate.  

The overa l l  exposure accuracy f o r  SL3 was genera l ly  b e t t e r  
than t h a t  of SL2. However, severa l  areas  could use improvements. 

I n  severa l  instances,  the o r i g i n a l  exposure recommendations 
supplied before the pass were not fallowed. Inadvertent  e r r o r s  made 

i n  messages transmitted t o  the  crew resu l t ed  i n  d i f f e r e n t  pre-pass 
pads t o  the  crew, r esu l t ing  i n  ser ious  exposure e r r o r e  i n  severa l  
cases. 

The 1/2 s top  exposure increase f o r  the  South American r a i n  
fo res t  areas  d id  not produce any noticeable improvement i n  the  
imagery. In f a c t ,  s e t t i n g  up passes t o  accomodate t h i s  expo- 
sure  increase necess i ta ted  compromises iq x h e r  pa r t s  of the  
pass. 

Increases made f o r  coas ta l  a reas  on SL3 only resu l t ed  i n  
overexposure, with very l i t t l e  gain  i n  d e t a i i .  

Very few areas  a r e  br ight  enough t o  require  a f u l l  s t o p  ex- 
posure decrease from normal vegeta t ion exposures. The a reas  i n  
t h i s  c l a s s  encountered during SL3 were the  Southern Cal i fornia  
dese r t  areas  around the  Sal ton Sea, some areas  i n  Utah and Nevada, 
and the  Sahara Desert. 

Several  coas ta l  areas  r e r e  overexposed during passes which 
approached from the  ocean. This was due t o  the  exposure remain- 
ing a t  the increased s e t t i n g  f o r  water d e t a i l  f o r  too long a 
period, r a the r  than being changed before the  coas t l ine .  



Overexposure was evident i n  a l l  of the s o l a r  i n e r t i a l  passes. 
Thie was due pa r t ly  t o  the ob l iqu i ty  angle, but an add i t iona l  
f ac to r  was the increased ground ref  lectdnce inherent  when look- 
ing along the  sun l ine .  

The SO-242 f i lm exposed i n  the  En: exh ib i t s  much g rea te r  
s e n s i t i v i t y  t o  haze condit ions than the SO-356 exposed i n  S190A. 
This is probably due t o  the lack of a haze f i l t e r  on the ETC. 
The haze f i l t e r  coated on the 30-242 f i lm i t s e l f  is apparent ly  
not e f f i c i e n t  enough and must be supplemented by a camera haze 
f i l t e r .  

4.2.2 Recommendations - The sun angle - exposure change 
recommendations should be a l t e r e d  a s  follows: 

35' - 30' nomina 1 s e t t ings 

25' - 35' + 1/2 s t o p  

+ 1 s t o p  

10' - 15' + 1 112 s tops  

+ 2 s tops  

5O - 7O + 2 1/2 stops 

The South American r a i n  fo res t  a reas  should be given normel 
vegetat ion exposures. 

Exposure increases f o r  water d e t a i l  should be r e s t r i c t e d  t o  
c l e a l  ocean water only. 

With the  exception of the very br ight  areas  mentioned i n  
4.2.1, exposure decrease fo r  br ight  t e r r a i n  should be l imi ted  
t o  1/2 stop. 

When approaching land from the ocean, water d e t a i l  expoeuyes 
should be cu t  off well  before the  coas t  t o  avoid overexposure of 
land areas .  
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Exposure f o r  s o l a r  i n e r t i a l  passes rhould be decreased a t  
l e c s t  112 s t o p  t o  account f o r  the angular ref lec tance  incteree.  

The SO-242 f i lm should be given 1/2 s t o p  l e s s  exposure when 
heavy haze or cliiud cover ex i s t s .  

4.3 SL4 Exposure Accuracv Determination 

4.3.1 Data Review - Camera expoeuree ueed t o  expose 
the seven sets of s i x  r o l l s  of S190b St4 f i lms were evaluated. 
To accomplish the exposure ana lys i s ,  a v i sua l  scene iden t i f i ca -  
t ion  was made by using the Skylab 4 coverage maps (Appendix A), 
'EREP Sensor Data Acquisition Sta tus  Report f o r  the  Skylab 4 
Mission; and frame t o  frame tabulations.  Exposures used were 
v e r i f i e d  by cor re la t ion  with the same documents t o  determine sun 
angle, camera shu t t e r  speed and camera aperture.  Each scene was 
analyzed densitometrically and the r e s u l t s  corre la ted  with 
densi ty  versus log exposure curves discussed i n  paragraph 4.3.2 
fo r  each of the f i lm types used. The r e s u l t s  a r e  tabulated i n  
Table 4.3.1-1. These data  consis t  of  f i lm r o l l  numbers, Skylab 
pass and t rack numbers, camera ' f '  numbers, f i l t e r  numbers, 
shu t t e r  speeds, subject  scene, sun angle,  scene s t a r t  frame 
number, an evaluation of the exposure accuracy and any 
appropriate notes. This evaluation of Skylab 4 S190B experiment 
camera exposures showed the following resu l t s :  

o The S190B experiment included about 2,159 frames of 
imagery with 97% exposed within plus o r  minus one-half 
f l s t o p  of normal. 

o Less than one percent of the S190B frames had exposures 
exceeding one f u l l  s top of normal. 

o Cloud cover af fected imagery i n  a s i g n i f i c a n t  number 
of scenes. 

o A tendency toward an overexposure of snow Fcenes 1/2 
t o  1 f l s t o p  occurred on SL-4 where snow scenes were 
a new exposure problem. 

o A tendency toward u~derexposure  of Brazil ian jungle 
scenes by one f l s t o p  o r  more was s t i l l  a problem on 
SL-4. 
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o The SL-4 results, compared to SL-3 end SL-2, reprerented 
significant improvement. Little exposure difficulty war 
encountered where cloud cover was minimal resulting in 
less than one percent of the exposures exceeding a full 
f/stop, tolerance. Coastal areas, a problem on SL-2 end 
SL-3, were no problem on SL-t. 

o SL-4 results demonstrated the value of experience gaiued 
in exposure determination and evaluation on SL-2 end SL-3. 

4.3.2 SL4 Density vs. Log Exposure arvcs - The density 
versus log exposure graphs given in Figure 4.3.2-1 ere the I-B 
sensitometric simulations of the S190B film-filter combinations. 

Notations are made on each curve to indicate the location 
of image densities which would be classified as normal exposure, 
1/2 f-stop over or tsnder exposed and 1 f-stop over or under 
exposed. 

The density range of each scene; i.e. the difference between 
the high and low densities were determined and a mid-range 
density value was determined to locate the scene on the D log E 
ccrve to derive exposure accuracy. 
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Figure 4 . 3 . 2 - 1  (cant inued) Density vs 1 . o ~  Exposure C U ~ V V S  

Change 1 - October 25, 1974 
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5 SPECTRORACIOMETRIC ACCURACY AND SIGNAL TO NOISE DETERHINA- 
TION (SPE-S190B-003, J S C / S M D )  

This s e c t i o n  was not ava i lab le  f o r  inc lus ion  i n  t h i s  report. 

5-1 
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6 SPATIAL RESOLUTION DETERMINATION (SPE-Sl90B-004; ITEK) 

The S p a t i a l  r e sc lu t ion  perf ormence evaluation task  was per- 
formed by the  ITEK C x > o r a t i o n ,  Lexington, Massachusetts. 

6.1 SL2 Imne Analysis Evaluation - This sec t ion  contains 
the r e s u l t s  of a p a r t i a l l y  completed image ana lys i s  program which 
has been designed t o  produce, upon completion, a desc r ip t ion  of 
the  S-1908 sensor performance primarily i n  terms of the two d i -  
mens ional  s p a t i a l  performance of the  film. 

A l l  ana lys i s  has been performed on second generation dupl i -  
c a t e  posi t ives  made d i r e c t l y  from the  o r i g i n a l  negatives. These 
r e s u l t s  cannot be used t o  determine exact ly  the  a c t u a l  perform- 
ance of the  S-190B camera, however, when the  f a c t  t h a t  dupl ica te  
imagery has been used fo r  the  ana lys i s  i s  taken i n t o  account, the 
r e s u l t s  can he construed t o  be ind ica t ive  of genera l  camera per- 
formance. The primary purpose i n  generating t h i s  data  a t  t h i s  
time i s  t o  a s s i s t  users of t h e  mate r i a l  i n  evaluating the  poten- 
t i a l  and l imi ta t ions  of the imagery on second generation dupl i -  
c a t e  posi t ives .  

The o r i g i n a l  f i l m  types used i n  f l i g h t  by the  ETC and the  
dupl ica te  mater ia ls  upon which the  ana lys i s  was performed are :  

Orininal  Film Duplicate Film 

6 1 . 1  Image Q u a l i t y  Evaluation - During t h e  Skylab 2 mis- 
s ion ,  the S19OB high resolut ion camera acquired a e r i a l  photography 
over portions of North, Central  and South America. This photo- 
graphic coverage was recorded on both black and white and co lo r  
f i lm. A p a r t i a l  s e t  of second generation dupl ica te  posi t ive  
transparencies was submitted t o  I t e k  f o r  evaluation of image 
qua l i ty .  A high percentage of t h i s  coverage was acquired over 
water and/or cloud covered a reas  thus l imi t ing  the  number of 
frames ava i l ab le  f o r  image evaluat ion analys is .  

An i n i t i a l  q u a l i t y  and photographic coverage review was con- 
ducted i n  order t o  determine i f  any camera system malfunction had 
occurred, number of frames ava i l ab le  f o r  image q u a l i t y  ana lys i s ,  
amount of water and/or cloud coverage and, assessment of any 
system anomalies. The i n i t i a l  evaluat ion i d e n t i f i e d  the 



l i m i t e d  quan t i t y  of good cloud f r e e  cu l tu red  photographic 
frames and a l s o  found t h a t  t h e  b l ack  and white photography 
was g ros s ly  out  of focus due t o  l a c k  o f  vacuum previouely  discussed.  

The s u b j e c t i v e  r a t i n g  o r  image q u a l i t y  was accm>mplished 
by d e t a i l e d  s tudy of images under h igh  magni f ica t ion  i n  a 
sys temat ic  process.  Two approaches were employed dur ing  t h i s  
i nves t iga t ion .  The f i r s t  involved us ing  a t ranspare t8 t  one 
cent imeter  g r i d  under t he  frame being s tud i ed ,  with each 

e n t i m e t e r  a r ea  having c u l t u r e  be ing  ranked. Th i s  approach i s  
t hen  repea ted  throughout t he  photography. From the  d a t a  
e x t r a c t e d  by t h e  use of t h i s  ma t r ix  an o v e r a l l  p a t t e r n  d i d  
evolve showing image q u a l i t y  v a r i a t i o n s  w i th in  a frame. The 
second approach u t i l i z e d  a f o u r - c i r c l e  zone p a t t e r n  a s  shown 
i n  Figure 6.1.1-1. This  zonal  p a t t e r n  b e s t  s u i t e d  t h e  c o l o r  
photography f o r  image q u a l i t y  eva lua t ion .  

The imagery was eva lua ted  by a technique c a l l e d  Visua l  
Image Evalua t ion  (VIE). This  technique uses  a s tandard  photo- 
i n t e r p r e t e r  viewing t a b l e  with a v a r i a b l e  zoom b inocu la r  
microscope. The photographic image i s  magnified t o  t h e  poin t  
where t h e  image becomes divorced from i n s t a n t  r ecogn i t i on  
( the  image breaks down due t o  g r a i n ,  image r e s o l u t i o n ,  image 
c o n t r a s t  and o the r  image degrading f a c t o r s )  a s  judged by t h e  
person viewing the  photography. This  magni f ica t ion  i s  then  
converted t o  an es t imated  f i l m  r e s o l u t i o n  number based on a 
c a l i b r a t e d  conversion f a c t o r  t h a t  had previous ly  been 
determined by an a n a l y s i s  of t h e  magni f ica t ions  requi red  t o  
read 2 : l  c o n t r a s t  r e s o l u t i o n  t a r g e t s  from labora tory  and 
ope ra t iona l ly  generated a e r i a l  photographs. T h i s  conversion 
f a c t o r  was f u r t h e r  v e r i f i e d  by c r o s s  checks where t he  r e s o l u t i o n  
was withheld,  fo rc ing  t h e  i n t e r p r e t e r  t o  judge the  r e s o l u t i o n  
from the  images. This  eva lua t ion  approach c l o s e l y  matches 
t h a t  of the  pbo to in t e rp re t e r  who is  a l s o  hampered by image 
s c a l e ,  c o n t r a s t ,  shadow lengths ,  s p e c t r a l  response and a l l  o t h e r  
f a c t o r s  t h a t  e f f e c t  t h e  f i n a l  photograph. 

6.1.1.1 Black and White Photography - The b lack  and white 
panchromatic photography was recorded with a high d e f i n i t i o n  
f i l m  (3414) having enhanced red s e n s t i v i t y  peaking a t  680 
nanometers t t h  near t o t a l  l o s s  of s e n s i t i v i t y  by 700 nanometers. 
The o r i g i n a l  7414 negat ive  was dupl ica ted  on a f i n e  g r a i n  
dup l i ca t i on  f i l m  (2430). This  t ransparency ( a  second genera t ion)  
was used f o r  t he  image q u a l i t y  eva lua t ion .  



The panchromatic photographic images show both a  l a rge  
v a r i a t i o n  of image q u a l i t y  w i th in  a  given frame, and a  p a t t e r n  
of image q u a l i t y  change t h a t  remains cons i s t en t  from frame-to- 
frame. This  frame-to-frame cons is tency  sugges ts  t h a t  t h e  f i l m  
was not he ld  f l a t  dur ing  i t s  exposure and t h a t  each frame 
conformed t o  a  s i m i l a r  s e t t i n g  with each new frame being 
t r anspo r t ed  i n t o  the  format a rea .  

The image q u a l i t y  of a t y p i c a l  panchromatic d u p l i c a t e  
t ransparency frame can b e s t  be descr ibed  by reviewing t h e  
p a t t e r n  i nd i ca t ed  by the  V I E  r e s o l u t i o n  numbrrs shown i n  
F igure  6.1.1 -2. Within a g iven  frame the  qualFty of t he  
imagery changes by a f a c t o r  of t h r e e ,  the  b e s t  r e s o l u t i o n  being 
i n  t h i s  a r ea  ad jo in ing  t h e  c lock  and along t h e  t i t l e d  edge. 
The h ighes t  q u a l i t y  image observed y i e l d s  approximately 75-foot 
ground resolved d i s t ance  (GRD) while  t h e  poorest  y i e l d s  
approximately 250-foot GRD. Approximately 52 percent  of t he  
3414 photography f urnishcd i s  cloud covered. 

6.1.1.2 Color Photography - The high d e f i n i t i o n  c o l o r  
f i l m  (S0242) was dupl ica ted  on S0360, an Ektachrome aerographic  
d u p l i c a t i n g  f i lm.  It i s  t h i s  second genera t ion  t ransparency 
t h a t  was used f o r  eva lua t ion .  

The c o l o r  d u p l i c a t e  t ransparency  imagery shows l i t t l e  
q u a l i t y  change throughout t he  major po r t i on  of a  frame, with 
only poor imagery i n  t he  fou r  corners  of each frame (Figure 
6.1.1-3. The bes t  q u a l i t y  c o l o r  imagery y i e l d s  60-foot 
GRD, with t he  major po r t i on  of t he  imagery y i e l d i n g  85-foot GRD. 
X minor component of motion was de t ec t ed  i n  edges of roads 
and farm p l c t s  where t hese  edges have h igher  than  aver-ige 
c o n t r a s t .  This smear d is turbance  i s  considered very  ino or a t  
t h e  c u r r e n t  r e s o l u t i o n  l c v e l  of the  SO 242 f i lm.  Should e i t h e r  
t h e  SO 242 o r  3414 f i l m s  y i e l d  h igher  r e s o l u t i o n  on f u t u r e  
Skylab missions t he  observed motion may very wel l  be a  major 
f a c t o r ,  by l i m i t i n g  the  system performance i n  one d i r e c t i o n .  
Approximately 31 percent  of t he  c o l o r  photography i s  cloud 
covered. 



6.2 S p a t i a l  Resolu t ion  Determination - This  paragraph 
p re sen t s  the  prel iminary r e s u l t s  of VEM (Visual  Edge Match) 
a n a l y s i s  performed on t h e  S190B b l ack  and white dup l i ca t e  
f i l m  f o r  SL2, SL3 and SL4. 

6.2.1 Visua l  Edge Matching - Visual  Edge Matching (VEM) i s  
a technique f o r  determining photographic image q u a l i t y  i n  t h e  
absence of s p e c i a l  t a r g e t s .  The edge comparison technique 
involved v i s u a l l y  comparing a photographic edge of unknown 
q u a l i t y  with a c a l i b r a t e d ,  laboratory-made ma t r ix  of edges. 
Figure 6.2.1-1 i l l u s t r a t e s  t h e  VEM a n a l y s i s  method. 

The ma t r ix  cons i s t ed  of rows and columns of edges. Columns 
contained edges of cons t an t  sharpness bu t  vary ing  c o n t r a s t ,  and 
rows contained edges of vary ing  sharpness but  cons tan t  c o n t r a s t ,  
Sharpness s t e p s  were determined t h a t  gave equal  psychological  
s t e p s ,  and a l s o  an unambiguous v i s u a l  sharpness s ca l e .  Each 
edge was one mi l l ime te r  long. Included i n  each  edge column was 
a r e s o l u t i o n  t a r g e t  which allowed ranking the  v i s u a l  sharpness  
s t e p s  i n  terms of 2 : l  c o n t r a s t  r e s o l u t i o n ,  Actua l ly ,  any type  
of t a r g e t  could have been included f o r  re ference .  It was 
poss ib l e  t o  make mat r ices  on any photographic ma te r i a l .  However, 
i t  was impera t ive  t h a t  they  were made on t h e  same m a t e r i a l  a s  
t h e  f i l m  under a n a l y s i s ,  s o  t h a t  t h e  g r a i n i n e s s  f o r  both t h e  
ma t r ix  and the  unknown photography would be equiva len t .  

The edge mat r ix  was placed on one s i d e  of a s p l i t  f i e l d ,  
double microscope comparator,  and an  edge of t h e  unknown photo- 
graph s e l e c t e d  and matched i n  c o n t r a s t  t o  a mat r ix  c o n t r a s t .  
The observer  then  moved t h e  ma t r ix  i n  the  sharpness  row u n t i l  a 
sharpness match was obtained.  

Since t he  mat r ix  was c a l i b r a t e d  i n  terms of r e s o l u t i o n ,  
t he  r e s o l u t i o n  of t he  f i l m  under a n a l y s i s  was r e a d i l y  determined. 
Not only d id  the  ma t r ix  edges have t o  be made of t he  same 
m a t e r i a l  a s  t h e  f i l m  under a n a l y s i s ,  bu t  ~ r o c e s s i n g  cond i t i ons  
had t o  be dup l i ca t ed  i n  o rde r  t o  o b t a i n  c o n s i s t e n t  and accu ra t e  
matching r e s u l t s .  P r e f l i g h t  r e s o l u t i o n  t a r g e t s  exposed through 
the  S190 camera a l s o  had t o  be produced f o r  t h e  ma t r ix  c a l i b r a t i o n  
t o  determine t h e  r e s o l u t i o n / c o n t r a s t  func t iona l  r e l a t i o n s h i p .  

VEM a n a l y s i s  was performed on t h e  b lack  and white d u p l i c a t e  
f i l m  of t he  S19QB camera. Resolu t ion  e s t ima t ions  of t he  c o l o r  
f i l m  was produced through V I E  a n a l y s i s ,  and is  found i n  s e c t i o n  
6.1.1.2. 
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6.2.2 Procedures - Matrix Product ion and C a l i b r a t i o n  - 
An important  c a p a b i l i t y  of VEM a n a l y s i s  was t h a t  system 
performance and o r i g i n a l  nega t ive  q u a l i t y  could  be determined 
from the  eva lua t ion  of d u p l i c a t e  ma te r i a l .  A d u p l i c a t e  VEM 
matr ix  was cons t ruc t ed  and c a l i b r a t e d  us ing  d u p l i c a t e  t e s t  
imagery. C a l i b r a t i o n  was performed by matching ma t r ix  edges t o  
edges i n  t he  d u p l i c a t e  c a l i b r a t i o n  3-bar t a r g e t s .  

The r e s o l u t i o n  of t he  t a r g e t  was read a t  t he  same t ime a s  
t h e  matching. Upon averaging,  f i t t i n g  and p l o t t i n g  the  
r e s o l u t i o n  d a t a  ve r sus  edge number, a  r e s o l u t i o n  va lue  was 
ass igned  t o  each mat r ix  column of edges. The c o n t r a s t  o f  t he  
o r i g i n a l  3-bar t a r g e t s  determined t h e  c o n t r a s t  f o r  which t h e  
c a l i b r a t i a n  was v a l i d .  The same 3-bar t a r g e t s  used on the  
d u p l i c a t e  m a t e r t a l  were then read on t h e  o r i g i n a l  nega t ive  (O.N.) 
mate r i a l .  Upon averaging,  f i t t i n g  and p l o t t i n g  of t h i s  d a t a  
ve r sus  edge number, a  second s e t  of r e s o l u t i o n  va lues  which 
d e f i n e  o r i g i n a l  nega t ive  q u a l i t y  wap assigned t o  the  ma t r ix  
(one va lue  f o r  each column). Thus, VEM a n a l y s i s  of dup l i ca t e  
imagery produced a  s e t  of two va lues :  the r e so lu t io t i  of t h e  
d u p l i c a t e ,  and the  r e s o l u t i o n  of t he  o r i g i n a l  f i lm.  Proper 
process ing  and dup l i ca t i on  of t he  ma t r ix  edges and t e s t  ba r  
t a r g e t s  was necessary f o r  t h i s  technique t o  work. 

A 2430 d u p l i c a t e  mat r ix  has been assembled f o r  eva lua t ion  
of t h e  S190B imagery. A t  t he  time of t h i s  r epo r t  t h e  ma t r ix  
c a l i b r a t i o n  had not been completed. Thus, no va lues  a r e  given 
he re  f o r  O.N. r e s o l u t i o n ,  and d u p l i c a t e  r e s o l u t i o n  va lues  a r e  
considered prel iminary.  

The c o n t r a s t  of t h e  c a l i b r a t i o n  t e s t  t a r g e t s  was 2 : l .  Thus, 
a l l  r e s o l u t i o n  va lues  shown here  a r e  f o r  2 : l  ground t a r g e t  
c o n t r a s t .  

6.2.3 Resu l t s  - These r e s u l t s  a r e  prel iminary.  VEM 
c a l i b r a t i o n  and a l l  d a t a  reduct ion  have not  been completed a t  
t h i s  time. Table 6.2.3-1 g ives  r e s o l u t i o n  va lues  f o r  a l l  Skylab 
miss ions ,  2430, d u p l i c a t e  q l i a l i t y  only. The SL2 r e s u l t s  chow 
an average r e s - l u t i o n  over t he  f u l l  format. The SL3 and SL4 
r e s u l t s  ard given f o r  an a r ea  of + 8 degrees over  t he  S190B 
format. This  a r e a  inc ludes  a l l  o f  t he  format except  small  a r e a s  
near  t he  corners .  

The reason f o r  the  drop i n  r e s o l u t i o n  on SL2 is known t o  be 
a  malfunct ion i n  t he  camera's vacuum p la t en  system. The reason(8)  
f o r  t he  r e s o l u t i o n  l o s s e s  on the  So la r  I n e r t i a l  Passes i s  not  
f u l l y  understood a t  t h i s  time, Post  Pass Summary Data i n d i c a t e s  

6-4a 
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chat  t h i e  loee could be due t o  an improper FMC se t t ing .  Thir  
data  a l e o  ehowe t h a t  the Skylab crewe had some problems with 
the  camera'e vacuum oyetem durlng rome of there  (Solar I n e r t i a l )  
pasees. Leee Poet Paer data  i e  avai lable  on the S I  pasree than 
on the  EREP Paseer. Coneequently, inveet igat ion i n t o  the 
caase(e) of these  resolut ion loesee is  incomplete a t  t h i s  time. 

A ra the r  large  loes  i n  r eso lu t ion  between the O.N. and 
dupl ica te  t e a t  t a r g e t s  wae obeerved. This loss  averaged about 
257.. Thus, O.N. reeolut ion a s  predicted from che VEM analys is  
w i l l  be about 25% higher than thoee valuer ehown i n  Table 
6.2.3-1. A l l  r e s u l t s  shown here must be considered preliminary 
eince matrix c a l i b r a t i o n  hae not been completed a t  th in  time. 
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Figure 6 .1 .1 -1  - Ovcirlay G r i d  and Zone Arrdy 



Ti t l ed  Ed 

i 
Supply 

Resolution - Averagt: of  two or more readings per centimeter area. 

Zone - 
A 
B 
C 
D 

E- 1 
E-2 
E- 3 
E- 4 

Figure 6 .1 .1  -2  

Resolution ( l p / m )  

14 .3  
16.8 
19 .3  
18.5 

Clock 
11 .3  
11 .3  
21 .0  

- VIE K~solution - 3414 Film 

b-b 



Tit le  

Resolution - Average of 10 or more readings per zone. 

Resol.ution (Ip /mm) 

39.5 
37.5 
37.5 
32.5 

Clock 
14.5 
27.0 
17.5 

Figure 6.1.1 - 3 - V I E  Resolution - SO242  Film 





Table 6.2.3-1 S190B Resolution* @ 2: 1 
Contrast on Second Generation 
Duplicate (2430) F i l m  

EREP Pass Resolution, l p / m  

Skylab 2 ( a l l  passes) 

20 
Solar Inert ia l  1 
Solar Inert ia l  2 
Solar Inert ia l  3 
2 9 
30 
31 

Skylab 4 

EREP 3 (Solar Iner t ia l )  
Solar Inert ia l  2 
76 
78 
80 

* Preliminary Results 
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7. GEOMETRIC DISTORTION DETERMINATION (SPE-S 190B-005, JSC/SUD) 

The geometric d i s t o r t i o n  task wae performed a s  an i n t e g r a l  
p a r t  of t a sk  SPE-S190B-006 reported i n  sect ion 8, Several s t r i p e  
of photography as  noted i n  sect ion 8 were analyzed by performing 
a simultaneous ana ly t i ca l  phototriangulation using a modified 
version of LOSAT. This was performed with no f i lm deformation 
corrections,  lens  d i s t o r t i o n  correct ions  o r  atmospheric r e f r a c t i v e  
corrections. The res idual  e r r o r s  i n  t r ans fe r r ing  from image 
coordinates t o  ground control  were 8.2 Pm rms f o r  SL2 imagery and 
8.5 Pm rms f o r  SL3 imagery. Sfk  r e s u l t s  were s imi la r  to  SL3 
resul ts .  Since the laboratory mensuration methods have a 
res idual  rms e r r o r  of about 5 Dm, it has been determined t h a t  the  
lens  d i s t o r t i o n  contribution t o  the  res idua l s  of about 8.2 pm rms 
is  small  and well  within the spec i f i ca t ion  requirements f o r  the  
lens. 

7-1 
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8 .  POINTING ACCURACY, FIELD OF VIEW AND TIMING CORREUTION 
DETERMINATION (SPE-S 190B-006, JSC/SMD) 

8.1 SL2 Pointing Accuracy Evaluation - This sec t ion  presents 
a comparison of ground point posit ioning e r r o r s  between SKYBET 
photo-support data  and a c t u a l  ground posi t ions ,  and an ana lys i s  
3f the  pointing angle d i f fe rence  between the  S190A and S190B 
cameras. Contact posi t ives  mede from the  o r i g i n a l  f l i g h t  f i l m  
were used i n  t h i s  ana lys i s ,  

8.1.1 Ground Posit ioning Errors - Ground posit ioning e r r o r s  
were determined f o r  one port ion of the  SL2 mission by perform- 
ing a simultaneous a n a l y t i c a l  phototriangulation of a s t r i p  of 
S190A and a s t r i p  of S190B imagery over a comnon area.  Using a 
modified versLon of t h e  LOSAT (Lunar Orbi ter  S t r i p  Analyt ica l  
Triangulation) cornputat ional  program, a s t a t i s t i c a l l y - r i g o r o u s  
simultaneous photogrammetric adjustment t o  a dense network of 
graund control  was accomplished. The r e s u l t s  of t h i s  f i t  were 
then compared with published SKYBET photo support data  t o  evalu- 
a t e  the posit ioning e r r o r s  i n  the  S190A and S190B imagery. 

The photography used fo r  t h i s  evaluation consisted of f i v e  
frames of S190A data  from camera s t a t i o n  5 (frames 11-240 through 
:I-244) acquired i n  the  v i c i n i t y  of Terre Haute, Indiana during 
EkF.P Pass 7 ,  t r ack  33; and frames 81-336 through 81-344 of corn- 
panioa Sl908 data .  A well -dis t r ibuted pa t t e rn  of 25 of more 
ground control  points was c a r e f u l l y  se lec ted on each frame of 
imagery. Conjugate images were s teroscopical ly  located and t rans-  
fer red between overlapping frames using conventional photogram- 
metric techniques. These con t ro l  point images were measured on 
a Mann Model 1210-3 precision monocomparator t o  obta in  coordinates 
necessary f o r  the  a n a l y t i c a l  adjustment. Object space (geographic) 
coordinates of the  con t ro l  were derived by d i g i t a l  in te rpo la t ion  
of measurements of the points on 1:250,000 s c a l e  USGS maps. In-  
i t i a l  approximations f o r  the  locat ion,  a t t i t u d e  and time of ex- 
posure parameters fo r  the various photographs were obtained 
d i r e c t l y  or derived from SKYBET data.  These parameters were 
subsequently allowed t o  a d j u s t ,  subject  t o  the  a p r i o r i  know- 
ledge of t h e i r  values,  i n  the  LOSAT adjustment. 

In  piocessing these  data through the  LOSAT adjustment, photo 
image measurements were weighted a t  8 micrometers, ground con- 
t r o l  was considered known t o  an  accuracy of 50 meters and the  
'.imes of exposure of the f i v e  S190A frames were t r e a t e d  a s  i f  
known t o  . O O l  second. The manufacturers foca l  length value of 
152.429 mm was used f o r  the  S190A s t a t i o n  5 exposures ; and a 



value of 457,411 am, a s  derived from the s t e l l a r  c a l i b r a t i o n  
performed by JSC, was employed for  the S290B frames used i n  the 
phototriangulation. It should be noted tha t  no f i lm deformation 
correct ions ,  lens d i s t o r t i o n  corrections or  atmospheric refrac-  
t i o n  corrections were applied t o  the photo image measurements. 
Correction for  pr incipal  point o f f se t  was, however, applied. In  
the LOSAT reduction photo positions and o r ien ta t  ion ( a t t i t u d e s )  
and the  times of t h e  S190B exposures were provided complete 
freedom t o  ad jus t  such as  t o  "best f i t "  the  network of ground 
control .  It should a l s o  be noted tha t  tbe  mathematical model 
employed i n  LOSAT confines a l l  of the exposure s t a t i o n s  t o  l i e  
somewhat on an o r b i t a l  a r c  which i s  physically defined by dynam- 
i c a l  equations of motion. 

Ultimately, the  LOSAT adjustment converged t o  a s t a b l e  re-  
s u l t  with 8.2 micrometer root mean square e r r o r  on the photo 
images of the ground control  points. The r e s u l t s  of t h i s  ad- 
justment, a s  i t  pertains t o  ground positioning e r ro rs ,  i.e., 
d i f ferences  between SKYBET and ac tua l  ground posi t ions ,  i s  de- 
picted i n  Figure 8.1.1-1 fo r  one typical  frame of photography 
i n  the tr iangulated s t r i p .  

The most s ign i f i can t  f inding of t h i s  portion of the  evalu- 
a t i o n  i s  t h a t  the  SKYBET data  fo r  the S19W and t h i s  EREP pass 
is apparently one frame o f f ,  i .e.,  the  SKYBET data f o r  frame 240 
most nearly coincided with the  t r i angu la t ion  r e s u l t s  fo r  frame 
241*. If  t h i s  discrepancy i s  taken i n t o  account, then t h e  rms 
di f  farences i n  the  principal  point (center  of photo) locat ion 
between the SKYBET and photogrammetrically derived values a r e  
6808 meters f o r  S190A and 5822 meters for S190B. Converted t o  
in t rack and cross t rack components, these di f ferences  a re :  

S190A: 4166 Meters in t rack;  5423 Meters cross t rack 

S19OB: 5776 Meters in t reck;  730 Meters cross t rack 

The above-described ana ly t i ca l  phototriangulation was sub- 
sequently reperformed, t h i s  time using control  point coordinates 
derived from 1:24,000 sca le  USGS maps. The control  point pat- 
t e rn  was iden t ica l  t o  that  o r ig ina l ly  se lected on the 1:250,000 
sca le  maps. The r e s u l t s  of t h i s  t r iangulat ion were v i r t u a l l y  
ident ical  with those of the t r iangulat ion using the  1:250,000 
source control .  The root mean square e r r o r  of the photo coordi- 
nates for the  1:24,000 source t r iangulat ion was 8.0 micrometers, 
a s  compared with 8.2 micrometers fo r  the  1:250,000 source t r i -  
angulat ion. 

*The S190A tabula t ion S022-1 as  described i n  PHO TR 524 i s  
being corrected. 



'I. 

Tests performed on di f ferences  i n  the  passpoint coordinates 
and photo parameters fo r  the  two t r iangula t ions  ind ica te  t h a t  
no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f ferences  e x i s t  between the  two 
reductions. 

This indicates  t h a t ,  with propcr procedures, 1 : 250,000 
sca le  maps meeting National Map Accuracy Standards can be u t i -  
l i zed  t o  support metric exp lo i t a t ion  of both the  S190A and S190B 
SKYUB photography. 

8.1.2 S190A and S190B Pointing Angle Differences - The 
LOSAT a n a l y t i c a l  t r i angu la t ion ,  previously described i n  Section 
8.1.1, yielded,  a s  a  byproduct, photo o r i en ta t ion  parameters 
which enable the angular pointing di f ferences  t o  be es tabl ished 
between t h e  S19OA and S190B cameras. Since the  photo tr iangu- 
l a t i o n  is based on coordinates of readi ly  photo-identif i ab le  
points on the ground, i t  provides a  means of determining camera 
posi t ion and o r i en ta t ion  information t h a t  i s  completely inde- 
pendent of spacecraft  a t t i t u d e  da ta ,  ex te rna l  tracking,  e t c .  

The LOSAT-derived a t t i t u d e  data  and pointing angle d i f f e r -  
ences a r e  presented i n  t h i s  sec t ion  i n  terms of p i tch ,  r o l l  and 
heading referenced t o  a  " local  v e r t i c a l "  coordinate frame. This 
local  v e r t i c a l  system i s  or ig inated a t  the exposure s t a t i o n  
with the i2 a x i s  d i rec ted away from the  e a r t h  along the ~ o r m a l  
t o  the spheroid which passes throubh the or ig in .  The l - Y  plane 
i s  tangent t o  the  normal a t  the o r ig in ,  with the +X a x i s  d i rec -  
ted toward north and +Y 90' t o  the e a s t  s o  a s  t o  form a  r igh t -  
handed rectangular system. 

I n  order t o  def ine  the photo p i t ch ,  r o l l  and heading or ien-  
t a t i o n  angles i n  terms of t h i s  system it i s  f i r s t  necessary t o  
define a  photo-based coordinate system f o r  each system. Since 
the S19OA and S190B cameras $0 not possess c l a s s i c a l  photogram- 
metric f i d u c i a l  systems, the photo system must be defined d i f -  
f e ren t ly  for  each system. 

S190A - Th? i n t e r n a l  reseau system i s  u t i l i z e d  t o  de- 
f i n e  the S190A >hot0 coordinate system, a s  depicted i n  
Figure 8.1.2-1 fo r  a f i r s t  generation pos l t i v e  (d iaposi t ive) .  
With the photo positioned emulsion up and the  imagery i n  
the d i r e c t i o n  of f l i g h t  s i t u a t e d  toward the r i g h t ,  the 
system is or ig inated a t  the  center  reseau with the  +X a x i s  
al igned w ~ t h  the two outside resrau marks i n  the  middle 
row. The +X ax i s  i s  t o  the r i g h t ,  i n  the  d i r e c t i o n  of the  
f l i g h t ,  and +Y i s  toward the top,  normal t o  the X-axis a t  



the cen te r  reeeau. The Z a x i s  is normal t o  the  plane of 
the photo a t  the  center  reseau, plus d i rec ted  away from 
the  emulsion s ide .  

S190B - The S190B photo-coordinate system i s  shown i n  
Figure8.1.2-2. It is or ig inated a t  t h e  pr incipla  point of 
the  photo, a s  defined by a n a l y t i c a l  s t e l l a r  ca l ib ra t ion .  
With the d iapos i t ive  photo positioned emuls ion up and the  
imagery i n  the  d i r e c t i o n  of f l i g h t  s i t u a t e d  t o  the  r i g h t ,  
the +X photo a x i s  passes through the  middle dot  f i d u c i a l  
on the  leading and the  t r a i l i n g  edge. The +X a x i s  i s  t o  
the  r i g h t ,  i n  the d i r e c t i o n  of f l i g h t ,  and +Y is toward t h e  
top, normal t o  X a t  the or ig in .  The photo Z a x i s  is normal 
t o  the  plane of the photo a t  the  o r ig in ,  plus d i rec ted  away 
from the emulsion. 

I n  terms of these  systems, the  "local  v e r t i c a l "  o r i e n t a t i o n  
angles a r e  defined a s  follows: 

Pi tch  - A component r o t a t i o n  about the Y photo coordi- 
nate  system which def ines  the  a t t i t u d e  of the  +X photo 
a x i s  r e l a t i v e  t o  the hor izonta l  X-Y plane. A pos i t ive  p i tch  
corresponds t o  +X above the  loca l  hor izonta l ,  i.e., nose up. 

Roll  - A component r o t a t i o n  about the  X photo coordi- 
nate  system which def ines  the a t t i t u d e  of the +Y photo a x i s  
r e l a t i v e  t o  the  plane of the  hor izonta l  X-Y plane. A posi- 
t i v e  p i t ch  corresponds t o  +Y above the  l o c a l  hor izonta l ,  
i.e., l e f t  wing up, 

Heading - The azimuth of the  +X photo a x i s  measured 
posi t ive  clockwise from t r u e  north.  

Figure 8.1.2-3 graphical ly  depic ts  the l o c a l  v e r t i c a l  p i tch ,  
r o l l  and heading angles f o r  the  f i v e  S190A and the  nine S190B 
exposures t r iangula ted  i n  the  LOSAT reduction. 

The somewhat e r r a t i c  behavior of the S190B pi tch  angle i s  
explained by the nature  of the operation of t h i s  camera's imege 
motion compensation mechanism. The camera i s  pitched about an 
a x i s  which i s  nominally normal t o  the d i r e c t i o n  of the  f l i g h t  
i n  order t o  accomplish the  imege motion compensation. The t o l -  
erance (or  va r i a t ion)  on the pulse t o  ac tua te  the  focal  plane 
s h u t t e r  i s  s u f f i c i e n t  t o  account f o r  the va r i a t ions  experienced 
i n  the S190B pi tch  angles r e l a t i v e  t o  those of the fixed-mounted 
S190A. 



A d i f f e rence  f o r  each of t he  component " in ter lock"  angles  
was determined by l i n e a r l y  i n t e r p o l a t i n g  t h e  S190B o r i e n t a t i o n  
angles  t o  t h e  f i v e  times of  S190A, d i f f e renc ing  t h e  values f o r  
each angle  and averaging. This r e s u l t e a  i n  t h e  fol lowing d i f -  
fe rences  (S190B r e l a t i v e  t o  S190A): 

P i t ch  -6'  48" + 2 '  ( l o  ) 
Roll  -23'53'' lf: 2 '  (1  o ) 
Heading +14'311' 2 4 5 ' ( 1 0  ) 

This t rans la tesotc ;  a  d i s t a n c e  of 3176 363m ( l o  ) meters 
a t  an aximuth of 123 on the  s u r f a c e  of t he  e a r t h ,  between the  
i n t e r c e p t s  of the S190B and t h e  S19OA pr inc ip l a  poin ts .  The 
S190B p r inc ipa l  point f a l l i n g  t o  the r i g h t  and ahead of t h e  S190A 
p r inc ipa l  point .  

8.2 SL3 Poin t in9  Accuracy Evalua t ion  - This s e c t i c n  b a ~ l -  
c a l l y  presents  a d u p l i c a t i o n  of t he  var ious  comparisons de* c r ibed  
i n  Sec t ion  8.1, t h i s  time u t i l i z i n g  photographic imagery a td 
SKYBET da ta  from the  SL3 mission. 

8.2.1 Ground Pos i t i on ing  Er ro r s  - Ground pos i t i on ing  e r r o r s  
f o r  one s h o r t  pa r t i on  of t h e  SL3 mission were determined i n  a  
manner s i m i l a r  t o  t h a t  presented i n  Sec t ion  8.1.1. A s t a t i s t i -  
ca l l y  r igorous simultaneous photogrammetric adjustment was per- 
formed on a s t r i p  of S190A and a s t r i p  of S190B photography ac-  
qui red  over a  common area  during the  same o r b i t a l  pass. 

These photographs cons is ted  of f i v e  frames of S190A da ta  
(47-277 through 47-281) from camera s t a t i o n  5 ,  and seven frames 
o f  S190B da ta  (87-263 through 87-269) acquired dur ing  o r b i t  52 
over southern Louisiana. 

Unless otherwise noted,  procedures employed t o  reduce these  
da t a  were a s  d e s c r ~ b e d  i n  Sec t ions  8.1.1. Ground c o n t r o l  was 
from 1:250,00P s c d l e  USGS maps. 

The r e s u l t s  of t h i s  photo t r i a n g u l a t i o n  were completely 
cons i s t en t  with those  obtained from the  SL2 t r i a n g u l a t i o n  . The 
rms mean e r r o r  of t h e  photo r e s idua l s  was 8.5 micrometers (vs 
8.2 for  SL2). I n  a l l  o the r  r e spec t s ,  t he  r e s u l t s  were comparable 
t o  those of t h e  SL2 adjustment. 

Change 1 - October 25, 1974 



6. .?.2 S190A and S190B Pointing Angle Difference8 - Again, 
a procec~lre similar t o  that employed for  SL2 data war utilimed 
for  t h i r  ,*ortion of the evaluation. The "local ver t ical"  or i -  
entation angler for  the f ive  S190A and the sewn  S190B frm-8 
a r e  plotted in  Figure 8.2.2-1. Reduced t o  individual "average 
differences", via the procedure detailed 4.n Section 8.1.2, the 
orientation of S190B re la t ive  t o  S19M war: 

Pitch - 1' 48" 2 2' (1  0 ) 
Roll -22' 21'' + 2' ( 1 0  ) 
Heading +18' 14" 2 45'(1 0 ) 

This t ranslates  t o  a distance of 2821 meters 2 385m ( 1  J ) 
as  compared with 3176 meters f 363 meters (1 o ) for  the SL2 
triangulation. The 355 meter difference f a l l s  within the s t a -  
t i s t i c a l  uncertainty i n  the rwo values. 

It should a l so  be noted that  a r ign i f icant ,  but undetermin- 
able,  portion of t h i s  difference can be a t t r ibu tab le  t o  varia- 
t ions i n  the principal point location from film magazine t o  f ih 
magazine (see Actron Indus t r i e s  report en t i t l ed  "Engineering 
Report, Earth Terrain Camera, Metric C a p a b i l i t i e ~  Study" dated 
19 July 1972 for  a detailed discussion of th i s  variation). The 
anticipated variations i n  principal point can range up t o  about 
.150 mm. For relat ively narrow cone angles, however, such a 
s h i f t  in  the principal point can be perfectly absorbed or metri- 
ca l ly  compensated for  by a t ranslat ion i n  the exposure s ta t ion  
and/or small angular changes in  the pitch and r o l l  components of 
camera orientation. Since LOSAT confines the exposure s tat ions 
t o  l i e  on an orb i ta l  arc ,  any error  i n  the principal point w i l l  
l ike ly  be compensated by orientation changes rather than by 
positional displacement i n  the crosstrack ( ro l l )  direction. 
The intrack component (pitch) however w i l l  be compensated by a 
movemest of the exposure s t a t i on  along the orb i ta l  a rc  rather 
than by a pitch change. 

8 .3  S U  Pointing Accuracy EvaluaLjs  - This section, 
except where noted, presents a duplication of the various 
comparisons described in  Section 8.1. 
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8.3.1 Ground Posi t ioning Errors  - No comparison was made of 
the SL4 r e s u l t s  of phototriangulation ana ly r i s  of S190A frames 
with the corresponding SKYBET photo support data ,  Due t o  gyro 
d r i f t  dur!ng the mission the SKYBET d a t a  was deemed s u f f i c i e n t l y  
biased and e r r a t i c  t o  negate any meaningful ground ~ s d i t i o n i n g  
accuracy evaluation,  

8.3.2 S-190A and S-190B Pointing Angle Differences - 
S t r i p s  of S-190B photography from the same o r b i t a l  revolution,  
and covering approximately the  same ground scene a s  the 5-photo 
s t r i p s  of S-190A photography, were employed t o  determine the 
angular pointing di f ferences  ("interlock angles") between the 
s t a t i o n  5 camera of  the S-190A configuration and the S190B 
camera. A s t r i p  i n  the  v i c i n i t y  of southern Miss iss ippi ,  a s  
depicted i n  Figure 8.3.1-1, was used f o r  the  St-4 mission. 

LOSAT ana ly t i ca l  t r i angu la t ions  were performed with the 
S-190A and S-190B photographs over a  common area  being held to  
a common o r b i t a l  arc .  The mensuration procedures, control  
sources, observational  weights, e t c ,  were the  same a s  those 
described i n  sec t ion  8.1.2. 

A l l  t h ree  of the LOSAT t r i angu la t ions  converged to  
cons i s t en t ly  s imi la r  r e r u l t s  with nns e r r o r s  of the photo 
res idua l s  on the control  and pass points  ranging between 8  and 
9 micrometers. Figure 8.3.2-1 depic ts  the  l o c a l  v e r t i c a l  
p i t ch ,  r o l l  and heading angles f o r  the t r iangula ted  S-190A and 
S-190B exposures. 

A d i f ference  f o r  each of the  component "interlock" angles 
was determined fox each mission by l i n e a r l y  in te rpo la t ing  the 
S-190B o r i e n t a t i o n  angles t o  the time8 of S-190A, d i f ferencing 
the values f o r  each angle and averaging. The r e s u l t a n t  averaged 
di f ferences  produced an o r i en ta t ion  of S190B r e l a t i v e  t o  S190A 
of:  

Pitch 11 ' 24" 
Roll -17' 24" 
Heading 17' 34" 

The corresponding ground dis tance  between p r inc ipa l  points  was 
2637 meters. These di f ferences  a r e  contamidated by the e r r a t i c  
f luc tua t ions  i n  the  S190B pi tch .  
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Figure 8.1.1-1 Comparieon of S i i B L l !  S190B Photographic Footprint and 
Footprint Dcrived iron Photogremetric F i t  to Ground 

Cmtrol (SU) 



DIRECTION OF FLIGHT 

Figure 8.1.2-1 S1WA Photo Coordinate System (Stat lor,  5 ,  
d i s p c k i i  ttvr:, cwlsion u?? 

d.. 

i 



DIRECTION OF FLIGHT , 

Figure 8.1 .2-2 S190B Photo Coordinate System ( d i r p o r i t i v u ,  
emulsion up) 
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WIATIVE TIME (SECONDS) 

RELATIVE TIME (SECONDS) 

Figure 8.1.2-3 S190A (Station 5)  and S190B Camera Orientation 
Angles ab Oetermined Photcrgrcrmmf.tricaily by 
Riqornur; Sieiulta~ ecus t'it to  Groutld Control. 
(Skylab 2 ,  ERE? Pas8 7, Track 33) 
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REIATIVE TIME (SEC) 

47' L t + t - c + + ~  I I 4 o 5 10 15 20 25 30 35 46 4; 50 
mIATIVE TIME (SECj 

Figure 8.2.2-1 3190A ( S t a t  i o n  5)  and S190B Camer~ Or Lentat ion 
Angles a s  Determ;t~ed Pi~otogramwtrice'!.iy by 
Rigorous S i a u i ~ d r ~ e o u s  Y i c  i u  Ground Cant ro l  
(Skylab 3 ,  pass 5 2 )  
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Relatlve Time (eec) 

Figure 8.3.2-1 S190A (Station 5) and S190B Camera Orientation Angles 
a8 Detemlned Photogrammatricall~ by Rigorour Simltaneoue 
Fit to Ground Control (Skylab 4) 
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9. FILM SENSITIVITY CALIBRATION (SPE-S190B-007, J&C/PTD) 

This sec t  ion describes and presents the photographic c a l i -  
bration data generated by the Johnson Space Center/Photographic 
Technology Division (PTD) i n  support of the S190B Seneor Per- 
f ormance Evaluation. 

9.1 S190B Film Description - The following defines the 
f i lm/ f i l t e r  combinations t o  be used i n  the S190B camara rystem. 

9.1.1 Kodak Aerial Color (High Definition) SO242 - A day- 
light-balanced color reversal film with high contrast and good 
color saturat ion character is t ics .  It has extremely f ine  grain 
which allows for  high resolving power and definition. 

9.1.2 Kodak Aerochrome Infrared Film 3443 - This film has 
a "false color" reversal emulsion and is designed for  a e r i a l  
photography and remote sensing applications where infrared d is -  
crimination i s  required. False color films d i f f e r  from ordinary 
color fi lm i n  that  the three layers a r e  sensitized t o  green, red, 
and infrared radiation instead of the usual blue, green and red, 
normally used for rendition of the v is ib le  spectrum.. 

9.1.3 Kodak High Definition Aerial Film 3414 - An extremely 
f ine-grain, slow-speed, panchromatic, negative a e r i a l  camera 
film. This fi lm has high d,,finit ion and extended red sens i t iv i ty  
for  the reduction of atmospheric-haze effects .  

9.1.4 F i l t e r s  - There a re  s i x  neutral density and/or spec- 
tral-shaping f i l t e r s  used with the S190B Earth Terrain Camera. 
The f i l t e r s  a re  required t o  control exposure of films S0242, 
3443, and Xi4 which cannot be correct ly  exposed by use of the 
fixed £14 lens aperture and shut ter  speeds alone. The charac- 
t e r i s t i c s  of each f i l t e r  a r e  l i s t e d  below: 

F i l t e r  - Effective "f" Number 

Wratten 12 4.0 
Wratten 12 6.7 
Wratten 12 8.0 
Wratten 12 11.0 

Neutral Density 5.6 
Neut ra 1 Density 6.7 

he spectral  transmittance for  each f i l t e r  i n  the 4000 t o  
region i s  presented in  Table 9.1-I.* - 

* Reference: MSC-01549(Vol. 1)  Rev. A ,  S190 Operational Data Book 
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9.2 Frame I d e n t i f i c a t i o n  Procedures - 
f i lm is i d e n t i f i e d  outs ide  the  usable frame 
individual  f  rames a s  shown i n  Figure 9.2-1. 
mission a r e  a s  follows: 

Mission Roll Number Film Tvw 

Each frame of S190B 
a ree  adjacent t o  the  

Roll numbers by 

Canis t a r  Number 

S0242(Hi Res Color) 
3414 (W I R )  
SO242 
SO242 
34 14 
SO242 
3443 (Color IR) 
SO242 
34 14 
Sb-42 
SO242 
SO242 
SO131 
SO242 

CTO 7 
BWOl 
CT03 
CT04 
BW02 
CT08 
IRO2 
CT09 
BW03 
CT 10 
CTll 
CT 12 
IR03 
CT13 

The frame number is a th ree -d ig i t  number, beginning on ;ach 
r o l l  with 001 and running consecutively through the  r o l l .  

9.2.1 Color Reversal Film - To i d e n t i f y  the frames of 
o r i g i n a l  color  r eversa l  f i lm,  i t  was necessary t o  perfora te  the  
i d e n t i f i c a t i o n  in£  ormat ion outs ide  the  frame. Actual perfora t ing 
was accdmplished by manual~y a l igning the  individual  frames i n  
a preset  perforating machine. Because of the  design character-  
i s t i c s  of perfora tors  and the l imited space ava i l ab le  outs ide  
the frame area  on the  S190B fi lms,  i t  was necessary t o  apply the  
information i n  two s tages .  

a .  In  the f i r s t  s t age ,  the  f i lm was perforated with 
the word "NASA" and the apprcpr ia te  mission 
number. 

b. In  the second s tage ,  the f i lm was perforated 
with the  r o l l  number and frame number. 

9.2.2 Black and White Film - The B&W fi lms afford  a c l e a r  
border t h a t  lends i t s e l f  t o  i d e n t i f i c a t i o n  by hot press techniques 
by use of Brownsville tape. 
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9.3 S190B Photographic Processing Cont ro ls  - Each primary 
processing s o l u t i o n  was analyzed chemically. The ana lyses  were 
t hen  compared a g a i n s t  t h e  s tandards  s e t  f o r t h  by t h e  PTL Q u a l i t y  
Cont ro l  Department. 

For each  of t h e  f l i g h t  f i lms  processed,  a s e r i e s  of f i v e  
s ens i tome t r i c  c o n t r o l  s t r i p s  of t h e  f l i g h t  emulsion were processed. 
A t  t h e  completion of t h e  process ing ,  t he  s t r i p s  were read on t h e  
MacBeth TD217DR densi torneter ,  t he  poin ts  averaged ( s t e p  by s t e p ) ,  
and the  r e s u l t a n t  average p lo t ted .  A t  t h i s  po in t ,  t he  r e s u l t a n t  
p l o t  was compared t o  a p rees t ab l i shed  process c o n t r o l  curve. 

Appropriate  procedures were followed £0: mechanical c e r t i -  
f i c a t i o n  of each processor .  F i n a l  approval  on f i l m  and chemistry 
c e r t i f i c a t i o n  was made by t h e  NASA and c o n t r a c t o r  personnel of 
t h e  SP3. 

9.3.1 S190B F l i g h t  Film Processing - The processing 
( n f i g u r a t i o n  and to l e r ances  f o r  the S190B f l i g h t  f i l m s  a r e  l i s t e d  
i n  Table 9.3-1. 

9.4 Sensi tometry - Sensi tometry is  t h e  measurement of t h e  
response of photographic m a t e r i a l s  t o  r a d i a n t  energy. I n  order  
t o  use photographic s enso r s  a s  radiometers ,  i t  is  necessary  t o  
have a n  adequate understanding of t h e  input  and output  v a r i a b l e s  
used t o  s p e c i f y  t h e  response of photographic f i lms .  

9.4.1 Input  Var iab les  - The energy received by a phot9- 
g :aphic m a t e r i a l  can  be s p e c i f i e d  i n  two types of u n i t s  - rad io-  
mc!tric and photometric.  Radiometric u n i t s  s p e c l f y  t h e  abso lu t e  
auount of energy rece ived ,  independent of t h e  response of t h e  
d e t e c t o r .  These u n i t s  a r e  p re fe rab l e  when photographing s u b j e c t s  
i n  narrow s p e c t r a l  bands o r  i n  t h e  nonv i s ib l e  regions.  Thus, 
rad iometr ic  u n i t s  must be, used f o r  any m u l t i s p e c t r a l  photography. 

2 Typical  u n i t s  a r e  ergslcmL o r  watts lcm . 
Photometric u n i t s  s p e c i f y  t h e  v i s u a l  s ensa t ion  of inLens i ty ,  

i . e .  the  v i s u a l  b r igh tnes s  of a scene. These u n i t s  a r e  sometimes 
used when t h e  s p e c t * * l  band of t h e  sensor  is  comparable t o  t h e  
s p e c t r a l  band of human v i s i o n ,  i . e .  400nm t o  700nm, o r  t h e  sub- 
j e c t  being photographed is  c l o s e  t o  a s p e c t r a l  n e u t r a l .  Photo- 
me t r i c  u n i t s  a r e  s t i l l  employed i n  t he  c a l c u l a t i o n  of f i l m  speeds ,  
s i n c e  they a r e  r e l a t i v e l y  easy  t o  measure and c o r r e l a t e  we l l  
wi th  t h e  f i l m ' s  response t o  broadband day l igh t  i l luminat ion .  

2 Typical  u n i t s  a r e  meter-candle-seconds o r  lumens/m . 
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9.4.2 Output Variables - The most common un i t  fo r  specify- 
ing the  response of photographic mater ia ls  is density.  This is 
defined a s  the negative logarithm of transmittance: 

energy transmitted by f i lm 
D P -logl0 T -logl0 

energy indicent on f i lm 

This u n i t  best  represents the manner i n  which f i lm responds t o  
brightness r a t i o s  - equal br ightness  r a t i o s  produce equal  densi ty  
d i f ferences  (within the l i n e a r  resnonse range of the f i lm) .  

!Jhen using a camera a s  a radiometer, densi ty  i t s e l f  is of 
l i t t l e  i n t e r e s t .  It is the  re la t ionsh ip  of densi ty  t o  exposure 
t h a t  i s  important. This r e l a t ionsh ip  i s  spec i f i ed  by the f i lm ' s  
c h a r a c t e r i s t i c  curve. 

9 .4 .3  Character is t ic  Curve - Variously known a s  the  D-log 
E curve or H69 curve ( a f t e r  i t s  o r ig ina to r s ,  Hurter and D r i f f i e l d ) ,  
the c h a r a c t e r i s t i c  curve i s  the most common way of presenting a 
f i lm ' s  s e n s i t o w t r i c  response. 

The curve i s  constructed by p lo t t ing  densi ty  as  a function 
of the logarithm of the  exposure necessary t o  prcduce t h a t  density.  

Shoulder , 

Straiqlrt 
Line 

Toe -- 
LoglO Exposure 
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The f i g u ~ d  shown previously  i l l u s t r a t e s  t h e  t h r e e  s e c t i o n s  
of t h e  c h a r a c t e r i s t i c  curve.  

Toe - t h i s  i s  t h e  reg ion  from threshold  f i l m  response t o  - 
t h e  beginning of t h e  s t r a i g h t  l i n e  portion.  The r e l a t i o n s h i p  of 
d e n s i t y  t o  log exposure i s  non- l inear  wi th  an  inc reas ing  g rad ien t .  

S t r a i g h t  Line - t h i s  i s  t h e  region of l i n e a r  f i l m  response. 
Equal b r igh tness  r a t i o s  produce equal  d e n s i t y  d i f f e r e n c e s .  

Shoulder - i n  t h i s  region t h e  response a g a i n  becomes non- 
l i n e a r  a s  the  f i l m  reaches maximum dens i ty .  The g rad ien t  de- 
c r e a s e s  wi th  inc reas ing  exposure. 

Gamma - Gamma is t h e  s lope  of t h e  s t r a i g h t  l i n e  por t ion  of - 
D-log E curve. Higher gammas produce g r e a t e r  v i s u a l  c o n t r a s t  
and b e t t e r  d i s c r i m i n a t i o n  of small  r e f l e c t a n c e  d i f f e r e n c e s .  

I n  p r a c t i c e  most good exposures f a l l  on t h e  s t r a i g h t  l i n e  
and the  upper por t ion  of t h e  toe.  Only severe  overexposure pro- 
duces d e n s i t i e s  i n  t h e  shoulder .  

9 . 4 . 4  Sensitometer - A sensi tometer  i s  used t o  apply  a n  
a c c u r a t e l y  known c a l i b r a t i o n  exposure t o  f i lm.  It b a s i c a l l y  con- 
s i s t s  of t h r e e  p a r t s .  

An a c c u r a t e l y  c o n t r o l l e d  l i g h t  source  of known 
s p e c t r a l  energy d i s t r i b u t i o n ,  u s u a l l y  a high 
i n f n i ~ s  i t y  incandescent lamp. 

A device  f o r  c o n t r o l l i n y  ;he time of exposure. 
One of t h e  most a c c u r a t e ,  and t h e  one used i n  
PTD's I - B  sens i tom=ter ,  is  a r o t a t i n g  drum with  
a s e r i e s  of s l i t s .  The d r u l  i s  d r i v e n  by a 
synchronous motor, and a timing c i r c u i t  opens a 
capping s h u t t e r  when the  proper s l i t  passes 
ac ross  t h e  exposure plane. 

An i a t e n s i t y  modulator. I n  t h e  I - B  sensi tometer  
a 21-s tep  carbon t a b l e t  i s  used. The nominal 
d e n s i t y  v a r i e s  from 0.15 t o  3.15 i n  0.15 d e n s i t y  
increments,  producing 21  l e v e l s  of exposure a t  
0.15 log exposure i n t e r v a l s .  

The I - B  sensi tometer  is  c a l i b r a t e d  in  both 
radiometr ic  and photometric u n i t s .  Inc iden t  ex- 
posure i s  known o r  can be c a l c u l a t e d  f o r  va r ious  
f i l t e r  combinations. 



9.5 S190B Seneitometry - S e n s i t m e t r i c  c a l i b r a t i o n  expoeuree 
a r e  placed on a l l  o r i g i n a l  f i lm f o r  two purposes. One i e  t o  pro- 
vide a check on processing and sensi tometr ic  e f f e c t s  such ae 
s s n s i t i v i t y  loss  and l a t e n t  fmage f a i l u r e .  A second purpose i e  
t o  allow conversion of image dens i ty  t o  image exposure. 

9.5.1 Sensitometry and Spec t ra l  S e n s i t i v i t y  - Two types of 
ca l ib ra ted  sensi tometr ic  exposuree a r e  applied t o  a l l  S-190B 
film. One i s  ail i n t e n s i t y  modulated exposure t o  a simulated 5 5 0 0 ~ ~  
source f i l t e r e d  by a broadband Wratten f i l t e r  simulating the  
f l i g h t  f i l t e r .  The second i s  a s p e c t r a l  sens i tometr ic  exposure 
t o  a ca l ib ra ted  source t o  determine the f i lm response a s  a func- 
t i o n  of wavelength. The parameters of these  exposures a r e  l i s t e d  
i n  Table 9.3-1. 

Following the  p re f l igh t  sens i tometr ic  app l i ca t ion  f o r  the 
f l i g h t  r o l l s ,  a piece of f l i g h t  f i lm of s u f f i c i e n t  length t o  ac-  
cept  two sensitometric exposures was exposed and re ta ined a s  a 
Houston con t ro l  film. The s t r i p s  were placed i n  l i g h t - t i g h t  cans, 
i d e n t i f i e d ,  sealed with black v iny l  tape,  and s tored a t  room 
temperature. 

9.5.2 Arrangement of Pre- and Postmiesion Sensitometry - 
The pre- and postmibsion sensitometry was applied t o  the  S-190B 
f i lm a s  follows: 

Pr ior  t o  the app l i ca t ion  af the premission sensitometry,  25 
f e e t  of f i lm was cu t  off the head end of each r o l l  of f i lm types 
3443 and 50-242. 

fhe sensi tometr ic  exposures were made on each r o l l  of f i lm 
pr ior  t o  f l i g h t  and upon rece ip t  of the  f i lm a f t e r  mission accord- 
ing t o  the i l l u s t r a t i o n  of Figure 9.5-1, 

9.5.3 "Houston Control" Pre- and Postmission Sensitometry - 
Following the sensi tometr ic  app l i ca t ion  proctdure3 fo r  the  f l i g h t  
r o l l s ,  - piece of f l i g h t  f i lm of s u f f i c i e n t  l rngth  t o  accept two 
sensitometric exposures, was exposed and retained a s  a "Houston 
Control". The s t r i p s  were placed i n  l i g h t - t i g h t  cans, i d e n t i -  
f i e d ,  sealed with black v iny l  tape,  and s to red  a t  room tempera- 
ture .  The exposures were presented on these  s t r i p s  i n  the man- 
ner shown i n  Figme 9.5-2, 

9.6 SL2 S l 9 B  Sensitometric Data - The oensitometric data  
f o r  SL2 i s  not contained i n  t h i s  document due t o  the  volume of 
the data .  This data  can be found i n  the  following repor ts :  



SL2 Sens i tometr ic  Data Package, Report Number JL12- 
502, 26 J u l y  1973. 

Skylab I (112) Sens i tometr ic  Summnry, Report Number 
TR73-3, September 1973. 

The Sensi tc  n e t r i c  Data Package i t s e l f  conta ins  a b r i e f  ex- 
p lanat ion  of sens i tometry ,  t h e  Skylab S-190B sens i tome t r i c  d a t a ,  
t he  procedures f o r  c a l c u l a t i o n  of exposure using S190B s e n s i t o -  
met r ic  d a t a ,  s p e c t r a l  sens i tometry  d a t a ,  c a l c u l a t i o n  of t a r g e t  
radiance and abso lu t e  log exposure values.  The Appendices t o  
t h e  package includes:  (A) Process C e r t i f i c a t i o n ,  (B) Or ig ina l  
Pre- and Post-Sensitome' ry ,  (C) Houston Control  Pre- and Post-  
Sensi tometry,  (D) S190B Duplicate Dens i t i e s  and (E)  S r e c t r a l  
Sensitometry Report. The Skylab I (112) Sens i tometr ic  Suaunary 
presents  t h e  sens i tome t r i c  d a t a  obtained from a l l  r : j l l s  of Sky- 
l ab  I o r i g i n a l  f i l m  conta in ing  the  sens i tome t r i c  exposures app l i ed  
by PTD and i d e n t i f i e s  by appropr i a t e  supply and tak?-up magazine 
numbers, t h e  amount of r a d i a t i o n  and t h e  change i n  Daex or  Base 
+ Fog due t o  hea t  and r a d i a t i o n  f o r  each r o l l  of o r i g i n a l  f i lm.  

9.7 SL3 S190B Sens i tometr ic  Data - Due t o  the  excess ive  
volume of t he  SL3 S190B sens i tome t r i c  d a t a ,  i t  could not  be in -  
cluded i n  t h i s  document. It can however, be found i n  t h e  f o l l o w  
ing documents : 

SL3 Sens i tometr ic  Data Package, Report Number JL12- 
503, 23 November 1973. 

Skylab I1 (3) Senqitometric  Summary, Report Number 
TR73-4, November 197 j .  

9.8 SL4 S190B Sens i tometr ic  Data - As was the case f o r  the 
previous Skylab missions,  t he  volume of s ens i tome t r i c  d a t a  f o r  
S L ~  ?rec ludes  i t s  i ~ c l u s i o n  i n t o  t h i s  document. T%is da t a  has ,  
however, been provided t o  each S190 P r i n c i p a l  I n v e ~  . i g a t o r  under 
s epa ra t e  covers: 

(1) SL4 Sens i tometr ic  Data Package, Report Number 
JL 12-505, June 1974. 

(2)  Skylab 111 (4) Sens i tometr ic  Sunmary, Report Number 
TR 74-2, June i974. 

To save paper usage and document handling,  the  SL4 Sens i tometr ic  
Data Package was d i s t r i b u t e d  on microfiche.  The package contained 
900 pages and d i s t r i b u t i o n  was made t o  200 people a s soc ia t ed  with 
Skylab. 
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POST PRE I 

O punched f o r  I.D. 
No. 1. - Pre- and pstnission sensi.tometry i a z o r p r a t i n g  m e  

of t he  broad b m d  f i l t e r s  t o  be used on t h e  mission. 
NO. 2. - me- and postmission spectral sensitivl t y  exposures. 

Figure 9.5-1 S190B Pre- and Postmission Sensitometry 
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O punched f o r  I.D. 

No. 1. - Pre- and Postmission s e n s i t o m t r y  incorporat ing 
one of t he  broad band f i l t e r s  to  be used on the  
mission. 

NO. 2. - Pre- and postmission spectral s e n s i t i v i t y  exposures. 

Figure 9.5-2 ' ~ o u e t o n  Control1 Pre- and Postmission Sensitometry 



APPENDIX A 

S190B U.S. and World-wide Data Take Map8 

Change 1 - October 25, 1974 



Area - - Sheet Mission 

United S t a t e s  

World Wide 

S190B Skvlab Data Take Maps 

It should be noted t h a t  the EREP pass numbers used 
i n  the present repor t  a re  sequent ia l  throughout a l l  of 
the Skylab missions. However, the EREP pass numbers shown 
on the  data  take maps i n  t h i s  Appendix s t a r t  a t  one f o r  
each Skylab mission. To a l l e v i a t e  confusion, a cross  
index between the  two designations is  given i n  Appendix B. 

A-2 

Change 1 - October 25, 1974 





































The following cross  index has  been compiled t o  a l l e v i a t e  
the  confusion between the  passes designated a s  EREP passes 
In  t h i s  document and those designated a s  EREP passes on t h e  
data  take maps shown i n  Appendix A ,  The f i r s t  colunn conta ins  
the EREP pass nunber used i n  the  present  document. The 
second column, designated SL-X PASS conta ins  the  number used 
f o r  thc  EREP passes on the  Data Take maps. For reference  
purposes the t h i r d  column conta ins  the  day of the year t h e  pass 
was made, and the  four th  colu~nn conta ins  the  t r a c k  number which 
I s  a l so  shown on the maps i n  Appendix A. 

Change 1 - October 25, 1974 

EREP 
PASS 

1 
2 
3 

TRACK 
NO 

20 
6 3 

6 

i 

19 
34 
49 

19 
33 
48 

61 
5 

20 
\ 

- - 

SL-2 
PASS 

1 
2 
3 

155 
156 

AVA 157 

DOy 

150 
15 3 
154 

6 
7 
8 

9 
10 
11 

165 

6 
7 
8 

9 
10 
11 

-- 
160 
16 1 
162 

163 
164 
165 
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Change 1 - October 23, 1974 



Change 1 - October 25, 1974 
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18 1 5 3A 
19 3 10 
2C 4 2 9A - 
2 1 6 5 7A 
LC- 2 7 69 
22 7 7 1A 

(1) An A after the track number i n d i c a t e 8  
an ~ s c e n d i n g  pass. 

(2) PAG - Paragcay 

Change 1 - October 8, 1974 



ERI5P SL-4 DOY  TRACK(^) 
PASS PASS NO. 

i -*-- 

(1) An A a f t e r  the track number indicates 
an ascendins pass. 

Change 1 - October 25, 1974 




