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i, INTRODUCTION

The Large Format Camera (LFC) is designed as a 30-centimeter-focal-length cartographic
camera system that employs forward motion compensation in order to achieve the full image
resolution provided by its 80~degree field angle lens. This study was undextaken to assess the
feasibility of application of the current LFC design to deployment in the Orbiter program as the
Orbiter Camera Payload System (OCPS), and to define the changes that are nscessary to meet
such 2 requirement, The secondary goal of this assessment process has been to evaluate
current design and any proposed design changes, relative to possible future deployment of the
LFC on a free-flyer vehicle or in a WB-57F.

The additional goals of this study activity were to derine the preliminary interface require-
ments for the LFC in terms of:

1, Structural and mechanical

2. Environmental

3. Power

4, Electrical

5. Funectional

6. Instaliation

1. Ground support

8, Mission parameters.

1-1
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2. PROGRAM SUMMARY

Study activily commenced by comparing the physical and funetions. fentures of the current
LY¥C design with the desired featuras for the OCPS, The fealures to be sddsd to the design
were:

1, Film load increased from
610 {o 1, 220 meters

2.  HEnd-of-operation mavker

3. Film-change detector

4, Chromatic filter changer

Exposure sensox

Thermal door and shroud
Extended command set

. TM™ generation and conditioning
. Self-test logic

wm_—:tcnm

Having ascertrined the extent of new features, the LIC design layouts were modified to
incorporate these features, In this moedifieation process, the evolving LIFC envelope was evalu-
ated relative to mounting compatibility in the BERNO pallet, in the standard test rack, on the
MMS mounting ring, and in the WB-5T7F pallet.

During the establishment of the mechanical configuraticn, a separate activity defined both
the internal and the external intercennections required for the OCPS.

At this juncture in the program, a meeting was convened at NASA-~JSC to discuss inter-
face ideas and options with JSC discipline experts in the areas of electrical, structural, thermal,
and general functional interfaces.

After the completion of hardware-related interface definition, study activity turned to
typical space mission interface definition, Investigations here centered around orbits with
inclinations of 28,65, 57, aud 70 degrees, and those compatible with sun-synchronous orbits at
varying altitudes. The parameters evaluated were:

] The altitudes for each inclination where earth coverage at the equator will be
ontimized

] The sensitivity in altitude achievement as relates to "gap" generation in the equa-
torial coverage

. LFC exposure time requirements relative to solar altitude for various film/filter/
processing combinations

. LIFC film selection merit-order relative to dynamic resolutions where the variables
ave solar altitude and vehicle attitude rates
] Geographically-related illumination conditions to be expected during a mission for
launch times varying both over the year and over the day
. Photographic coverage characteristics as related to geographical arens and film
utilization
2-1



. Activity and power consumption timelines for typical missions
and, finally,
- Geographically-related climatological conditions to be expected during a mission
for launch times varying over the year and over the day.

In the context of this program swmmary, we wish {o extend our appreciation to the Tech-
nical Contract Monitor, Mr. B.H. Mollberg, for his timely support in technical liaison matters
and in the provision of pertinent technical documentation.
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3. DISCUSSION

3.1 LFC CONfIGURATION AND INTERFACE REQUIREMENTS

8.1.1 "Current Design Status'

Al the start of this stedy nctivity the "current design status" of the L¥FC, a derivative of
the Metritelk-30 aireraft camera design, incorporated the following features:

A 30, b~centimeter cartographic lens
A rotary shutter
Interchangeable chromatic filters attached to the front of the lens cell

A pressurizable and insulated lens cell enciosure incorporating active heating
binnkets to ensure constant and consistent control of the refructive properties of
the lens

A pressure- and tempervature-controlled film magazine providing for vacuum
clamping of the film, cam-driven forward motion compensation, mission dain
amnotntion, and a film capacity of 630 meters

An electronic control box capable of accepting overlap, V/h, exposure time and
start/stop commands, and producing all eamera control functions.

In ordexr to bring the above-described configurations to a state consistent with general
space application, the LI'C design required numerous internal design changes; but only a few
changes that would affect external interfnces, These changes were as follows:

A protective thermal door and environmental enclosure was required to protect the
lens cell assembly from excessive heat loss through the front of the lens and from
heat gnins produced by solay flux

The film load was required to be larger; a target film load of 1, 220 meters was
established

The functions of the camera control assembly were increased to provide more con-
trol options, TM output, and system self-test.

In the following pnragraphs, we discuss the reconfiguration investigation and its outcome,

3-1
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3.1.2 Lens Cell Assembly Configuration

The only material envelope changes infroduced into the Iens cell assembly in oxder to
meet added requivements were an increase in length oceasioned by the addition of the thermal
door agsembly and an increase in lens barrel diameter cau.ed by the addition of the surrounding
environmental enclosure. ¥ig. 3-1 is a section of the lens cell assembly and Fig, 3-2 is an
isometlric sketeh of the exterior shape of the environmental enclosure.

.8.1.3 Film Magazine Assembly Configuration

3.1.3.1 Aliernative Configurations

Having established the lens cell assembly envelope, it now became necessary to invest -
gate alternative film magazine configurations and their impact on envelope size and functional
characteristics. In all alternative designs, the magazine base assembly remained intact, since
it ineluded all of the mechanisms significant to the proper maintenance of image r~=~intion.
Consequently, the problem became one of how to best house th: 1, 220-meter film load.

Three configurations were evaluated, The first is illustrated in Fig. 3-3. This config-
uration featured a vertical arvangement of film spools having unequal flange diameters that
allowed an overlapping of the larger diameters., Design merits and demerits are shown on the

figure, The total lengih of the assembly ruled out this configuration as being unadaptable to
WB-57T deployment.

The second confipuration evaluated is illustrated in Fig, 3-4. This configuration is more
conventional sinee the spools are horizontally arranged. Again, unequal spool flanges and over-
lapping were employed to reduce envelope size., This design is susceptible to height reduction

for aireraft deployment through the use of standard 214-meter spools and a lower profile top
cover.

y Figure 3-2 — Environmental enclosure
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The third configuration evaluated is illustrated in Fig. 8~5. Here the spools were brought
outside the lens cell assembly to minimize the total assembly heisht, While this configuration
would lend itself to WB-57F deployment, it suffers a large center of gravity shift during opera-
tion as film (about 32 kilograms) is transferred from one spool to the other. Additionally, pres-
surization sealing and thermalization would become increasingly difficult for this configuration.

On balance, the horizontally overlapped spool configuration (Fig. 3-4) was deemed the
better overall choice and this confisuration was more fully developad.
3.1, 5.2 Final Configuration

The layout of final film magazine assembly configuration resulted in the sectional illus-
tration shown in Mg, 3-6. The assembly as shown is about 88,5 centimeters long and 53. 6
centimeters high. Employing smaller film spools and an alternative cover, the assembly height
decrenses to about 41, 6 centimeters.

3.1,4 Comeya Electronics Assenihly

The LFC camera electronics assembly, in order to meet space deployment requirements,
will comprise the functional components depicted in Fig, 3-7. This assembly is to be a separate
cable-connected unit and, in the context of this study, the features of impertance were the elec-
trical interfaces and the physical envelope.

The external elecirical interfaces investigated included power, command, flags and TM
data.

The "best estimaie" of the physical dimensions of the camera electronics assembly is
shown in Fig. 3-8, Thermal and vibration isolation will be part of the package and the entire
unit will fasten down through a mounting plate,

3.1.5 Pneumatics System

The LFC (lens and magazine) will be pressurized internally to about 1 psi above the opera-
timal ambient. This pressurization serves to allow the use of a vacuum film platen aud to con-
trol the refractive properties of the lens. This latter property is particularly important relative
to variable-altitude aircraft deployment of the LFC,

Fig, 3-9 depicts the character of the L¥C gas systemi, The primar: external interface
in this svstem is that with the high pressure gas supply. The secondary inierfaces are the
over/under pressure vents, which have little external significance,

3.1.6 Assembly Interconnections

The interconnections within the LFC and the interface connections with the host vehicle
arve diagrammed in Fig, 3-10, Interface connections are electrical and gas; as are the inter-
connections hetween major asseiablies,
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3.1.7 Interface Requivements

Subsecquent to the definition of the overall LFC configuration, which included intexface
considerations, a major effort was mounted to document interface requirements. The products
of this effort were the preliminayy interiace control documents which are identified as follows:

NASA IDC No, Title

SLD-47-000u01~801  Intexfnce Control Docwmment,
Orbiter Camera Payload System — Functional

SI.D-47-.000001-802 Interface Control Docwument,
Oxbiter Camera Paylond System — Mechanical

SLD-47-000001-803 Intexfnce Control Document,
Qrhiter Camera Paylond System — Electrical

SLD-47-000001-804  Interface Control Document,
Orbiter Camern Paylead System — Environmental

SLD-47-000001-806  Imterface Control Document,
Ovbiter Camera Paylond System — Film Spool (Supply and Takeup)

SLD-47-000001-806 Interface Control Document,
Orbiter Camern Payload System — Installation

SLD-47-000001-901 Interfance Control Document,
Orbiter Camexrn Payload System — BTE and Ground Handling
Equipment

SLD-47-000001-902 Interfnce Control Document,
Oxbiter Camexra Payload System — Lawnch and Recovery Facilities

3.3 MISSION INTERFACE BASELINES

This section of the report discusses the work performad to demonstrate opt:mum LIC
utilization for missions of specified nominal operating parameters. To do this, four test-case
orbiter missions wore selected. Three mission parameters were considered fixed. These
were: mission duration, orbital inclination, and LIC film load. The four tesi-case missions
were: first, an STS-0 mission at 28. 5 degrees inclination for 5 days; second, an LFC misgion
at 57 degrees for 7 days; and thivd and fourth, LFC missions at 70 degrees and sun-synchronous
inclinntions for 14 days. All film londs were set at 1, 220 meters.

The effects of several varinbles were then enlculated, or made optimum. Thase variables,
or aptimized operating parameters can be grouped into two categories; i.e., those that are
mission-independent, and those that are functions of the missions. The independent variables,
which are discussed in detail in Section 3.2.8 ave filn types and exposure times. The results
of ouyr efforts here are summarized in nomographs that allow one to choose the {ilm(s) and
exposure range most suited for the Orbiter and RB-5T respectively. One might think of these
varinbles as being mission-dependent since exposure time is governed by solar altitudse, which
indeed is a function of individunl mission characteristics (e.g., lnunch time of year). However,
we found that the solar altitude histograms produced for each mission are more similar, with
respect to central value and distribution, than dissimilasr.

The parameters that did vary morve divectly with each mission were: orbital altitude,
lnunch time (of day nnd of year), terrain coverage and 4iim utilization, and climatology.

3-13



Onee all variables botame fsed for each test oase mission, o tybleal mission timeline was
genaxated for ench, to show ‘hermal reguivements, power eonswmption, and photographic oppor-
tunities, Photographie footprints for each mission were alse generated and ave detailed in
Sootion 3, 8.4,

8.3,1 Orbital Altttude Seloation

Oybital altitude s & oritlenl pvameter for offieient LIC oporation, A computer program
was exoreised that found the optimum altitudes for eneh inelination, The cvitocia fov optimina-
tion in eneh ease were evenly-sproed ground tracks along the oquator, Thus, altitude selections
were made that resulted in complete coverage of desived torrain given a sutlielont mission thme.
Less than optimuam altitudes ean rasult in no overlap botween adjncent ground tracks, which is
usuaily eoupled with several tracks over the same aren (see My, 3-23). 'The optimum orbit
altitudes were determined over a range from 186 to 600 kilometors, ‘The nature of the selection
proeess is eyelie because of the competing nature of the variables, i, e., photographic soverage
ineresses with altitude, but so do the gaps botwoeen passes duo to the longer orbit imes of higher
altitudes. The constant retation of the eurth vorsus orbital thue can be used to step the ground
tracks along in ogqual ineremonts that ldeally should be less than the photographie footprint, or
this effect ean eause a eatastrophie no earth-satellite relative potational movement at all,  Thus,
as the entive range of desived altitudos was searvehed for the opthmum orbits u eyelie pattern of
good and bad alittudes developed,

Appendix A containg optinm orbital altitudes over the 185 to 600-kilometer range for the
four desired orbital inelinations, t.e., 28,6, 57, T0 degrees, and sun-synchronous, ¥ A few
tost orbits for each melination were then selected on the basis of efficiency and a customoer-
spocifiod range, Table 3-1 lists the optimum altitudes and thelr sensitivities, Sensitivity is
determined by the altitudo xange within whieh no gaps will oceur in eguatorial coverage, This
table and the footprint data shown in Seetion 3,2, 4 fllustrate the nec? for close altitude tolox-
anehiy if optimum LT operation 18 desived. Onee an optimum altit=le has been defined,
achioving efficiont coverage ulso becomes a problem of eliminating redundancy at highex lati-
tudes. The footprint data of Section 3, 2, 4 reflect efforts to praduce this efficient coverage,

J. 8.2 Launeh Thne Soleetion

Both Lnmeh tHie-of«day and thine-ol-yoar were investigated with the goal of optimization
for the test case missions, A computor progeam was exereised that ealewlated and plotted the
ventral ground teack for each test mission within the nominal photographic solar altitude restric-
tlon (oe., =30 degreos).  Four auneh times of year, January 1, Apeil 1, July 1, and Qetobor 1,
weore investigated, and Iaunoh timewof=duy was varied hourly over a range of 0900 to 1600 hours,
The Kennedy launeh site was used for the 38,6« and §7-depree vases, Vandenberg Alr Foaree Buse
was considered the T0-degree and su-gyhchronous laueh site,

The S18-0, 28, b-degree test mission was varied only over two dates, Awgust 1 and
Qotober 1, due to pre-estabiished guidelines.

Rosulty of this exvreine are delineated in Appendix B, The centers of all photographically -
waeful ground tracks of all above-mentioned test eases are shown,

*Appendix A also contains a graphical desepiption of sutn-synehronous polar orbit versus altitude
Timits,
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Table $~1 — Altitude Sonsitivity

} Equatoxial
Coverage
: Teclinntion, Altitude Bificloney, Aliltude Sensitivity
J dogroes T oters | Noutionl ailos | Foveent Kilomotors | Naubenl Miles
_ 28,6 (STS-9) and, 1 148, 02 46 +0,98, -0,81 | 40,60, -0,44
3 28,5 (ST8-9) 293, 7 120, 26 90 +1,15, -0,66 | +0,68, 0,30
B7 47,6 188. 69 96 +0.74, 0,11 | +0,40, -0,06
:-H 5'? 27509 1‘}28‘9? 91 ‘I‘O. 33}’ “‘00 80 "‘0.22| "0'20
] 57 434, 0 284, 38 94 40,57, -0.87 | +0.81, -0,20
70 260,65 146, 54 100 40,67, -0.04 | 40,86, -0.02
f 70 437,65 230, 84 94 +0.87, ~0.44 | 0,30, -0.24
: 96,4 921, § 119,78 08 +0,07, -0,04 | 0,04, -0,02
96,6 298, 7 147,99 03 +0, 11, -0.7 +0. 06, -0,88
97,1 491,38 239, 4% 80 +0,52, -0,08 | +0.88, -0.53

Cases ovalunted and found in Appendix B (listed by Figure Pack (IFP) number) ave:

N Mission Launch Time @ay of yoar)
L Altitude, Melinntion, 1 Jan. 1Apeil 1 July 1 Aug. 1 Qut.,
kilomoters dogroos (1) (91) {(183) {213) &74)
[ 223, 6 28,5
4 276.5 ag.5| STS-9 FRI rea
a76. 9 67.0 Fr3 R4 FPh FRG
269, 6 0.0 FPT g FPo Fr10
273.8 86.6 FRI1 FPp12 FPRIS FR14

Buaeh evaluntion resulted in seven graphics showing the ground tracks over & sinple Mer-
entor projection world background, The graphics depict the effeet of lawnch Hme«af-day,
Daponding on & mission's geographic arven of priority, one can datermine the most appaopriate
Inunch time throughout the yenw.

The primavy purpose for generating these graphics was to select nominally optimum launch
tme-ol-day. These are:

i Test Mission, Launeh Time-of-Day,
degroes hours
STS-8, 26,0 0900
57 1500
70 1300
06,4 1100
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Optimized lounch time-of-year is discussed in Sactiou 3, 8.8, Climatology in Mission Planning,
The resulis are summarized heve for continuity,

August 1 was selected as the STS~-9 Inunch date and for which the footprints showing photo-
graphic covernge were produced (see Section 3.2.4). October 1 was selected ns Irunch date for
nll other footprints and timelines, August 1 was selscted becnuse of predetermined (by NASA)
schedule conditions. October 1 was selected because of a belief generated from preliminary
dntn that this was the best time, with respect to climate, for obtaining United States coverage.
The work presented in Section 3.2.6 confivmed that October is optimum for U, S. coverage, but
also showed that the Mavch to June window (with May the best) was more opiinmm than August
Tor coverage of the Iand arens of prime interest on STS-9 (South America, Afvica, Australin,
and the India-Malaysian aren).

Ja summary, optimum launch times-of-day have been selected for use in the test mission
cases. Near optimum launch Hmes-of-year have been identified, but have not been used for all
test cnses due to preimposed schedule restraints. The climatology data in Section 3.2, 6 allows
for tailorving Inunch times-of-yenyr to specific photographic target areas.

3.2.8 Exposure Time and Film Type Selection

This exercise was designed to preduce a choice of optimum films and exposures for the
LFC/Ovbiter and LFC/RB-57 missions. The prime variables that affect this selection arve:
ground scene reflectance, vehicle motion, and solar altitude.

Figs, 3-11 to 3-14 show histograms of experienced solar altitudes for the four test case

missions produced by the computer programs that generated all footprint data for these missions.

These figures can be used to derive a mean expected solar altitude for exposure ealculation.
Note that this mean, for exposure prediction purposes, is on the crder of 50 degrees. Also note
that the program that produced this solar aititude data could be made to do so on & real-time
opayational basis for single-frame exposure control.

Fig, 3-1b illustrates the results of exposure prediction analyses for candidate LFC films,
The use of this nomograph allows the prediction of exposure time for given salar altitude condi-
tions and an average (12 percent) scene reflectance. Subject contrast on the original film ma-
terials can also be predicted by reference to the materials' iluminance axis. Given the kncwn
scene refloctance values as a function of solar altitude as shown on the left-side graph, the
nomograph is simply a graphical solution to the image irradiance equation:

5 H ’1‘0
o= —y
4 /ma.)” (FD)
where:
H' = image irradiance
H = gbject iryadiance (Hyperaltitude, at the lens)
Tg = lens transmission factor = 0,25

£/mo. = f/number of the LFC=6
P = filter transmission reduction factor

Given a desired deusity level on a candidate film, the required exposure in meter-candle-

seconds can be determined from the D-log % cwrve, and the required exposure time is found
Tinally from the nomograph,
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For example, target densities of 0.9 for negative films and 1, 5 for reversal materials are
accepted standards, It can be seen by following the ilustrations, 0.48 meter-candle-second is
the required exposure for 3414 film, which results in an exposure time of approximately 34
milliseconds if o 50-degree solar altitude is assumed,

Using Fig, 3-15, a relational equation between solnr altiftude and exposure time can then
be developed for real-time numerical computation prediction. A different equation must he
developed for each film and for the 3414 {ilm example this is:

ET = 10% (msec)
where:
x = 2,511 - 0,676 Logyg (SA)
and solar altitude (SA) is in degrees,

The goal of this effort was to select the film(s) that would produce the best LFC image
rvesolution. The first step was to take the candidate films shown in Fig, 3-15 and develop expo-
sure time requirements. The second step was to calculaie expected dynamic resolutions for
each film-dynamic condition combination.

To do this, expected Orbiter and RB-57 attitude rates were used to calculate motion-
limited resolution values. Static resolution values were calculated for each lens/film combina-
tion by application of the "reciprocal resolution squared" relation. IFinally, dynamic resolution
values were derived by applying this same relation to each static/dynamic combination of
interest. The result is a series of three nomographs that have been developed to produce a film
selection guide that is used by considering Nlumination conditions and attitude stability rates.

Fig. 3-16 relates to the Orbiter/LFC combination, In this nomograph, exposure time
and expected attitude rates are employed along with film-plus-smear limiting resolution curves
to allow the prediction of dynamic resolution for each film type. Fig. 3-17 is a similar nomo-
graph that relates to the RB-57/LFC mission combination, Combining the data from Figs.
3-16 and 3-17, while modifying the shapes of the limiting resolution curves on the basis of
relative exposure times (from Fig. 3-15), allows the generation of 2 nomographic guide for the
selection of the {ilm type to be used for maximum resolution performance when expected solar
altitude and vehicle attitude rates are established, Ig. 3-18 presents this romograph. The
order of merit of the film types at the bottom of the figure are defined as a consequence of
operational conditions.

Table 3-2 shows each step of the selection process for all candidate films for nominal (as
defined in the table) operating conditions.

The following constants were used to produce the dynamic resolution values of the table:

Orbiter smear rate = & = 0,18 mrad/sec
RB-57 smear rate = 8= 2.5 mrad/sec
LTC focal length = 305 mm ={

LFC AWAR lens resolution = 84 cycles/mm
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The general case for image smenr (v) where
1/2

=1 *tr
v = | & tan 0)° +(—5—f——) + ( A )
2
cos § cos 6

was simplified to the on-axis image smear condition for the dynamic resolution predictions.

I summayry, no one film is optimum under all conditions. The 3412/80-242 film combi-
nation appears best for penerni-purpose applications.

Table 3-2 — Resolution and Exposure Parameters — STS-9%

Film Resolution

Exposure  Shuttle/RB-57 Limit Shuttle ‘RB-57
Film Time, Image Smenyr, 1, 6:1 contrast, Static Dynamic Resolution,
Type msec cy/mm cy/mm Resolution ey /mm
SO-315 26. 8 518/49 441 83 a2/42"
3414 24.6 559/53 255 80 7944, 70"
3412 6.5 2,118/202 160 Td 74769
S0-242 16.1 855/82 110 67 67752
50-131 17.2 800 /76 51 44 44 /38
2445 16.1 865./82 40 36 36733
2448 20,3 690,66 40 36 36732
3443 13.8 1, 000 “95 32 30 30.29

*For solar altitude = 50 degrees
'bFor corrected LFC transmission function

]
“For high gamma, (2.5), MX-641 processing

3.3.4 Terrain Coverage and Film Utllization

Photographic footprint plots are presented in this section for each test case mission. Vital
parameters of ench mission are summarized in table 3-3, and accompany each footprint plot.

Table 3-4 provides a more detniled mission profile for STS-9, in which the photographic
rvestrictions are shown.* Photographic restrictions are not as stringent for all other missions
where 3 revolutions at the beginning and 5 revolutions ut the end of each mission weore not allowed
for photo operations.

*Note that the first altitude of the §7°S-9 mission (274.1 km) is not very eofficient (see Table 3-1)
but is quite adequnte for this limited duration mission in which closure is not achieved due to 2
time limit,
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k Table §-8 = LIC-Orbitor Tost Caso Mission Parametors
,' m Inclinntion, Altitude, Stereo Overlap, Launch Time, Duration,
Mission dogroes kilometors parcent Date hours days
m 28, & a4, 1 80 { Avgust 0900 8
| §T8-0 20,5 232, 6 80/60
m Second B 375. 9 80 1 Qotobor 1500 7
Third 70 260, 8 80 1 Qctober 1300 14
N m Tourth 96,6 ams,.n 80 1 Qctaobex 1100 14
m Table §-4 — STS-9 Migsion Profile
'..L ' Day Tima Activity Revolutions
ﬂ] 1.0 First 24 hours Satellite deployment 16
) 3,0 Second 34 hows Photo operations 16
m .17 4 hours Altitude change a7
3.0 20 hours Photo oparations 18.5
4.0 34 hours Photo operations 16
b 4,69 16. 6 hours Phota operations 11.2
5.0 7.4 hours Descent §

- A MR
s

In ouch case, the {ootprint program was exercised with the objective of near full utillzation
of the 1, 330-metor {ilm lond.

Tigs. 3-19, Sheets 1 through 5§, show anticipated coverage for STS-9 on a daily and cumu-
lative basis, PFigs. 8§30 through $-33 show cumulated coverage for the 57-, 70-, and 96.6-
degroe tost missions respoctively. It is noted that prime geographic coverage for each of these
tost cnses alter 8T5-9 was the continental Unlted States landmass. Other nrass were included {o
illustrate potentinl mission coverage capabilities, Some f[lm remained unexpended in each case to
allow for acquisition of photo opportunities of interest.

Al show the LFC foutprints overlayed on a worldwide Mercator projection.

In Sections 8.4.1 and 8, 3.2, the necessity of carefully-chosen orbital altitude and launch
tlimes was discussod. Flgs, 3-33 and 5-34 illustrate the neod for eare in choosing these param-
otors. Fig. 5-35 shows & T0-degree inclination mission with identical prrameters to Mg, 3-21,
oexcopt {or an altitude of 11 kilometers lower than the optimum. The same areas are covered
ropaatedly with large e s in-between, but the full film lond is spent. TFig. 3-24 shows the
affoct of launching »t the wrong time aof day, i.e., 1500 hours as opposed to 1100 hours for the
optimum 98, 6-degree inelinativn missian,
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Figure 3-19 — STS-9 mission daily and cumulative photographic coverage and film usage
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Figure 3-19 — STS-9 mission daily and cumulative photographic coverage and film usage
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Figure 3-19 — STS-9 mission daily and cumulative photographic coverage and film usage
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Figure 3-19 — STS-9 mission daily and cumulative photographic coverage and film usage
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Figure 3-20 — Cumulated coverage for LFC 7-day mission, inclination 57 degrees
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3.2.5 Test Case Mission Timelines

The computer program that generated the LFC footprints also produced key mission data
in tabular form at intervals equivalent to individual camera operations over the entire mission.
This data was used to produce test case mission timelines. These are shown in Figs, 3-25,
3-26, 3-27, and 3-28. Each shows every orbit revolution on a sequential time axis with the
following data displayed:

1, Time of all photographic opportunities
2. Time in sunlight during each orbit for heater power consumption planning

3. Crew preparation and participation times associated with each photographig
opportunity

4, Power consumed (cumulative) at 24-hour intervals

5. Vital mission statistics also presented in the previous section (e.g., altitude,
inclination, and launch time)

6. Mission hours, days, and crew local time.

In summary, these timelines provide data relevant to advanced mission planning in a usable
format. Additional data of interest, such as geographic location of each photographic opportunity,

could also be displayed in this form with relative ease.

3.2,6 Climatology in Mission Planning

All previous tasks have produced optimized photographic coverages and have done so only
on consideration of key mission parameters. These "footprint”" results have demonstrated full
utilization of LFC film loads over the target areas of maximum interest within the allotted
mission time limits and solar altitude conditions. The effort reported hereunder was designed
to acquire climatological data that can bear directly on mission efficiency and completion. The
goal was to identify data that could lead to accurate cloud cover predictions and enhance mission
planning effectiveness.

3.2.6.1 Data

Contacts were established with the National Oceanic and Atmospheric Administration
(NOAA) and the NASA Marshall Space Flight Center. Briefings were provided by NOAA, both
from their Special Projects Satellite Support group in Suitland, Maryland, and by their National
Climatic Center in Asheville, North Carolina. The Air Force Environmental Technology Appli-
cation Center (USAFETAC) in Asheville also provided this contractor with briefings and support
data.

Our specific objectives were to collect published, world-wide climatological data (cloud
cover) for inclusion in mission evaluation computer programs. The following data and source
material, available from NOAA and USAFETAC, were identified:

7 IR Global Atlas of Relative Cloud Cover 1967-1970, U.S. Department of Commerce
and United States Air Force. Based on data from meteorological satellites.
Washington, D.C., September 1971.

2. Environmental Satellite Imagery, October 1977, NOAA, Environmental Data Service.

3. Guide to Standard Weather Summaries and Climatic Service, NWSD, Asheville,
January 1978.

(listing continued on Page 3-45)
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4, USAF, Air Weather Services, '""N'' Summaries, R-F Summaries, Asheville, N,C,

5. "Statistical Study Relating Percentage Cloudiness as a Function of Mean Cloudiness",
James Cox, Spaceflight Meteorology Group, NOAA.

6. Aerial Photographer's Clear Day Map - United States; U.S. Department of Com-
merce, ESSA, Environmental Data Service.

Y Climatic Atlas of the United Stares, NOAA, NCC, Asheville, N.C.
8. The 3DNEPH Data Base, USAF¥ETAC, TN, 74-2.

9. Further Developments in Cloud Statistics for Computer Simulation; 1972, Marshall
Space Flight Center, NASA CR-61389,

10, Studies in the Use of Cloud Type Statistics in Mission Simulation; 1974, Marshall
Space Flight Center, NASA CR-129030.

Both the Air Force's 3DNEPH program and the Satellite Data Services Branch of NOAA
can provide an immense amount of data from world-wide climatological observations made over
a period of several years (e.g., cloud type, level, and coverage). The difficulty here is that
the data must be summarized and built into a usable statistical base for time of year, time of
day, and coordinates. It is relatively easy to acquire raw cloud/climatological data; the prob-
lem is to identify those data sources that have already produced the statistical base.

One source that does provide this information is Item 1 of the previous listing. Figs,
3-29 to 3-36 (from pages 182, 183, 194, 195, and 202 to 205) show world-wide relative cloud
cover derived from radiometrically corrected satellite observations over the period 1967 to
1970. Each picture represents a spatial and temporal distrikution of relative cloud cover for

the period noted in the caption. In all pictures, the whitest areas represent the greatest degree
of reflectance.

Each of the four kinds of charts have gray scale wedges with an overprinted number, or
numbers. The numbers on the gray scales of the "mean octas' charts represent the mean
occurrence of relative cloudiness, i octas, over areas of the pictures containing matching
gray scales. In the charts showing 0 to 2 octas, 3 to 6 octas, and 6 to 8 octas, the over-
printed numbers on the gray scales represent the percentage frequency of occurrence of cloudi-
ness in the range indicated. For example, on a 3 to 5 octas chart, the gray shade overprinted
with a 40 is interpreted to mean that 3 to 6 octas of cloudiness occur 40 percent of the time in
areas printed in this gray shade. Note that the gray scale step wedges on the 0 to 2 octas
charts are the reverse of those on the 3 to 5 and 6 to 8 octas charts. This was done to high-
light the cloudiest areas on all charts with the brightest gray shades. For a given square on
the frequency-of-occurrence charts, the percentages shown on the three charts for each month,
season, semiannual, or annual period will add up to 100 percent. Note that cloud cover is
difficult to distinguish from desert area since reflectance values are presented here. The

North Africa/Sahara area, from other data, is known to be more cloud-free than it appears
here.

From these figures and other data of the Atlas, two key points amerge: (1) The August-
October time window is likely the best for minimum cloud cover for the U. S. but not for the
continents of importance to STS-9 coverage, and (2) The best time for these continants appears
to be May as shown in Figs. 3-29 and 3-30 (pages 182 and 183). Thus, STS-9 long-range
planning should take this into account and anticipate that a fairly considerable percentage of
the desired photographic opportunities and/or full film utilization wili not be achieved without
a more opportunistic control of camera operations.
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Figure 3-29 — Mercator satellite relative cloud cover, 1400 hours local time, 40°N to 40°S,
mean octas, May 1967-1970
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Figure 3-31 — Mercator satellite relative cloud cover, 1400 hours local time, 40°N to 40YS,

mean octas, August 1967-1970
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Figure 3-32 — Mercator satellite relative cloud cover, 1400 hours local time, 40°N to 40°S,
0-2 octas, August 1567-1970
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Figure 3-34 — Mercator satellite relative cloud cover, 1400 hours
0-2 octas, October 1967-1970

local time, 40°N to 409s,
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Figure 3-36 — Mercator satellite relative cloud cover, 1400 hours local time, 409N to 40Ys,
6-8 octas, October 1967-1970
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Figs. 3-37 and 3-38, taken from Items 6 and 7 of the previous listing respectively, show
October and annual U. S. cloud cover. These support the earlier statement that the time period
from July to October is near optimum for photographic opportunities over the U.S., with
Octobar the best on average across the country.

Therefore we see that later missions (after STS-9) whose principle photographic goal will
be U.S. coverage are best planned as October missions. Complete acquisition will require
longer times than shown in Section 3.2.5 due to some cloudiness.

Fig. 3-35 (from page 204 of Item 1) shows a phenomenon supported by the statistical
research of Item 5. That is: Due to the nature of cloud formation and size, cloud coverage is
reported in a large majority of cases as either total or clear (i.e., partly cloudy conditions
are relatively scarce). We believe that the long range climatological statistics presented or
referenced here can be relied upon, within reasonable limits, to provide data for anticipating
photographic conditions.

However, the above data is incomplete. The diurnal, or time-of-day effect on cloud
cover is another important variable. Typically, one finds increasing cloud cover during the
day, especially in the tropics, and it could be critical to successful photographic coverage over
a very limited mission duration. To address the question of optimum time of day for a minimum
cloud condition, we first reviewed the USAFETAC 3DNEPH program and USAF "N" Summary
data.

Neither data base is in a summarized statistical format; however, both offer cloud sta-
tistics, world-wide, as a function of time of day. During our working session at the National
Climatic Center, '""N'' Summary data were gathered for 130 reporting stations world-wide. The
staticns are catz'oged in Item 3 of the previous list and were selected on the basis of expected
photographic coverage. This data could serve as the basis for a future update of existing cloud
cover programs, as explained below.

In zddition to the cloud cover data collected and presented above, the most imnortant
climatological data base with potential for advanced Shuttle mission planning was found 1 Items
9 and 10. This is a cloud cover model produced for the NASA Marshail Space Flight Center.
It has been constructed to produce exactly the answers desired for advanced Orbiter/LFC mission
planning. Given a desired latitude and longitude, time of year, and times of day, this program
will produce as output:

"The number of passes over a target required to produce, with a given percentage
of confidence, a given percentage of t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>