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ABSTRACT

The crew of the Apolle 7 mission exposed nine magazines of 70pm Tilm
during their October 1968 flight. The film loads within the magazines
were: two each of Kodak S0-368 and 3400, and five of Kodak 50-121. Seven
of the nine magazines, which include 493 frames of usable imagery, are

described in the following report.

A descriptive outline including the evaluation methods and mission parameters
has been compiled. The frame number, orbit, date, season, local solar time,
G.E.T., sun elevation, coordinates, and scales were compiled as useful

support data for each frame evaluated.

Photographic map plcts, altitudes, and percent ¢loud cover, along with an

image evaluation were compiled for data enhancement,

The description of the imagery by discipline is intended to aid the user in

a more detailed evaluation of the Apollo 7 imagery.
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APOLLO 7 MISSION DATA AND INFORMATION LIST, 70MM COLOR PHOTOGRAFHY

INTRODUCT LION

The information obtained from the photographs taken during the

Apollo 7 Mission proved to be extremely vajuable. Numerous areas
which have never before been photographed from spacecraft altitudes
were acquired, The photographic attitudes ranged from near veriiecal
to high obligue, and from under to over exposed photographic quality.
Photographic altitudes ranged from 88 nautical miles to 198 nautical
miles, with an average range of 120 %o 130 nautical miles. Sun angles,
for the exposures, varied from 5 degrees to 84 degrees. A wide range
of factors therefore affected the overall quality of the resulting

imagery.

The following pages comprise a report of the mission data and an
information list for the Apollo 7 photographs compiled by the Mapping

Seiences Laboratory.

A guide to the user is that portion of the report which deals with the
total number of frames pertaining to a single discipline. This infor
mation should enable the user to quickly select those frames which
apply to his specific discipline. No attempt has been made to
establish which frames have the largest percentage of single discipline
occurrence, but only that the particular frame in question does contain
major features of interest %o that discipiine, Some photographs will

contain features pertaining to a number of disciplines.



2. DISCUSSIu
4.1 Mission

The primary mission objectives were to test the command module,
spacecraft performance and capabilities. This mission was a 10
day earth orbital operations mission. The launch azimuth was
72 degrees from true north, with an orbit inelination of 33
degrees to the equator. As a secondary mission objective,
photos were obtained throughout the mission, from 35 degrees
north to 35 degrees south latitude, over a period of 157 orbits.
Targets of weather and terrain were of prime importance during
the entire mission. These areas could then be further studied,
from a different perspective and incorporated into the Earth

Resources survey.

Each of the areas photographed was analyzed in a generalized
manner for further study to be performed for its specific
related disciplines of Geography/Cartography, Geology/Hydrology,

Agriculture, Forestry, Meterology, and Oceanography.

2.1.1. World Apollo Index Map
Figures 1, 3 and 5 illustrate the extent and location
of Apollo 6 and 7 photographis coverage. The limits of
frame coverage were extracted from previously compiled

QNG plots.
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2.2

Figures 2 and 4 are enlarged segmeuts of the Baja

California area and the Sinal Peninsula respectively.

These areas were photographed extensively and appear

as heavy line congestion on the World Apollo Index

Map.

The purpose of the enlargement is to reduce line

conjestion for easy frame limit identification.

Camera Data

* Camera: Hasselblad 500~C NASA Modified, 70mm, Serial No. 023

‘lens: Zeiss Planar, f£/2.8, 80mm focal length

* Aperture Setting:

«Shutter: Between the lens

2.8 to £ 22

«FPilm-Filter Combination per Magazines

Magazine
M

N

P

Film
50368
S0-368
80-121
80-121
s0-121
80-121

S0~121

Filter
None
Hone
2A
24
24
Y\

None

M5C Numbers
AS7-3-1511 to 1557
AS7-4~1558 to 1612
AS7-5-1613 to 1671
AST7-6-~1672 to 1737
AS7-7-1738 to 1879
AS7-8-1880 to 1943

AST7-11-1980 to 2043

Magazines V and U were not included in this evaluation due to a

malfunction in the camera system.
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2.5

2.6

Film Data

*Type: Bastman TKodak, 50~368, Medium Speed Ektachrome, 4SA-64s
+Type: Easbman Kodalk, 50-121, High Resolution ferial Ekta-~
chrome, AEI~6.

*Sige: 70mm, 2.5 mils thick, on polyester base.
*Format: 55.5mm by 55.5mm

Filter Data

*Type: Wratten 24, lower limit of transmittance is 4100 Angstroms.

Equipment/Data Used for Interpretation
2.5.1 Transparency media
2.5.1.1. Tube magnifiers 7X, linen testers 5x
2.5.1.2. Stereoscopes
2.5.1.2.1 Hand, folding, 2x and 4%
2.5.1.2.2 Zoom, binocular, 0,7-30x
2.5.1.3 Rear projection viewers, 3, 4, 8, 12 and
24 magnification
Screening Information List Explanation
The following is a column by column explanation of the Screening
Information List:
2.6.1 Frame Number - The photographic frames from the Apollo 7
mission were from AS7-3-1511 to AS7-8-1943 and AST7-10-1949
through AS7-11-2043. These frameg werc exposed on seven

magazines as previously listed in paragraph 2.Z.
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2.6.2

2.6.3

2.604

2.6.5

Orbit Number - The orbit numbers designate the orbit
in which the frame was exposed.

Date - The day in which the photo, on its designated
orbit, was exposed.

Seasons — Apollo 7 photographs were taken during
Gehbober. The season in the arsas north of 15 degrees
north latitude is Fall, and in the areas south of 15
degrees south latitude is Spring. In the tropical
latitudes, areas between latitudes 15 degrees north and
15 degrees south, there is a small annual temperature
range, resulting in a lack of distinct seasons; Fall,
Winter, Spring and Summer. The principal determinant
factor of seasons in tropical areas is the extent and
distribution of moisture, which results in a tropical
climate of hot-wet and cool-dry seasons.

Ground Llapse Time (G.E.T.) - This time designation is
initiated from the time of launch through the entire
mission on a continuous basis starting at 000 hours,

00 minutes and 00 seconds.

The listing is only recorded in hours and minutes, and
was extracted from the orbit trace. The exact geographic

position of the spacecraft at the time of exposure cannot

10



2.6.6

be determined by the resulting imagery without
extensive analytical photogrammetiric resection and
mensuration. Camera orientation angles as well as
spacecraft altitudes are inconsistent for a quick
nadir point location determination. In most frames,
the image format is obscured by the limits of the
spacecraft windows, and only in a few cases is the
horizon available for accurate tilt axis analysis

or principal line construction on the imagery.

Since the exact nadir point location is difficult to
determine from the photography, the possibility of
determining an exact G.E.T. from the imagery is
improbable. The G.E.T. for each frame has been
extracted from the "Apollo 7 Prelimimary Report.?
These exposure bimes are approximate and intended
only as an aid to the user.

Local Solar Time - Local Solar Time, for a particular
frame, is that time at or near the principal point at
the time of exposure and is based upon the GMI' of the
exposure and the geographic position of the principal
point. The time change constant applied to the calcu-
lation of Local Soclar Time is 4 minutes for every one

degree of longitude change, Local time corridors were

11



not taken into consideration for this computation,

2.6.7 Sun Elevation - The local Sun Elevation is an approxi-
mate value that indicates the angle of the sun above
the horigzon for a particular time and location and is
intended only as a guide to the user. These values
were extracted from the "Apollc 7 Preliminary Report"
and are used as support data.

2.6.8 Principal Point - Each photograph that contained enough
land mass for geographical identification, was plotted
on either World Aeronautical Charts 1:1,000,000 or
Operational Navigation Charts, 1:1,000,000. In many
instances the map or photo detail was insufficient for
photo frame plotting. The photo principal points, once
established on the photography, were plotied on the map
source, by a detail comparison of photo imagery at the
principal point with the map detail. In some instances
the terrain at the principal point, in even near vertical
imagery, contained inadequate topographic character for
image transfer. On those frames where the principal
point falls over water or cloud covered areas, and to
far from land mass for even approximate placement, the
principal point was not plotted. The principal points
for high oblique frames were not plotted, due to the lack

of visible detail near the center of the photograph.

12



2. 6.9

However, when the principal point could be trans—
ferred from the photograph to the map source, the
geographic coordinates were scaled and recorded to

the nearest minute of latitude and longitude of the
point. These values, which were extracted from map
sources, are in most cases accurate to plus or minus
30 minutes of latitude and longitude. The resulting
values appear in the tables as Principal Point Latitude

and lLongitude.

Tn cases where it was not possible to establish the
principal point due to cne or more of the above

reasons, the latitude and longitude of the principal

point for that particular frame was extracted from the
mppollo 7 Preliminary Report,™ Such values are designated
by an asterisk. These coordinates are only approximate
and generally accurate to plus or minus one degree. They
are intended to give the user the approximate location of
the principal points.

Approximate Scales at the Principal Point - The established
scales of Apollo 7 photographs are variable and approxi-
mate. A majority of the frames were exposed at various
angles of camera attitude and spacecraft altitudes, which
constantly changed the scale of the photographs along the
axis of tilt.

13



2.6.10

Scales will be constant however along lines

constructed perpendicular to the axis of tilt. Tao
compute and construct a scale grid for each individual
frame proved too time consuming. It was decided however,
to determine the scale for a particular perpendicular

under certain conditions.

If the conditions of reliable map sources, and sufficient
photo detail were present, the scales along a line
perpendicular to the axis of tilt and at the principal
point could be determined. This was accomplished by the
ratios of map scale, map distance to photo distance.

The problem is to have measurable image distances which
correspond to measurable map distances; for example:
drainage intersections, points on a coast line, highway
intersections, small islands, ete,. All measurements
were made perpendicular to the tilt axis and as close %o
the principal point as possible. Scales of this type
were determined only when the proper conditions pre-
vailed, and are meant only as a guideline for the user.
They should not be used for precise photo mensuration
and it should be remembered that the scales are only as
reliable gs the map source,

Map Plots - Figures 6 and 7 are indices published by the

14



2.6.11

2.6.12

Aeronuntical Chart and Informstiosn Center, denoting

the sequence and location of the Uperational Navigation
Chart series throughout the world. These maps, compiled
at 1:1,000,000 scale were used for Apollo 7, photographic
plotting. World Aeronautical Charts were used for plotting
where OHC's were lacking, The above circumstances were
seldcm and do not justify the incorporation of a WAC
index in this publication, For each of the photographs,
where a principal point was located, a designated ONC or
WAC is recorded.

Altitude - The spacecraft elevation above mean sea level,
al, the spacecraft nadir sxpressed in nautical miles.
Present Cloud Cover - Clouds appear in over 90% of Apollo
photography and obliterate a large percent of the photo-
graphable land mass. Although c¢loud formations are of
definite interest to meteorologist, and climatologist,
thelr obscuring nature produces a problem to the Earth
Resources Investigator who is interested in the underlying
terrain., It was decided therefore that the person or
persons required to make photographic terrain analysis

of Apollo 7 imagery should be forwarned regarding the
approximate percentage of cloud coverage of each f{rame.
This was accomplished by placing a 100 unit proportionate

grid, constructed to frame format requirements, over each

15
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frame. If a one percent square contained clouds over
one half its area the cloud coverage was considered one
percent, Each square within the frame limits, which
contained actual imagery was counted and recorded as

the percentage of cloud coverage within that frame.

In cases where the frame was exposed for cloud-top
brightness, the underlying imagery 1s dark. The presence
or absence of clouds below the bright cloud barrier was
impossible to ascertain, Therefore, the percentage of
cloud cover is based entirely upon the uppermost apparent
cloud cover.

2.6.13 Description by Discipline - The description of the
current Earth Resource disciplines on Apeollo 7 imagery was
undertaken to aid the phoic analyst in his search for
discipline occurrence within each frame. In the event a
given discipline does not appear to be contained within
the frame limits, that discipline category was axcluded

from the frame description column.

The descriptions for each fiare are short, ¢uncise,
general statements of occurrence. They are based upcn
visual inspection of the 70mm film positive with the
aid of magnification devices. Only those discipline
aspects which were most apparent to the evaluator were
described. No attempt was made to perform a detalled

18



analysis of any one discipline. The location of the
desired disciplines within the frame has been denoted

only geographically and not by coordinates.

Because of their closely related characteristics,
Geography and Cartography and Geology and Hydrology
were combined into one description. The other disciplines

were Agriculture, Forestry, Meteorology and Oceancgraphy.

Image evaluation in this report, denoted in parenthesis

at the end of Geography, was devised as a rapid method
for determining exposure quality. The three descriptive
terms used to denote exposure quality are simple and
concise. The terms Light, Normal, and Dark denote over-
exposure, normal exposure, and underexposure respectively.
This guideline should enable the investigator to eliminate
or at least grade those frames which are applicable for

his particular discipline evaluation.

19



CONCLUSIONS

The data and information contained in this report is intended to aid the
scientist in selecting the frames most suited to his needs, and to provide
him with the basic information about the selected frames to aid him in the
analysis of the Apollo 7, 70mm color photography.

Tdeally, this information should accompany the photography that is provided
£o the scientists in the Earth Resources Program. Due to the amount of time
that is needed to prepare this report, the photography and this information
could not have been disseminated to the scientists simultaneously. However,
it i. hoped ihat there will be a continued demand for Apolle photngraphy for
scientific analysis; and to those scientists, the data and information in
this report should be an invaluable aid in the initial stages of thelr in-

vestigations.

20



Frames Pertaining To Each Discipline

Geography/ Geology/
Oceanocraphy Cartography  Agriculture Hvdrolopy Forestry Meieorology
1590-92 152836 1529-32 152831 1528-32 1528.32
1594~95 154146 1613-15 154145 1593-05 1536-56
1607-08 1590-95 1624 159354 1607-11 1590-95
1611 1604 1626 1613-43 16131616 1606-12
1613 160743 1629-36 1645-52 162627 1617~19
1615 1645-52 1641 165455 1629-38 1624~30
1619 165470 1643 165762 1640-43 1634-55
1623-24 1672-80 1693 1666-67 16477-52 165859
1626-36 16931708 1659 1693-1705 1662 1662-66
163842 171226 1700-02 1713-26 1666 1668-71
1649-52 1731-37 1717-18 173137 1693-99 1675-89
1654~55 1737-60 1720-1725 174050 170105 16931700
1661 1764-85 1731-33 1752-59 1716-1718  1702-47
1666 1787-1800 1736~37 1764 1720-1725 1749-T4
1670 180224 1773-14 1772-81 1732 1776-90
15680 1826-32 1796 1783-90 1748~49 1792-1808
1694~-97 1835..88 1798 1793-1800  1769-70 1810-16
16991705 1891-94 1831 1802 177778 181928
1716 1896-~-1903 1835 1804 1781 183031
1717 180514 1837-39 1807-13 178384 1833-54
1720-21 191618 1844 1817-19 1789 1861-80
1723-26 1920-22 1849 1824 1797 1883-88
1731 192428 1868-69 1826-32 1799 1891-99
1733-38 1931-43 1899 1835 1809 1901-04
174047 167585 1900 1837-39 1811~12 190714
1751-56 1987-93 1910 184145 1830-31 1919-27
1760 19962003 1916-18 1849-53 1835-39 1929-32
1769 2006-2013 1928 1856-57 184345 1934-37
177274 2015-2041 1942 1859-64 1850-51 1939-84
17771781 1980 1867-73 1855-56 1985-87
1811 2006-09 188081 1861 1850
1831 2020-34 184788 1863 1853
184,344, 1893-94 1868-73 1896-97
1867 1896-.1903  1880-81 2001
1880-81 1905-14 188788 2003-23
1884 191618 1894 202741
1848 1920-22 189703
189499 1924-25 1905-14
190102 1927-28 191718
1907 1631 1920
190910 1936 1922
1913-14 1938-43 192425
1918 1979-85 1927-28
1G627-28 1988-93 193132
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Frames rertaining to Each Discipline

Geography/ Geology/
Oceanngraphy Cartography  Agriculture Hydrology Forestry Meteorclogy
1931 1996~2003 1936
193334 2006-2013  1941-43
1938-39 2015-2033  1979-85
1943 1959
1983-84 2001
1996-97 2012-13
2001-02 2020~40
2024~27
2033-41

22
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REFERENCES

The following list of reference materials were used in the evaluation of

apollo 7 imagery. It was noted that in some instances the names of features

varied in spelling from one source to another. An effort was made to use the

most recent compilation for names,

*Spacecraf% Recovery Chart, (ACIC) Apollo 6, 1:5,000,000.

»Apollc Mission Charts, (ACIC) Apollo Mission 7, 1968
Sheets 1 and 2, 1:40,000,000.

*Sectional Aeronautical Charts, {ACIC) 1:500,00C.

.ONC Gharts, (ACIC) 1:1,000,000.

*OHC World Index, (ACIC).

Topographic Maps, (AMS) 1:250,000.

*Landforms of the United States and Mexico - Erwin Raisz, 1957 and 1964
114, 500,000.

+Geologic Maps of the United States - U.S. Geological Survey, Stose, G.W.
(5 parts) -~ 1960, 1:2,500,000.

*Goode's World Atlas - Goode, J.P. and Espenshade, E.B,, Rand MeNally
Co., 1965.

Major Forest Types in the United States (USDAFS) 1:5,000,000.

*Apollo 7 Preliminary Report, Photographic Technology Laboratory
November, 1968,

* Apollo 7-205 Preliminary Plotting and Indexing Report, Mapping Sciences

Laboratory, November, 1968,
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