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Mission 1213 achieved approximately 2.2 mnsm of coverage against requirements, bringing
the total MCS collection to 18.8 of 39.4 mnsm.

Mission 1214 was the first mission programmed to collect against bilap (55 percent forward
overlap) requirements. Mono, bilap, and trilap collection requirements for mission 1214 were
approximately 17 mnsm of priority area. The use of bilap coverage (0.82 base/height ratio)
provided a one-third increase in coverage of MC&G requirements over trilap. The areas/programs
which required the most MCS photography were the CCN gap areas in the Eurasian land mass,

(628 frames planned for collection), and the Canadian/Greenland area (481 frames) which was in
support of a joint mapping program. The South American continent high priority area was also in
support of joint mapping projects (521 frames). The African area of collection (562 frames)
provided for production requirements and to develop CCN capability of that continent, Mission
1214 achieved 3.507 mnsm of coverage against an objective of 4.367 mnsm.

With the introduction of ultra-ultra-thin-base film on mission 1215 the coverage potential
increased from 3,151 frames to 3,968 frames. Reprogrammed WAG cells previously satisfied or
deferred from collection within the Eurasia land mass were submitied for collection. This was
due to support required for the Cruise Missile Program and the Point Positioning Data Bases
(PPDB) which required 90 percent cloud-free coverage of WAG cells. Previous mission require-
ments within the Eurasian land mass, which had been satisfied by 50 percent (12 to 24) coverage on
cells, were deferred if gaps between MCS operations were three cells or less. An additional
diagnostic area was established within the CONUS, the Southwest Geodetic Control Net (SWGCN), to
support the metric pan. A total of 2,913 MCS frames were designated against the collection of the
Eurasian area. The planned MCS collection was 3.737 mnsm. Mission 1215 achieved 3.271 mnsm
(mono, bilap, and trilap) coverage of the requirement areas.

The final mission (1216) MCS collection requirements were generally the same as those
submitted for mission 1215 MCS. Priority emphasis was given to completing coverage of the
Southwest Geodetic Control Network (SWGCN) which was important to the upcoming metric pan
flights, the Continental Control Network (CCN) land mass gaps in Eurasia, Africa, and South
America, and coverage of the Cruise Missile Program’s test and evaluation in Canada and opera-
tional areas in Europe. Other priority requirements for MCS collections included current medium
and large scale mapping programs.

The 118-day 1216-5 mission returned 3,840 terrain exposures. There were approximately
2 mnsm of requirements satisfied (19 percent) with mono, bilap, and trilap coverage. The clear/
usable MC&G criteria coverage grossed by mission 1216 MCS was approximately 6.1 mnsm; how-
ever, the effects of camera operations over slivers and gaps (i.e., areas less than three WAG cells
wide) resulted in a relatively small return of unique area coverage. The original MCS coverage
requirement was 39.4 mnsm, with each WAG cell seen at least 50 percent clear. The shortfall
against this requirement was 12.1 mnsm. For many production purposes, 90 percent of each
WAG cell must be seen clear. The shortfall against this requirement was 14.5 mnsm.
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MISSION ENGINEERING SUMMARIES AND MAJOR CHANGES

Mission 1205 (SV-5)

The first MCS mission was operational from 9 March to 20 April 1973. Photographic

analysis and inflight telemetry data indicated that a high level of success was achieved from both
functional and metric aspects.

The terrain photography was judged excellent throughout the mission. Photographic resolu~
tion level significantly exceeded the predicted values based on factory acceptance test levels,
Visual Edge Matching (VEM) produced an average of 70 lines per mm for the frames measured.
Terrain camera quality provided additional value for search and surveillance requirements.

The steilar photography provided adequate star images in both magnitude and quality. The
average number of star images in most frames was between 50 and 100 with many frames recording
as high as 150 images. Film sensitivity was reduced by fogging from solar radiation which
degraded the stellar reseau imagery.

The terrain thermal shutter malfunctioned at the start of the mission, failing to open when
it was in the coldest sector of the orbit. Operations were initially limited to latitudes below 50°N,
The latitude restriction was periodically updated based on the daily increase of solar elevation.

A second malfunction, an intermittent failure of the tape stop switch, resulted in improper
shutdown of the ecamera. The subsequent camera operations were made in the backup mode of
operation. The backup mode circuits utilized a different tape stop switch.* This problem was
corrected in subsequent systems by modification to the command sequences to provide a functional
backup to the tape stop switch.

Both 3401 and 2403 films were included on the end of the regular terrain film load (3400)
for the calibration photography. The in-flight calibration, requiring the vehicle to be pitched
so that all three cameras could photograph the stars simultaneously, obviously exposed the terrain
thermal shutter to the cold environment of space. Since the failure mode of this particular shutter
was temperature oriented, it failed to open, therefore there was no in-flight stellar calibration
film exposed for evaluation.

Based upon retrievals from the Mission Performance Report (MPR) data, a total of 728
Category I Missile Target Data’s (MTD’s) (170 WAG cells) were covered by the mapping camera
system. This programmed coverage equated to 30 percent of the photographic coverage required
for the Category I inventory. In the actual evaluation, only 481 Category I MTD’s (87 WAG cells)
were adequately photographed. This equated to only 20 percent of the coverage requirements.

For general information, 2,674 Category II targets, 837 offset aim points, and 676 short
range air missiles (SRAM) reference point graphics (RPG’s) were coversed per programmed
coverage, This equated to 19, 24, and 25 percent of their respective inventories. In terms of
Mini-Bloc coverage, the equivalent of 3.1 ONG areas were covered, which represents 11 percent
of the Mini Bloc requirements.

*The tape stop switch is a control function that provides proper shutdown of the MCS
following an operate OFF command.
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Major action items resulting from the 1205 mission included:
1. Redesign of the terrain thermal shutter mechanical drive system to reduce the coefficient
of friction.

2. Modification of the tape stop switch cam to allow more positive actuation of the operate
interlock switch.

3. A study to determine if the use of 3414 film could be utilized as the primary terrain
film in order to provide sufficient exposure latitude over the range of sun angles
encountered in mission photography. (The 1205 mission exposure results indicated a
reserve of available illumination existed when using 3400 film.)

4, A study to determine if it would be feasible to increase the stellar exposure time to
permit the use of the slower 3400 film in order to decrease the sensitivity to static and
corona discharge and solar radiation fogging.

Use of SO-131 (False Color Film)

In April 1973, Robert Kohler of the CIA informally initiated an investigation as to the possible
use of infrared sensitive color film (80-131) in the Mapping Camera to provide special-purpose
coverage over selected areas. Having been asked for their evaluation, Eastman Kodak reported
that optimum exposure of SO-131 in the MCS was unlikely because of the high T-number and limited
shutter times, and provided a table showing the predicted underexposure under several combina-
tions of solar altitudes and shutter speeds.

On 21 May 1973 a message sent from the SOC (Lt. Colonel Clark Lehmann) to SAFSP
(Lt. Colonel Albert W. Johnson/Captain James Collins) and the NRO confirmed the requirement
to have 100 feet of SO-131 film aboard the terrain camera film supply spool on mission 1206, and
stated that a formal collection requirement was forthcoming. Using a combination of the EK data
and Itek (Harold Alpaugh/Stephen Herman) generated exposure data, SAFSP then directed that
100 feet of the SO-131 be incorporated for exposure near the end of the mission at predetermined
solar elevations and shutter speeds., SAFSP also asked EK to send 200 feet of SO-131 to Itek
for test purposes,

Mission 1206 (SV-6)

This mission was operational from 13 July to 24 August 1973. The terrain photography
for this mission exceeded the predicted quality levels which were based on acceptance test
results. Visual Edge Matching (VEM) produced an average of 57.5 lines per mm,

The stellar photography was comparable to mission 1205 with the majority of frames
recording approximately 100 stars and many frames with up to 150 star images.

The guality of the experimental photography with the SO-131 (false color) film was about
as predicted, i.e., about 50 to 75 feet GRD. Subjective analysis indicated that correct exposure
was achieved but the solar balance was less than optimum.

Two minor anomalies occurred during the mission. Telemetry indicated phase lock dropouts
throughout the mission and abnormal operation of the stellar press on two frames; however, no
adverse effect on photography was observed. All other telemetry was normal.

Both 3401 and 2403 films were included on the end of the regular terrain film load for the
in-flight calibration. The 3401 film produced 20 to 25 star images on each frame. The results
of photography on 2403 were considered unacceptable due to film grain size, which approximated
star image size, and over-exposure of terrain fiducials and reseau intersects.
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Prior to launch, DMAAC submitted 1,980 Category I MTD’s {439 WAG cells) for Mission
1206 MCS coverage. Based on programmed MCS coverage taken from MPR listings, a total of
407 Category I MTD’s (100 WAG cells) were photographed. Based on visual review, 153 Category I
MTD’s (58 WAG cells) were adequately photographed by the Mission 1206 MCS. For Mini Bloc
requirements, the area equivalent of 3.1 ONC’s (operational navigation chart) was effectively
covered by Mission 1206.

New Launch Schedule

On 21 August 1973, SAFSP (Captain James Collins) sent a message to DMA (Ralph Smith)
advising of new launch dates. The dates given reflected the plan for launching two HEXAGON
vehicles per year:

System Shipping Launch Date

001 04 Nov 73 Mar 75
007 05 Feb 74 Sept 75
008 19 Aug 74 Mar 76
009 06 Feb 75 Sept 76
010 17T Aug 75 Mar 77
011 04 Feb 76 Sept 717
012 20 Aug 76 Mar 78

These delivery dates for the Mapping Cameras corresponded to the contractual date they
would be shipped from the manufacturer to Cloudcroft, and therefore would serve as a guide for
DMA to use in scheduling their Cloudcroft support.

Then, on 12 December 1973, again to aid DMA in their Clouderoft support planning, Collins
sent another message to Smith advising of an advancement in delivery schedules, these new dates
being required to comply with revisions to systems integration/test timelines.

System Delivery Date Launch Date

007 06 Jan 74 Sept 75
008 23 July T4 Mar 76
009 08 Dec T4 Sept 76
010 21 June 75 Mar 77
011 06 Dec 75 Sept 77
012 24 Jan 76 Mar 78

BIF-059W-23422/82
TOP SECR mm%*za\nﬂ
BYEMAN/TALE HOLE

7= CONTROL SYSTEMS JOI Y

Approved for Release: 2018/09/11 C05099307



Approved for Release: 2018/09/11 C05099307

H EXAGO N MCS HISTORY

Mission 1207 (SV-T)

The third ST system was fully operational for 58 days on orbit, from 10 November 1973
to 7 January 1974. This was an extension of mission length by 16 days over the first two MCS
missions.

The imagery acquired from all cameras was comparable to past missions. The terrain
camera performed at expected levels based on acceptance test results, and the stellar units
recorded an adequate distribution of sixth magnitude stars.

This was the first MCS to use 3414 film in the terrain camera. Thirty feet of this
film was “tagged on” for special engineering tests. Engineering objectives were accomplished
and the results substantiated the optimism for using this film as the primary load for future
missions, 1209 being the earliest that could be considered.

Several minor anomalies were noted which did not impact the photographic results.
The in-flight stellar calibration operation was successful.
The following recommendations were made by the post flight analysis (PFA) team:

1. Useful data was obtained from the special test of 3414 film, and additional data to be
acquired on the next mission {1208) should support the present belief that using 3414 film with
a Wratten 12 (or equivalent) filter and extended exposure time on mission 1209 would improve
terrain camera performance. It was therefore recommended that another section of 3414 film
be included in the mission 1208 terrain film supply to be exposed as on mission 1207.

2. The advantages of increasing the sensitivity of the 3401 film used in the terrain camera
for starfield calibration warranted continued use of this special “forced process.”

3. An increase of exposure time by approximately one stop combined with the increased
transmission gained through the use of a W-12 (or equivalent) filter (effective mission 1208)
should result in an adequate display of stars to, and including, 5th magnitude.*

4. Since the results of the 2403 film (terrain calibrate mode) had been unsatisfactory,
2403 would be eliminated from future flight loads (1209 and subsequent).

5. At film depletion, as the film end leaves the terrain supply spool, film tension is lost
with the likelihood that film jamming will occur. This did occur on mission 1207, hence the 3400
film tag-on for stellar exposure evaluation was not recovered. Therefore, if was recommended
to continue with tests to provide additional exposure information before committing this film for
the stellar camera.

Based on actual review, 665 Category I MTD’s were adequately photographed by the MCS.
For Mini Bloc requirements, the area equivalent of 5.2 ONC’s was effectively covered by Mission
1207 MCS photographs.

*On 20 May Jean R. Manent, then MCS Program Manager at Itek, notified SAFSP that Itek
would start the necessary work to change “C” time from 2.2 seconds to 3.37 seconds. This
decision was based on analysis performed at Itek and information derived from experiments
run at the Clouderoft calibration site.

BIF-059W-23422/82

TOP BYEMAN%TI‘;ELH_OLE

CONTROL SYSTEMS JOINTLY

Approved for Release: 2018/09/11 C05099307



Approved for Release: 2018/09/11 C05099307

EXAGON MCS HISTORY

Project 80 Study

In 1973, there was a study known generally as “Project 80,” performed by DMA in coopera-
tion with the mapping, charting, and geodesy working group (MC&G-WG) of the COMIREX . Iis
objective was to estimate the ability of the panoramic and frame camera imagery from the
HEXAGON Program to satisfy current and projected MC&G requirements. A 15 August 1973
message to SAFSP (Colonel Raymond A. Anderson/Colonel Ralph H. Jacobson), from Lt. Colonel
Hayden Peake on the NRO staff stated that the Project 80 draft report has been completed but not
released. The conclusions and recommendations had been made known, however, and the MC& G~
WG chairman had asked each participant to comment formally on the conclusions and recommenda-~
tions before being allowed to review the study itself and before its submission to the COMIREX.

The Project 80 conclusions and recommendations as quoted were:

A. “DMA has concluded that the combined panoramic and frame camera subsystems satisfy
all current and projected MC&G requirements. The potential for meeting all DMA requirements
in one camera does not exist in HEXAGON frame camera movements. However, minor improve -
ments in resolution would help in the short-term use of the frame material. The greatest long-
term payoff for the 1978 time frame and beyond lies in a single panoramic camera system pos-
sessing high resolution, wide angle coverage, adequate metric quality, precise orientation and
absolute timing capability.”

B. “Based on these conclusions, DMA recommends initial studies be undertaken by NRO
as outlined below:

1. A study to determine the major practical improvement in ground resolution possible
to the frame camera subsystem, but limited to changes that can be retrofit to the
present undelivered series without major cost increases.*

2. A study to consider the following improvements to the HEXAGON panoramic camera
from the standpoint of feasibility, cost, and their potential to support total MC&G
requirements,

a. Improved pan camera calibration to reduce recording distortions to less than
10 micrometers (one-sigma).

b. Improved time readout resolution to 0.10 microsecond.

c. Continuous attitude readout of each pan camera to a resolution and precision
of 1 arc-second accurate to 5 arc-seconds absolute on each axis (one-sigma)
throughout limits of scan.”

The conclusions, although offering little new, did affirm for the first time in writing the
intent of the mapping community to accept only panoramic coverage for their needs, assuming
conditions in Paragraph 2, above, could be met. Therefore, it was stressed by Colonel Peake
that “before any official response to the reference above, or to the final Project 80 report, it is
important that we agree on the current situation and the future as it impacts MC&G actions in
relation to HEXAGON.” (This subject is addressed again later in the section.)

*This had already been done in a sense; the program office, following encouraging results
from previous tests, had made the decision to modify the filter and exposure conditions to permit
the use of 3414 film starting with SV-9 (mission 1209).
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A Look at MCS Block III Buy Possibility, On 1 November 1973, a message was sent from
SAFSP (Colonel Anderson and Lt. Colonel John C. Bricker) to the NRO (Mr. l bnd
Lt. Colonel Peake) describing the minimum level of effort required to protect the MCS for a
third buy, should that requirement materialize. Looking at the possibilities of reduced flight
frequencies or delaying the block III procurement as cost effective measures, five options with
associated ROM costs were suggested. It was proposed that a block III buy should include some
product improvement measures, increasing the supply and takeup capacities to extend mission
coverage and mission life through the use of ultra-thin-base (UTB) film, and reworking the
prototype unit to make it usable as a viable engineering test bed.

Increase in MCM Film Load. On 18 March 1974, Lt. Colonel William Powell and Captain
James Collins, SAFSP, advised Mr. James Qusley, the current MCM program manager in
Lockheed, that Itek and General Electric had developed a new packaging scheme for the takeup
assembly that would permit a significant increase in the takeup capacity. An increase of 3 pounds
in the stellar film, 17 pounds in the terrain film, and 10 pounds of takeup/RV structure was
predicted. Lockheed was requested to evaluate the effect of the weight increases on the APSA
structure, on the RV separation sequence, and on any other area they felt should be examined.

On 5 April, Itek notified SAFSP and General Electric that they were proceeding to prepare
for an increased capacity of approximately 500 additional frames of terrain photography, and
they provided the estimated weight increases for the launch condition and recovery condition.
After evaluating the data, Lockheed provided SAFSP and General Eleciric on 3 July with a
detailed report which said in effect that the weight increase would have no adverse impact at
launch (APSA structure) or at recovery (SRV clearance at separation).
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Mission 1208 (SV-8)

The fourth mission was fully operational and anomaly free for 60 days on orbit from
10 April 1974 to 9 June 1974. The terrain imagery was comparable to the best of past missions
and an adequate distribution of sixth magnitude stars was acquired on the stellar frames. Terrain
resolution by VEM analysis was 60 lines/mm. The in-flight calibration mode was successfully
completed,

As on mission 1207, a 30-foot length of 3414 was “tagged on” to the terrain film supply.
The results of this test supported the decision to use 3414 as the primary load for mission 1209,

In the mission 1208 post flight analysis report, the PFA team made the following statements
and recommendations, and assigned action items as indicated:

1. System 007 for mission 1209 would have a W-12 (or equivalent) filter and the capability
to expose frames at 6, 12, and 24 milliseconds adapted to the terrain camera. Exposure analysis
of engineering tests using 3414 film on missions 1207 and 1208 provided empirical data for the
following exposure recommendations:

Sun Angle, Exposure Time,
degrees milliseconds
0to 10 24%

11 to 46 12
47 to 90 6

* Under low solar altitudes,
exposures would be “manually”
controlled.

2. Investigation of the “forced” processing of 3401 film should continue in order to obtain
the optimum sensitivity from 3401 film for terrain starfield calibration.

3. Efforts should continue in the development of an optimum process for 3400 film that
would produce acceptable results when used in the stellar cameras. DMA should evaluate and
report results of the three special process techniques used on the tag end {3400) on mission 1208.
One-hundred feet of 3400 film would be tagged on the stellar camera supply for use during the
run-out phase of mission 1209. This film would undergo process investigation similar to that
conducted on mission 1208.

4, Approximately 30 feet of QX -801 film would be added as a tag-on in the terrain camera
supply for mission 1209.

From the actual review of the Mission 1208-5 terrain photographs, it was determined that
180 Category I National Target Base (NTB) points were adequately photographed on this mission,
For Mini Bloc requirements, the area equivalent of 2,2 ONC’s was effectively covered by Mission
1208 MCS photographs.
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Mission 1209 (SV-9)

The fifth MCS flown was fully operational and anomaly free for 59 days on orbit, from
29 October to 27 December 1974. This was the first system to use 3414 film as the primary
terrain camera film supply and an equivalent W-12 filter. Preflight exposure analysis done
by EK and Mr, Steve Herman (Hek) had provided a two-step recommendation for this combination
to be used on mission 1209:

Solar Altitude Nominal Exposure Time
Less than 46 degrees 12 msec
Equal to or greater 6 msec

than 46 degrees

The use of a single time for medium and low solar altitudes would appear to encourage under-
exposure at the latter condition. However, it was felt that snow cover would be present at very
low solar altitudes (below 20 degrees) and that the 12-millisecond exposure time would in effect
be applying a snow bias in these areas.

The film/filter combination in practice performed as expected. Resolution performance
on 3414 film was 40 percent higher than the three previous missions utilizing 3400 film. The
average resolution derived by VEM analysis was 80 lines/mm.

Special engineering tests were conducted using a 20-foot length of QX-801 film (having
intermediate speed between 3400 and 3414) tagged onto the terrain film supply. This experimental
film was developed to provide a higher speed than 3414 with (hopefully) comparable resolution.
The evaluation of this photography indicated QX-801 did not provide a level of information content
comparable to 3414 and, since there were no significant offsetting advantages for using QX-801
as the terrain primary film, this was pursued no further on the MCS program.

The in-flight terrain/stellar calibration was normal. This MCS was the first to be modified
for the terrain camera extended exposure time in the calibrate mode. Exposure time was increased
from 2.2 to 3.4 seconds in order to increase the number and density of terrain camera recorded
star images.

Star image evaluation indicated that EK 3400 film could be used as the primary film load
for the stellar cameras on the next mission (1210).

Special “solo” testing (in-flight MCS tests conducted after the film was recovered) demon-
strated that the MCS (without the film transporting) could remain operable during an extended
mission length (138 days).

From the actual review of the MCS photography, it was determined that 206 Category I NTB
points were adequately covered. For Mini Bloe, 2,176,000 square nautical miles were effectively
photographed.
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Mission 1210 (SV-10)

The sixth mission was operational from 8 June to 30 July 1975. This was the first mission
where a major MCS anomaly occurred that required significant operational work-around manage -
ment, When a camera power control relay failed in the closed position, certain camera elec-
tronics remained powered as long as the MCS main power was on, This condition caused increased
temperatures in the terrain film supply and the takeup systems in the recovery vehicle, resuiting
also in elevation of the recovery battery temperature. Temperature control was maintained by
periodically eyciing off the MCS main power and limiting MCS operations.

Successful operational problem management was verified when it was demonstrated by post
flight analysis that the performance level achieved was comparable to past MCS missions. The
average VEM analysis was 15 lines/mm. Followup analyses and actions for the relay failure were
handled through normal failure report procedures.

The in-flight stellar calibration operations were successful.

This system was the first to include six layers of aluminum tape as part of a continuing
study of density levels versus radiation exposure of the stellar film. The effect of the tape was
not determined because of different stellar base -plus-fog levels from previous missions, plus
the possible reduction of film sensitivity from the increased temperatures resulting from the
power relay failure.

The PFA team made the following recommendations:

1. A new exposure algorithm should be used on mission 1211 that combined the micro~
densitometry data from missions 1209 and 1210, The exposure values for 1211 would be as
follows:

Sun Angle, Exposure Time,
degrees milliseconds
23 =SA 24
23 < SA = 66 12
66 < SA 6

2. Evaluation of film tests conducted during flight showed that EK 3400 film shouid be used
as the primary stellar camera film load on subsequent flights.

3. Taping of the first stellar chute section should be done for mission 1211.

4, A tag end of EK 3411 film should be included along with the EK 3401 film for the in-
flight calibration of the terrain camera. Since EK 3411 was essentially to be a replacement for
EK 3401, a verification test was considered desirable to confirm compatibility.

5. As soon as EK 3410 became available, a tag end should be used in the steilar supply for
image evaluation tests. This film was to replace EK 3400 film currently in use.

On missions 1210-5 to 1216-5, all remaining target points {including newer requirements)
were slowly covered by the later MCS missions (over 83,000 target points of various types were
imaged and geodetically positioned as of March 1981). The shortfall Mini Bloc coverage was
merged with newer DTED requirements and systematically collected on the latter seven MCS
missions. The overall MCS photo coverage statistics (computed by DMA HTC) are listed in
Table 7-2.
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Mission 1211 (SV-11)

The seventh mission was fully operational and anomally free for 60 days on orbit, from
4 December 1975 to 2 February 1976. The terrain camera produced higher image quality and
resolution than previous MCS missions. An average resolution derived by VEM analysis was
83 lines/mm.

This was the first MCS to use 3400 film as the primary stellar camera film. Star imagery
was good with sufficient 6th magnitude or fainter star images recorded.

Due to a failure in the panoramic camera system, panoramic camera operation for the
majority of time was in the mono mode. This placed an unusually high duty cycle on the vehicle
attitude control thrusters, therefore the in-flight stellar calibration was deleted to conserve
vehicle attifude control operations. The calibration materials 3401 and 3411 that normally would
have been used for this purpose were used instead to acquire low solar angle photography.

The PFA team made the following comments and recommendations:

1. A tag end of EK 3411 film should be incorporated in the terrain camera film supply
of 3401 film for in-flight calibration evaluation.

2. A tag end of EK 3410 film should be incorporated in the stellar supply to be used during
stellar film runout following normal mission operations.

3. Thirty frame pairs of stellar film were evaluated for number and quality of star images.

All frames recorded sufficient sixth magnitude and fainter star images. The 17 DN process
chemistry with EK 3400 film produced an image quality acceptable for mensuration.

4. The exposure values used for 1211 were recommended for the next mission, 1212,

5. The data derived from the chute taping experiments did not result in firm conclusions
regarding the benefits of aluminum tape on the stellar chutes. However, as a precautionary
measure, the first stellar chute section (following the supply), the fourth chute section, and the
fifth chute section should be covered with six layers of aluminum tape for mission 1212 (the
second and third sections are flexible and cannot be taped).
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Mission number
Total accessed
Trilap mode
Bilap mode
Mono mode

Redundant coverage
within each mission

Redundant mission-to-

mission coverage

1205
5,894
4,457

719
718

71

Table 7-2 — Mapping Camera Coverage—By Mission
(Thousands of Square Nautical Miles)

1206
6,282
4,936

873
673

154

166

1207
6,671
5,021

825
825

579

410

1208
6,487
4,418
1,035
1,034

221

977

1209
6,773
4,892

941
940

188

1,437

1210
6,668
4,547
1,062
1,059

330

1,450

1211
6,919
4,652
1,136
1,131

390

1,768

1212
7,363
4,293
1,536
1,534

307

770

1213
7,688
4,939
1,375
1,374

188

1,206

1214 1215
13,236 13,782
5,933 8,688
4,401 2,554
2,902 2,540
N/A N/A
222 3,344

1216
16,485
9,317
3,469
3,698

N/A

N/A
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Star Sensor System (§°)

On 16 March 1976, Lt. Colonel Clark Lehmann (SAFSP) sent a message to the DMA (Owen
W. Williams/Dennis E. Moellman) as follows:

1. The following requirements statement was used in the recent SAFSP Star Sensor
Technical Evaluation. Request you coordinate this within DMA and provide a formal requirements
statement to the NRO at the earliest possible time.

2. Requirements

a. The Defense Mapping Agency is responsible for providing precise geodetic positions
of predetermined targets for all Department of Defense missile systems. DMA
has been tasked to achieve, as a technical objective, point target positioning to within
an accuracy of 23 meters horizontal circular error (90 percent reliable) and 17
meters vertical linear error (90 percent reliable) to support the advanced ICBM
(MX) system targeting.

b. A recent decision was made to discontinue the current HEXAGON Mapping Camera
Subsystem after SV-16 and modify the HEXAGQON system to permit the panoramic
cameras to satisfy the aforementioned point positioning requirement. The metric
panoramic system requires the following six HEXAGON system capabilities to do
that job:

(1) Attitude rate. The attitude rate of the system must be known on a continuous
basis to 1.5 arc-seconds/second at one sigma. This capability exists now.

(2) Satellite vehicle ephemeris. The position of the vehicle must be known for each
photographic exposure to within 30 feet, one sigma, in track, cross track, and
radially. This will be possible with NAVPAC effective with SV-13.

(3) Exposure time. The exposure time of any portion of the pan photograph must
be determined to within 0.1 millisecond, one sigma, a tie-in between the NAVPAC
clock and the pan camera system on SV-14 will provide the capability.

(4) Camera calibration. The pan sensor must be calibrated so that photographic
distortions can be removed to permit the location of a point on the film format
to an accuracy of 10 micrometers, one sigma, in both the in-track and cross-
track directions. Calibration will be available with SV-14.

(5) Absolute attitude. The absolute attitude of each pan sensor line-of -sight must
be known to within 5 arc-seconds, one sigma, with respect to the three axes of
the local vertical throughout the limits of the scan.

(6) Relative attitude. The relative attitude of one pan sensor line-of -sight to the
other pan sensor line-of -sight for any given set of stereo exposures must be
known to within 5 arc-seconds, one sigma, for each axis.

(7) The star sensors under study for SV-17 and beyond must permit absolute and
relative attitude determination accuracies of 5 arc-seconds and 3 arc-seconds,
respectively, for the metric pan system.
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Ultra-Thin-Base (UTB) Film Implementation

On 3 June 1976, SAFSP (Colonel Lehmann/ILt. Colonel Guy Welch/Major Ronald G. Toman)
advised the NRO (Mr. Jimmie Hill/ Lt. Colonel Larry D. Beers) and the DMA (Owen W. Williams/
Mr. Mark Macomber) via message that UTB film feasibility testing on the prototype MCS was in
progress and that no problems had surfaced which would preclude using UTB in the MCS.* If the
current tests were successful, then a tag-end strip of UTB on mission 1213 and a full load of UTB
on 1214, 1215, and 1216 would be feasible. The message further advised that the following additional
actions must be taken before UTB could be flown on 1213;

1. Design and build special film path alignment fixtures.

2. Gemnerate new film tracking procedures and verify system tracking capability.
3. Determine alignment sensitivity.

4, Validate interface control document requirements/constraints.

5

. Demate the MCS from MCS-13, establish UTB film path alignment, and run a chamber
(A-1) thermal vacuum test,

6. Verify RV cut and seal capability with UTB.

The funds required to complete the activities outlined above were identified by amount and
date required in order to protect the January 1977 launch of 1213. On 23 June, DMA advised the
NRO and SAFSP that the necessary funds would be furnished as requested.

Under the supervision of Grant D. Ross, Itek Program Operations Manager, the special
film path alignment fixtures were designed and built by Itek personnel at Sunnyvale, (J. Alfred
Shamble) and Lexington (Serge Kunica) and new film tracking procedures were drawn up to verify
system tracking capability. Concurrently, Lockheed verified by test the capability of the cut and
seal subsystem to perform this most important function with the UTB film.

With the UTB feasibility testing in process, on 29 September 1976, Welch (SAFSP) sent a
message to J. Webb (DMA) informing DMA of the progress. The sensitivity tests had shown that
the UTB mistracking tolerance was less than STB. Additionally, a full-spool tracking test on a
flight system at Lockheed had disclosed that a critical roller must be aligned very precisely.
From the data presented, it was concluded that the following actions should be taken:

1. Incorporate a wobble roller in the L section.

2. Investigate the use of wobble rollers in the B, E, and G sections of the film path as
well, to further desensitize roller alignment.

3. Compare a worst case computer analysis of the mobile structure to identify expected
deformations.

4. Incorporate the required modifications and perform another full-spool tracking test
on a flight system.

Welch advised that no additional funds would be required at that time to perform these
additional te_sts, and that SAFSP was targeting for a late December date to make a decision as
to the MCS’s capability to track a full spool of UTB on SV-14.

*Investigations and actions which led to the eventual incorporation of UTB in the MCS were
initiated as early as September 1971,
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Along with the technical feasibility of using UTB film in the MCS, Itek had been looking
at the contractual aspects of this endeavor. On 21 January 1977, Itek program contractual and
technical management (Dana Jones/R. Manent/M. Burnett) sent a message to SAFSP program
contractual and technical management (Harry Potts /G. Welch) addressing both the subjects of
UTB utilization and extended operational life for the mission 1213 MCS. The message stated
that SV-13 was programmed to contain approximately 100 feet of UTB film to be spliced after
the 3401 calibration mode film, but that Itek had not completed the studies or concluded that UTB
film could be transported without incident.* Therefore, if UTB were transported by the MCS in
SV -13, any anomalies associated with the UTB film would not be considered as proportional
critical events in determining the mission performance score. Further, it was also understood
that the MCS on mission 1213 would be programmed for operation beyond the time/revolutions
(60 days/960 revs) specified in the contract. It was Itek’s position that their liability for per-
formance incentive penalities ceased when the mission reached those specified limits, SAFSP
concurred with Itek’s interpretation in a message dated 31 January 1977.

*As recorded elsewhere in this history, UTB was utilized successfully on missions 1213
and 1214, and UUTB on missions 1215 and 1216. But since Itek was under a performance incentive
type contract, and the MCS had not been originally designed or qualified for UTB film, they felt
they must reach certain contractual agreements in advance of committing a mission to a full
load of UTB.
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Mission 1212 (SV-12)

The eighth mission was fully operational and anomaly free for 62 days on orbit, from
8 July 1976 to 8 September 1976.

This, the eighth MCS flown, had the longest mission life to that date, and produced the best
image quality to that date, with VEM analysis reported at 95 lines/mm with a high of 134 lines/mm.
Star imagery was good from both stellar units, with each stellar frame that was evaluated recording
sufficient 6th magnitude and fainter star images.

Despite the algorithm tendency for slight overexposure on this mission (0.07 log-E algorithm
error), the average measured exposure was virtually at nominal.

The calibrate mode operation was conducted on rev 994. Two separate calibration operates
were programmed at 20 -degree intervals using 3401 film in the terrain camera and 3400 in the
stellar camera.

The PFA team provided the following conclusions and recommendations in the final PFA
Report:

1. In an effort to evaluate the effect of adding aluminum tape to the stellar film chutes,
density measurements were made to interframe spaces at selected points in the mission and data
plotted against inactive time between operates. These plots showed a detectable trend that
continues to indicate that the base -plus-fog levels of the stellar film are increasing relative to
time in the film path. This practice and evaluation will continue on all remaining systems.

2. The exposure of the 3414 film in the terrain camera was measured to be within 0.01
log-E of nominal, with the algorithm error of 0.07 log-E continuing to be significantly less than
the camera error due to the three-step-exposure function. Therefore, it is recommended that
exposures for mission 1213 be essentially the same as those used in the past two missions.

3. There will be no further engineering tests using 3410 and 3411 films for the mapping
camera. The 3410 and 3411 films are replacements for 3400 and 3401 films, respectively. There
are sufficient 3400 and 3401 films in storage to complete MCS program requirements. Continued
use of STB 3400 film will require one splice in the operational film.

4, The terrain film load for mission 1213 will contain an add-on of UTB film, 1414. This
film is an ultra-thin-base material with the same emulsion characteristics as 3414, and the test
strip will be used to provide additional data regarding the use of UTB as a prime terrain camera
film.
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Mission 1213 (SV-13)

The ninth mission was launched at 11:30:00 (PDT) on 27 June 1977 and recovered via routine
air catch on 17 October 1977. The system was operational and anomaly free for 112 days on
orbit, the longest mission to that date.

The image quality produced by the terrain camera was comparable to past missions, with
an average equivalent resolution derived by VEM analysis of 94 lines/mm. Each stellar camera
recorded sufficient 6th magnitude and fainter star images.

Microdensitometer analysis of terrain urban area imagery indicated an average exposure
of 0.03 log-E above the nominal. The small error was apparently due to the system shutter
granularity since the algorithm error measured only 0.01 log-E. No algorithm change was
recommended for the next mission, 1214.

Calibrate mode operation was conducted on rev 1677/1678. Two separate calibration
operates were programmed at 20-degree intervals using 3401 film in the terrain camera.

The PFA team reported the following conclusions and recommendations in the PFA report:

1. Analyses performed on ultra-thin-base films (1414, SO-344) for the terrain and stellar
cameras indicated film distortions were within acceptable limits.

2. Exposures for the next mission, 1214, would be essentially the same as on the past
three missions. ‘

3. The overall concensus of the PFA team was that UTB film would be acceptable as the
prime load for the next three missions, 1214, 1215, and 1216.

4, Special film studies would be implemented for mission 1214. PFA analyses would be
performed on SO-208 and SO-315 add-ons to the terrain film supply to be operated at the
end of the normal mission.
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Mission 1214 (SV-14)

The tenth mission was launched at 10:39:37 (PST) on 16 March 1978 and recovered by routine
air catch on rev 1902 on 11 July 1978. The system was operational for 117 days, making it the
longest mission as of that date.

This was the first MCS to utilize 1414 (1.5-mil) ultra-thin-base film (UTB) as the prime
load in the terrain camera and QX -817 film (UTB) in the stellar cameras. Post flight analyses
conducted at the processing site, the contractor’s facility, and the Defense Mapping Agency showed
that mission objectives were met with a high level of success. Tag ends of (1.2-mil) UUTB film
(S0O-315 and S0-208) were successfully exposed in the terrain camera on this mission.

The image quality produced by the terrain camera on 1414 film was comparable to past
MCS missions. An average equivalent resolution derived by Visual Edge Matching (VEM) analysis
was 91 lines/mm. Star imagery was good from both stellar cameras. On evaluated frames, each
camera recorded an adequate number of star images (6th magnitude or fainter).

Density measurements made on the terrain film at the processing facility indicated exposure
levels were within algorithm limits,

The calibrate mode operation was conducted on rev 1659, exposing 17 frames of 3401 film
in the terrain camera. Sets 9 through 12 were used for the in-flight calibration.

There were three anomalies during operations:

1. Forward motion compensation (FMC) phase-lock drop-out on one frame each of rev 298
and rev 837. Analysis of telemetry and photography acquired during this anomaly indicated there
was no effect on system operation or results.

2. Failure of the terrain thermal door on rev 869. The following summarizes the sequence
of events/actions surrounding this problem:

e Telemetry data from a 6-frame operate on rev 869 indicated abnormal operation of the
terrain thermal shutter (also referred to as thermal door).

e The thermal shutter monitor indicated a delay in reaching the 30 -degree position and
failure to reach the 93 -degree open position on frame 6 of rev 869. During the
closing phase, the monitor showed the shutter reached the 30-degree position sooner
than normal.

e The MCS current monitor indicated excessive current during the “thermal shutter
closed” time of frames 5 and 6.

e A one-frame engineering operale was executed on rev 875. The thermal shutter door
opened but did not close to the 30-degree position.

e Real-time analysis indicated a potential for a catastrophic failure of the terrain
shutter (closed position).

e An “Emergency Open” command was executed to open the thermal shutter. MCS
operations were completed with the door in the open position.

e A thermal analysis of the terrain lens was conducted to predict temperature levels
‘and possible effects on lens calibration. :

e “Solo” tests (following MCS RV recovery) were conducted to gain additional data for
failure analysis. The terrain thermal door was reset to normal operational con-
figuration on rev 1916.
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e The thermal shutter would not respond in a normal manner during solo operations.
Temperatures of the terrain window and current levels indicated the door was binding
in a partially closed position.

Analysis of thermal data, imagery, and calibration results indicated the following:

e The average stabilized temperature of the terrain lens dropped from 74.0-74.2°F
(prior to rev 869) to 69.8-70.2°F (following rev 869).

e There was no noticeable effect on imagery obtained after rev 869,

e There were no differences in metric measurements made before and after rev 869
that could be atiributed to the open thermal shutter.

This was the first problem experienced with the terrain thermal shutter during mission
operations since the first flight (1205). Because a failure of the shutter in a closed position or
partially open/closed position would result in a catastrophic failure, engineering investigation,
rework, and test were again substantial, as they were following the 1205 anomaly.

The failure appeared to be of a mechanical bind nature, so emphasis was placed on areas
where the mechanism might become misaligned or sluggish due to the temperature environment,
Shafts on which gear mechanisms were mounted were modified, spacers added, and a different
gear pinning technique incorporated, all of the above directed toward lessening the chance of a
temperature-induced bind. Concurrently with the mechanical investigation, tests of lubricants
were conducted. It was found in component thermal testing that the lubricant caused sluggish
operation of the thermal shutter when exposed to temperatures below 10°F. The Aerospace
Corporation recommended that tests be conducted with a substitute lubricant “Brayeote,” a
synthetic lubricant in successful use on other space systems. Thermal testing with this lubricant
showed no evidence of sluggishness in the mechanism in the temperature range of ~35°F to +125°F.
Although there was not conclusive evidence that the lubricant had contributed to the problem on
1214, data from thermal testing of the two lubricants strongly indicated that it would be in order
to change lubricants, and this was done for the remaining systems.

Qualification of the refurbished thermal shutter was done at the subassembly level in two
steps. First the refurbished prototype shutter with the new lubricant was put through hot and
cold cycling, followed with 25,000 cycles in a vacuum chamber. Then, the refurbished shutter
for the next flight system (1215) was put through hot and cold cycling followed by 10,000 cycles
in a vacuum chamber. There were no malfunctions during any of these tests and the shutter was
therefore considered fully qualified for flight.

3. Thermal zone failure. Telemetry data on rev 1305 indicated that one of the MCS heater
zones had tripped “off.” The decision was made to leave the thermal zone tripped until after the
primary mission was complete. All temperatures remained within acceptable limits. During the
solo test phase of the mission, the heater zone was reset by command on rev 1895. The average
temperatures decreased by the amount they had increased after the heater zone tripped (approxi-
mately 1/2°F). The heater zone again tripped on rev 1902. Neither the current monitor nor any
temperature monitor provided encugh information to identify the faulty heater zone.

The conclusions, recommendations, and action items from the PFA final report were as
follows:

1. Analysis completed by all members of the PFA team indicated that metric and
photographic performance requirements for mission 1214 were satisfied.
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2. Image and metric analyses performed on SO-208 and SO-315 films indicated that either
film would be acceptable for use. However, SO-315 provides a higher quality image, enhancing
the usability. The PFA team therefore recommended UUTB film (SG-315) for use in the terrain
camera for missions 1215 and 1216. The recommendation was a result of analyses performed
on available flight/operational data, laboratory test data, and information derived from the
completion of action assigned in the mission 1213 PFA report (SO-208/S0-315 evaluation),

3. The exposure values for mission 1215, using S0-315 film, would be derived from the
same algorithm as was used on mission 1214, Exposure criteria would be reviewed for mission
1215 to ensure that all questions and considerations had been resolved.

4. Continued analyses would be performed to determine an optimum duplicating film
compatible with SO-315.

5. Coordination with operations planning would ensure that the first frame of operation
(normally health check) would be programmed over terrain during daylight hours. This would
aid in triggering the automatic frame titler during the processing operation.

6. Coordination with operations would be accomplished for planning Bar XC acquisitions
on each spliced segment of SC-315 film.
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Mission 1215 (SV-15)

The eleventh mission was launched to 10:30:01 (PST) on 16 March 1979 and recovered by
routine air catch on 12 July 1879. The system was operational for 118 days on orbit, one day
longer than mission 1214. This was the first MCS to utilize S0-315 (1.2-mil-base) film as the
prime load in the terrain camera.

The image quality was higher than on past MCS missions. An average equivalent resclution
derived by visual edge matching (VEM) analysis was 100 lines/mm. Star imagery was good, with
both cameras registering 6th magnitude and fainter stars.

Microdensitometric analysis of terrain camera imagery on S0O-315 showed the exposure to
be nominal with respect to the aim density of 1.0 above base plus fog.

The calibrate mode operation was conducted on rev 1900 exposing 17 frames on 3401 film
in the terrain camera and matching sfellar frame pairs. Six sets were used for the in-flight
calibration.

Four anomalies occurred during the mission:

1. Terrain transport phase lock drop-out occurred on one frame of rev 65 and three frames
of rev 557. Analysis of telemetry and photography acquired during this anomaly indicated there
was no effect on system operation or performance.

2. Telemetry data from a 12-frame operate on rev 119 indicated that the terrain thermal
shutter did not open on command. The following summarizes the sequencé of events/actions
surrounding this problem.

e On rev 126 a two-frame engineering op was conducted in the normal and redundant
modes. The terrain thermal door remained closed.

e On rev 130 the door was opened using the “emergency open” sequence. Window
temperatures were stabilized at 69.7°F by rev 142,

e All subsequent MCS operations were completed with the door open. No noticeable
effect on imagery was observed.

e Analyses of flight data, solo test data, and ground simulation test data determined
that the most probable cause was a short circuit on the “opening” side of the motor.
The engineering aspects of the terrain thermal shutter problem were handled
through established failure report procedures.

3. The heater zone tripped off on rev 289. Due to overlapping heater zone design, the
effect of one heater zone is minimal; therefore, the decision was made to leave the thermal
zone tripped until after the primary mission was complete. All temperatures remained within
acceptable limits for the remainder of the mission. Testing during solo operations and flight
data analysis failed to identify the faulty zone. There is a probable relation to the opened thermal
shulter since a similar occurrence was observed on SV-14 after the thermal shutter was opened
by the emergency sequence.

4. On rev 313, the metering length of the first frame of a 6-frame operate was short. This
eliminated the interframe space between frames 1 and 2 and caused the data block for one frame
to be masked by imagery. Analysis of telemetry and processed film were unable to define the
cause of this anomaly. There was no loss of imagery.
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Miggion 1216 (SV-16)

During the pre-launch briefing at Vandenberg on 16 June 1980 for a scheduled 17 June
launch of mission 1216 (SV-16), the final mapping camera mission, Major General John E. Kulpa,
SAFSP Director, expressed his appreciation and congratulations to all MCS participants for
their roles in this “exceptionally successful” program.

Following a one-day hold to analyze a booster anomaly, SV-16 was launched at 11:30 PDT
on 18 June and the RV was recovered by routine air snatch on 14 October 1980. The system was
operational for 118 days on orblt the film load in the terrain camera being expended on operation
529, rev 1901.

Two cycles after the tag end left the supply spool, the camera ceased to operate due to
film jamming as a result of the loss of film tension. As on mission 1207, this prevented trans-
porting all of the calibrated photography into the recovery vehicle. Twelve complete frames of
terrain calibration film (3401) and four frame pairs of stellar film (QX-817) were recovered.

This was the second MCS to use 80-315 (UUTB) film as the primary load in the terrain
camera. Resolution and quality were comparable to the previous mission (1215). An average
equivalent resolution of 99 lines/mm was derived by VEM analysis. The exposure of the terrain
film as determined visually and by microdensitometer was within algorithm limits. Micro-
densitometer analysis of 56 urban/industrial acquisitions indicated normal exposure.

Quality and magnitude of star images acquired by the stellar cameras were adequate for
mensuration, A visual star count showed an average of 23 images on the port camera photography
and 31 star images on the starboard camera photography.

There were two anomalies noted at the post flight analysis meeting. Playback data from
MCS operations beginning with rev 123 showed random occurrences of slow thermal shutter open
or slow thermal shutter close times. This data was indicative of mechanical binding. To preclude
the possibility of shutter hangup in a partially open or closed position, the thermal shutter was
commanded “open” on rev 162 and left open for the remainder of the mission. An evaluation
performed by the PFA team did not show any image degradation due to the shutter being open.

The other anomaly was light “plus density” marks appearing randomly throughout the
mission., The frequency of the marks was noticeably reduced after the first one-third of the
mission. The marks were about 1/8-inch wide and perpendicular to the web of thefilm, starting
about 1/2 inch from the non-tilted edge and extending about 2Y} inches (variable) into the frame.
The cause of the plus density marks was judged to be a film roller pressure mark associated
with the start of an operate. These markings appeared to be of little or no consequence to the
usability of the photography.

At the conclusion of the post flight analysis message the PFA chairman, Captain David
Anderson wrote in the following comments; “Mission 1216-5 is the last of 12 highly successful
MCS missions. Since mission 1205, these systems have produced about 29,000 frames of photo-
graphy covering approximately 103 million square miles of the earth’s surface (includes redundant
coverage). During this time the resolution and number of frames per system has been doubled
from the original specification as a result of minor design changes and photographic film
improvements., Those involved in this program deserve to be proud of their contributions to the
MC&G commumty ”
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CLOSEQUT OF THE OPERATIONAL PHASE

The HEXAGON Mapping Camera Program, initially programmed to involve six flight
systems with coverage beginning in February 1973 at the frequency of three missions per year,
had been extended o twelve systems decreasing in frequency to one each year, thus extending
the active portion of the program to October 1880. The program “stretches” were the results
of the ever-increasing mission duration capability of the basic HEXAGON system (31 to 180+
days) and the intermix of community requirements from HEXAGON and other satellite recon-
naissance programs.

In 1979, with the completion of the MCS program drawing near, thought was being given
to personnel phasedown and other program closeout related activities. In this vein, on 9 Jjuly 1978,
a message was sent from SAFSP (Colonel Les McChristian/Captain David Anderson) to the DMA
and associate contractors relative to the preparation of an MCS program history. The message
was addressed to: Itek (R. Manent, D. Jones, W. Williamson, M. Burnett), EK, DMA (Ruben Cook,
Lon Smith, Charles Harris), and NPIC (Major Eddie J. Rising, ). Inthe message, SAFSP stated
“with the conclusion of the highly successful MCS Program in sight, it seems appropriate that a
history be written. Over the past few weeks discussions have taken place between DMA, SAFSP,
and Itek personnel on this subject. As a result of these dicussions, an outline and schedule has
been assembled. In addition, the agencies best qualified to author each section were identified.
We expect this report to be approximately 100 pages and be controlled in both product and Byeman
systems. The responsibility for editing and publication will be Barney Burnett’s (Itek). It wiil
also be the responsibility of B. Burnett to assemble those areas that have joint responsibilities.”

The outline for the proposed history which had been formulated from the referenced dis-
cussions was given in the message with requests that all participants review and provide comments
promptly, identifying project officers. The idea here was to work on the history as time permitted
throughout the remaining active months of the program and have it essentially complete by the end
of the program, rather than the usual practice of starting on the history at some point in time
following completion of a program.

In September, both DMA and EK responded with their comments/suggested changes to the
outline, and named project officers. The project officer for DMA was to be Ruben Cock and for
EK, Joseph Russo.

By November 1979, another idea which had been suggested earlier as a possibility was
beginning to receive quite a bit of interest, This was an idea taken from the predecessor
CORONA program, i.e., the use of residue subassemblies and components to build up an MCS for
a classified museum display. The idea was put on the back burner but kept alive until the middle
of 1980 when it became clear that there would be no use for the residue parts for additional
systems.* In September 1980, following discussions with Lon Smith (DMA) and agreements
with DMA (who was to be the recipient of the museum piece), SAFSP gave Itek the formal go-ahead
to build up the museum piece using the Lockheed APSA qual structure, Itek prototype and spare
subassemblies, and a spare General Electric Mark V recovery vehicle. The build-up was
accomplished at the Itek Morse Avenue Facility in Sunnyvale, California, being completed in
December and delivered and assembled at the DMA Hydrographic Topographic Center in January
1981. (See Fig. 7-2 for a photograph of the museum piece in place at DMA.)

*Itek and Lockheed had proposed that by the use of mainly existing parts and existing
trained personnel, one additional MCS could be put together for a very reasonable cost for use
on SV-17 or SV-18, should a gap develop for one reason or another in the switch from the MCS
to the metric panoramic concept (S*) scheduled for SV-17 and subsequent HEXAGON vehicles.
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Fig. 1-2 — HEXAGON Program museum display
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SECTION 8
KH-9 PRODUCTS AND IMAGERY

A variety of products are produced by DMA directly from MCS photography or through the
use of this photography as a control medium for high resolution photography employed in the
production process. The following are examples of these products.

MEDIUM AND SMALL SCALE MAPS AND CHARTS

Topographic, aeronautical, and hydrographic map/chart production at 1:200,000 and smaller
scales can be compiled directly from MCS photography controlled to the CCN and supplementary
control. High resolution photography is used on medium scale products for intensification of
features using the features compiled from MCS as control for placement on the map/chart manu-
script.

LARGE (1:50,000) SCALE TOPOGRAPHIC LINE MAPS
The production of these maps requires primarily the following intermediate products:

e Orthophoto
e Source package
e Elevation data

Ground control derived from MCS imagery is used to control production of elevation data and an
orthophoto from high resolution imagery. This orthophoto process, which involves the RPIE and
OLOPS equipment, was referred to earlier. Using the high resolution orthophoto, planimetric
information is traced manually on an overlay. From the orthophoto, approximately 85% of the
required detail can be obtained directly; the balance is obtained by referring back to the source
material from which the orthophoto was produced. The overlays are completed manually, using
a zoom transfer scope and rectified photography. Upon completion, the overlay is digitized,
edited, and plotted ready for reproduction. The elevation data are plotted and updated, using a
zoom transfer scope and original photography. All plots are given a final registration check and
made ready for lithographic reproduction.

DIGITAL DATA

DMA produces digital terrain and feature data used separately or together to support
advanced weapon systems. These systems include Cruise Missile, Firefinder, Pershing II, SIOP
route and mission planning, and Radar Navigation Trainers {e.g., aircraft simulators). Develop-
ing the required digital data to support these advanced DoD systems is one of DMA’s newer
missions. The production of digital terrain and feature data employing MCS photography involves
the following:
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Digital Terrain Elevation Data (DTED)

DTED is produced to meet various data density and accuracy requirements of DoD users.
DTED produced from MCS photography is compiled at 3 arc-second intervals (approximately
300 feet) of horizontal spacing with a vertical accuracy to mean sea level of 30 meters. DTED
is used for mission planning (e.g., Cruise Missile), route penetration analysis, and for radar
simulations. This data is also used, if the terrain meets the required roughness of approximately
600-foot elevation differences, for producing landfall and enroute TERCOM matrices. The data
intervals and direction are extracted and reformatted at various sizes for TERCOM. Mission
planners make use of DTED in avoiding offensive weapons systems by flying low, around threats,
or behind hills. DTED is also used in conjunction with DFAD (discussed below) for weapon
system simulators such as for the EA6B, F-16, B-52, EA-2C, C-130, and the A-6.

Improved production methods have been developed in order to generate the increasing
volume of required digital data from the KH-9 system. Two of the major development technologies
were in the photographic measurement of the elevation data and in digital data computer flow. New
AS-11B1/ACE and UNAMACE automated stereoplotter software and a related Integrated Photo-
grammetric Instrumentation Network (IPIN) were developed to accomplish these critical milestones
and to meet the digital data collection requirements. Approximately 2.5 million nautical square
miles of digital data have been generated in priority areas from KH-9 mission photography taken
primarily by MCS. In addition, there have been over 1,000 TERCOM matrices produced from MCS
and the KH-9 Panoramic Camera System.

Digital Feature Analysis Data (DFAD)

Orthophotos produced from MCS photography are used as a control medium for positioning
of features on a manuscript overlay. High resolution source material is used for the identification
and classification of features. Height measurements of significant features are also performed
with the high resolution material. The manuscripts are digitized with automated line following or
scanning equipment and subsequently processed into final product user format with specialized
computer software. These data, used in conjunction with DTED, have many uses, including air-
craft flight simulators, weapons system terminal guidance reference scenes, shipboard radar
navigation, and source data files for automated map/chart compilation.

POINT POSITIONING

Precise positional information is produced using MCS materials for strategic and tactical
targeting and navigation purposes.

Target and navigation fix point positioning with the MCS materials can be accomplished
using CCN control or by the “direct positioning” method to the accuracies shown above. The
direct positioning technique is based upon a constrained analytical photogrammetric solution;
that is, constraining the exposure station positions and attitude information and deriving ground
positions of photo~identified point(s) using corrected photo-image coordinates. Evaluations are
obtained through the propagation of errors associated with exposure station positions, attitude
information, photo-measurements, etc. The direct positioning employed with the KH-9 MCS
materials is feasible since the required system parameters are determined to a high degree of
accuracy.

BIF-059W-23422/82

4
K)\PSECREVRUFH%AMH#HEMGQN_BYEMANWE

8-9 CONTROL SYSTEMS J LY

Approved for Release: 2018/09/11 C05099307




B e B2 W esesea s mes s ==

Approved for Release: 2018/09/11 C05099307

T ¢ EXAGON MCS HISTORY

Before the initial operational capability (IOC) of the KH-9 Mapping Camera System (mission
1205), the worldwide ephemeris accuracy for this system was predicted to be 48.7 meters hori-
zontal CE 90% and 15.2 meters vertical LE 90%. The ephemeris accuracy figures were based on
the one-sigma projected capability of 90 feet in-track, 60 feet cross-track, and 30 feet radial,
According to the covariance information of the earlier MCS missions (1205-1213), the ephemeris
points over Eurasia have approximate accuracies of 60 feet in-track, 40 feet cross-track, and
20 feet radial (horizontal 32.7 meters CE 90% and vertical 10.0 meters LE 90%). When adequate
satellite-to-satellite tracking data was added to the reductions (missions 1214-1216), the values
reduced to 30 feet in-track, 30 feet cross-track, and 20 feet radial (horizontal 19.6 meters CE 90%
and vertical 10.0 meters LE 90%). Combining the correlated ephemeris evaluation with the deter-
mined photogrammetric uncertainties gives the direct positioning capabilities of each MCS mission
over the Furasia landmass. The 90% values listed in the table below are presented as overall
accuracy estimates, However, in production application, the proper covariance matrices asso-
ciated with the individual photographic materials are rigorously projected into final product
evaluation.

Through the use of the KH-9 Mapping Camera System materials, over 70,000 positional
values of various targets were generated and achieved the accuracy requirements of DoD
components {refer to Table 8-1).

Table 8-1 — MCS Direct Positioning Accuracy
(Burasia Landmass)

Mission Horizontal CE 90% Vertical LE 90%
Number Meters Feet Meters Feet
1205 43 140 20 65
1206 40 130 20 65
1207 38 125 18 60
1208 38 125 18 60
1209 40 130 20 65
1210 37 120 20 65
1211 37 120 20 65
1212 37 120 18 60
1213 37 120 18 60
1214 24 80 20 65
1215 21 70 18 60
1216 TBD e TBD —
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Fig. 8-4 — Comparison, operational films—Sky Harbor, Phoenix, Arizona
20x enlargements
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Fig. 8-5 — Tag-on of QX~801 film—Dayton, Ohio; 2,5x enlargement
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Fig. 8-8 — Terrain photography-—DMAFB, Tucson, Arizona; 40x enlargement
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Fig. 8-9 — Terrain photography—Las Vegas, Nevada; 20x enlargement
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Fig. 8-10 — Terrain photography—Glen Canyon Dam, Arizona; 10x enlargement
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Fig. 8-11 — Terrain photography—Aswan Damé‘, UAR; 6x enlargement
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Fig. 8-12 — Terrain photography —Aswan, UAR; 20x eniargement
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Fig. 8-13 — Terrain photography—-Siberia, Asia; 4x enlargement
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Fig. 8-14 — Stereo pair-—low sun angle, USSR; contact print
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Fig. 8-15 — Stereo pair—Tucson, Arizona; contact pr‘int
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Fig. 8-16 — Stereo pair—Mount Logan, "Alaska; contact print
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Fig, 8-17 — Stellar photography; 15% enlargement
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Fig. 8-18 — Stellar photography-—calibration mode; 10x enlargement
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Fig. 8-19 — Stellar photography-—40x enlargements
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SECTION 9
SUMMARY

The use of earth satellites as a survey platform fo acquire large amounts of MC&G data in
a relatively short time, without incurring the political implications inherent in conventional
survey systems, has been the most significant technological advancement in mapping and geodesy
to take place in many years.

The HEXAGON (KH-9) Mapping Camera Program, when evaluated from both operational
and productivity points of view, must be rated as exceptionally successful.

From an engineering/operation aspect, there was no occasion during the 7-plus years of
operation wherein the MCS was responsible for schedule slippage or mission curtailment. Of the
total 29,972 frames of operational photography programmed during the twelve missions, only 127
were lost due to system malfunctions, with 80 of these losses occurring on the first flight. As
shown in the report, minor system modifications to enable the use of higher resoclution and thinner
base films, as they became available, increased performance and productivity dramatically.

From the point of view of accomplishment, the KH-9 MCS enabled production of photogram-
metric control for MC&G with approximately a 4-times improvement in the relative accuracy
(point-to-point) over the previous system (DISIC/Doppler 3-inch focal length), Although control
aspects (CCN) and positioning goals of the MCS were stressed in the original charter, the actual
mapping and charting application was the major bonus. The automatic and manual correlation
equipment’s use of MCS over panoramic camera material to generate required products provided
a 10-times saving in effort by the photogrammetric application and process.

The Mapping Camera System has also made possible the development of a Continental
Control Network (CCN) across most of the U.S.S.R. This network comprises photoidentifiable
ground points for which WGS coordinate values are computed. The unique feature of the Network
is that photography from a number of KH-9 missions has been adjusted simultaneously in a single
computed network. Using 1980 imagery, DMA plans to extend the network into Africa and South
America. This concept demonstrates what is, perhaps, one of the most significant contributions
of the MCS: giving the MC&G community a powerful tool for the establishment, through the use of
photogrammetric techniques, of a virtually world-wide system of accurately known ground control
for subsequent use in a wide variety of programs.

During the course of the program, there was a considerable turnover of director and
management personnel in the government and contractor organizations. In spite of this, the
highest level of dedication and team spirit was maintained throughout as a continuous thread;
this without doubt contributing significantly to program success. :
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