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PREFACE

Tais data book has been prepared by the Hational Reconnaissance Oflice
in cooneration with the HNational Photographic Interpnretation Center, the
Imagery Exploitation Subcommittee of COMIREX, and the Defense Mapping Agency.
It is intended to serve as a reference book for imageryv analvsts and others
associated with the exploitation community who wish to become familiar with
the Xi-§ system and its imagery and who also wish to develon skills in pre-
paring requests for special acquisitions, taking advantage of such factors
as exposure, look angle, frame length, sun angle, area coverage, etc., to
maximize the utilitv of the photography. '

This book supercedes the data book entitled The KH-8 Canera Svstem
(Vehicle 4& Series) (TCS-5677/77 dated February 1977) by presenting new
material tpat describes high-altitude acquisition capabilities (up to 471
nm) anc¢ some of the chaunges in the vehicle that vere required to achieve
tnese capabilities. Basic characteristics of the Xii-8 vehicles {lown on
Missions 4348 through 4331 (number of recoverv vehicles, stereo mirror
positions, roll capabilities, number of film strands and capability
of using difrerent film types film titling, ete.) remain unchanged.
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INTRODUCTION

Tne KH-8 dual-mode camera svstem, like its Block 48 camera svsten prede-
cessors, is a satellite-borne photographic reconnaissance svstem desianed to
gatner high-resolution photography. The KH-8 originally was desizned tor
point target surveillance. The addition of an extended altitude capabilicvy
(EAC) in tne dual-mode configuration allows operation at higher altitudes,
which results in wider swath coverage at greater ground resolved distances
with scarcn mode requirements.

Various system improvements and modifications have been incorporated,
effective with Flignt lodel 52, to achieve this increase in flexibility
and utility for the Kii-€ caméra system (see Table I).

TABLE I
DUAL-MODE IMPROVEMENTS

SYSTEM PERFORMANCE

eixtended altitude capabilitv (68 to 470 om)

eMultiple-range rilm drive speed control (two high, two low)
*9) to 120 dav lifetime

sFocus sensing possible over entire slant range

eixpose ancillary data at all film drive speeds

eAdditional smear slits for high mode

ehiigner thrust SRV rocket motors » ‘
eVariable recovery sequence timers on both recovery vehicles

ACQUISITIOX CAPABILITY

slncrecased area coverage at high altitude (17 million square nm votential) .
eCrisis reaction capability '

slse of very aigh resolution films

elncreased frame potential (to 25,000)

sSophisticated target conflicting and sclection software

eFlexible modes of operation (i.ce., can serve various mission scenarios)

As o consequence of these new capabilities, a KH=8 mission can now be
flown in three different wavs: (1) an entire mission at low altitudes to obtain
the nighest qualicy imagery of techineal intelligence targets; (2)an entire
mission at nigh altitudes = as bigh as 470 am = to satisfy o signiinicant
portion of standing scarch requirements; or (3) a combination of missions,
witn halr the film expended at high or lov altitude and returned, and the
remiinder expended at the other altitude.
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- CAMERA SYSTEM CHARACTERISTICS

The dual-platen camera is a strip camera with several unique features
that permit the imaging of targets over a wide range of altitudes, slant
ranges, and exposure conditions. Since the camera system utilizes 9.5-inch
wide and S5-inch wide films independently or simultaneously, two different
film types may be available at any one time, offering wider latitude in
imaging a target.* This freedom of choice is further emhanced by the
availability of independent variable exposure mechanisms provided for each
platen.

LIGHT PATH

Light is gathered from the scene beneath the vehicle and reflected by
a tiltable mirror (the stereo mirror) to a focusing mirror at one end of"
the camera. This mirror concentrates the bundle of light and directs it

Lee B i B - B e BN -

through a correcting lens toward the imaging platens. The resulting focused

ray of light is then imaged directly on the 9-inch film platen and, by means

of a narrow reflecting prism, also on the 5-inch film platen. It is this
imaging of a single ray of light on two separate platens that enables the
system to take simultaneous or independent photography of a single target.

The reflecting prism for the 5-~inch platen is below the optical axis
of the 9-inch platen, causing the 5-inch line of sight (LOS) to be directed
aft of the 9-inch LOS. The effect of this offset is illustrated in Figure
1, which also shows the magnitude of this offset in nautical miles as a
function of slant range.

The stereo mirror can direct the line of sight at right angles to the

vehicle motion (at the nadir if no vehicle roll is present) and 8.65 degrees

forward and aft. The imaging capabilities realized by this flexibility
are described in the section entitled "Modes of Operation.”

IMAGE MOTION COMPENSATION (IMC)

Vehicle velocity, earth rotation, and variations in terrain elevation
combine to produce considerable differential motion between an orbiting
vehicle and a scene to be photographed (i.e., images projected on the
platens are moving at different speeds depending on their position along
the slit). The dual-mode camera system employs two means to eliminate this
relative image motion during photography. First, the stereo mirror is
rotated about the center of its supporting yoke to a calculated crab angle,

*For convenience’s sake, the wider rilm subsvstem is Ldl]ed the 9-inch sub-
system through the rest of the manual.
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which reduces cross-track axial image velocity, within the discrete limits
of the crab settings, to near zero. Selection of the crab angle for each
frame is based on both image velocity vector alignment and pointing con-
siderations. Second, the film is driven at a calculated speed  that matches
the in-track axial image velocity for the crabbed system.

Since differences in crab angle between the 9-inch subsystem and the
S-inch subsystem are negligible, pointing and IMC parameters for a given
target are calculated for whichever of the two subsystems is the primary
camera for that acquisition and used for both.

The displacement of the lines of sight between the 9~inch and 5-inch,
subsystems as shown in Figure 1, require different filw-drive speeds if
proper image motion compensation (IMC) is to be achieved for both. Since
there is only one film drive speed (FDS) memory in the command processor,
only one film drive speed may be commanded at any given time. This pre-
sents a conflict in cases when the two subsystems are operating simultaneously
with different FDS steps required for each. The operational software
chooses which subsystem to optimize in such cases (usually the 9-inch sub-
system is preferred), and the other subsystem is then operated at a less~
than-optimum FDS, resulting in some minor image degradation (smear).

Film drive speed varies inversely with vehicle-to-target distance
(slant range). Calculations of limiting cases (maximum and minimum speeds
in inches/second) show that it is possible to obtain photographs with
correct film-drive velocities at target ranges from 68 NM to about 470 NM.

EXPOSURE

In a frame camera, the amount of energy falling on the film is controlled

by a combination of the shutter speed (exposure time) and the lens aperture.
With a fixed aperture strip camera such as the KH-8, this energy is con-
trolled entirely by the slit width.

Exposure for the KH-8 dual-mode svstem is controlled by positioning
moveable blades in front of each platen which are capable of providing 16
slit openings for each subsystem, ranging from 0.0040" to 0.3000". The
ratio between successive slit settings is approximately 1.334, and the
maximum time needed to change from one slit to an adjacent one is 1.0 second.

The slits are also used to place additional information on the films
to ald in post-flight analyses. Light-emitting diodes (LEDs), controlled
by the camera electronics assembly modules, produce data tracks (vehicle
clock information) in both subsystems. Interframe marks are produced
along the edge of the film by apertures illuminated by incandescent lamps
that are also controlled by the camera electronics assembly. The slit
blades, in addition to controlling exposure levels, -generate fiducial lines
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to delineate the main scene and provide the smear slits that create
a double exposure for use in detecting and measuring smear.

FILM SWATH WIDTHS

Figure 2 graphs the approximate swath widths for each subsystem over

~ a range of altitudes, obliquity angles, and stereo angles. Optical pro-
perties of the KH-8 dual-mode camera system are summarized in Table II.

General system characteristics are sumarized in Table III.

TABLE 11

OPTICAL PROPERTIES SUMMARY

Effective focal length
Aperture diameter (primary mirror)

f number (9-inch system)

Type

Configuration

Semi~-field angle: 9-inch

175 inches -
43.5 inches
4,02 nominal

Aspheric reflectoi' with five- .
element Ross corrector

Optical path folded'by stereo

~ mirror; optical axis passes

through stereo mirror

1.45 degrees

5-inch

Stereo angle of line-of-sight,
with respect to nadir (deg)

Crab-angle range (deg)

Peak static resolution, Vehicle
51 (geometric mean)

0.74 degree

-8.65, 0, +8.65

-3.85 to +3.85

-.ines /mm*

"-'IS.'lslcd‘ on 2:1 contrast at film planc, threshold modulation

= 0.0170 + 2.07 X 10°7v 2for $0-409Y at nominal exposure.
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TABLE III

»-v'-r-—'ﬂi

Ki~-8 DUAL—MODE HISSION PARAMETER AND SYSTEM CHARACTERISTICS

- :
‘ ITEM CHARACTERISTIC

r_' Target ranges 68 to 470 nm

L Theoretical orbit inclination 82 to 120 degrees {perigee

anywhere in orbit)

[- Mission duration 20 to 129 days
[- Direction of travel during North or south (south descending)
photography ' ‘
r‘ Film footages (feet)
13 : . .
9~-inch 011,500 (13,500 max. with
r 1.2-mil base)
i
5-inch o 2,800 (3,600 max. with
- 1.2-m11 base)
' Potential number of frames
r
. Y=-inch lQTQOO_Ql,OOO—m.)
5-inch ‘ 4,600 (6,100 max.)
-
. No. of exposure slits (widths in 16 (0.004 to 0.300)
inches) : v
r
l Best resolution (GRD)
o Wominal resolution

L
r seta angle range "+40 degrees
. .

Spectral bandpass ‘ - 400 to 780 nanometers
r .
. Spatial cutoff ‘ .llmm
- Handle via :

- TALENT-KEYHOLE
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FILM LOAD | |

The KH-8 dual-mode 9 x 5 system is capable of using both black-and-
white and color films with thicknesses varying from 0.0015-inch (1.5 mils)
to 0.0039-inch (3.9 mils) on either film supply. Under certain conditions
it may be possible to accommodate thinner films, but thicker films, because
of limitations imposed by mechanical clearances in some locations,are to be
avoided. Film footages are shown in Table III.

MULTIPLE FILM TYPES

Color film provides a definite spectral information increase over

black-and-white (B&W) film .even though the image quality (tribar resolution)

may not be as good. - Similarly, color infrared film has the unique capa-
bility to record an image which is interpretable in terms of the health

of agricultural crops and the presence of camouflage materials. The dual
platens on this system make it possible to obtain both high resolution B&W
imagery and color or color infrared imagery simultaneously over a single
target or, as a means of ensuring maximum resolution, simultaneous coverage
using two different, high-resolution, black-and-white films.

FILM MARKING DATA

Illustrations of the 9 and 5-inch films are shown in Figures 3 and 4.
Descriptions of the major elements follow.

Fiducial Lines

The fiducial lines on both films are narrow bands of high exposure at
each edge of the main scene and mark the limits of the imagery.

Data Tracks

Tnere are two pairs of data tracks on each exposure mechanism, one
designed for low mode and one for high mode. For either mode the two data
tracks encoded on the film provide timing information in the form of light
pulse exposures representing the vehicle timing signals. The two tracks,

A anc¢ B, are identical anc represent timing signal A inverted and logically
sumed with timing signal B. The data tracks are imaged at 590 pulses per
svcond with an octal time word encoded everv 0.2 seconds. The LED lamps
that imprint the data tracks are offset along the axis of the film on either
side of each slit centerline as a means of measuring film speed. The rela-
tive data lamp positions are the same for both the 9 and 5 slit mechanisms.

The following table shows the data lamn positions and the effective averture

size at the platen:

pata lamp Position with Distance from slit ¢ Effective aperture size
: respect to slit ¢ | along film axis (inches) at the platen (inches)
Low mode A Outside 0.05 after . 0.001 x 0.005
B Inside 0.05 ahead 0.001 x 0.005
Hich mode A Outside 0.15 ahead 0.0005 x 0.005
& B Inside 0.15 after 0.0005 x 0.005
Handle via
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Film Can Labeling

The control number on the shipping labels will be similar to those
previously used. Typical examples follow:

M481001 - "M" for main record (9 inch)
- "481" for Mission 4348-1
- "001" for can number
481001 - "C" for 5-inch record

Color coding on the label will be the same.as previously used:

Original negative (ON) ~ Green
Duplicate negative (DN) - Yellow
Duplicate positive (DP) - Blue
DP File Copy - Red
Color original positive (OP) - Orange
Color DP - Green

Handle tvia
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MODES OF OPERATION

The KH-8 system is capable of performing three basic modes of photo-
graphy; monoscopic, stereoscopic, and lateral coverage. These three modes,
with the variations described below, are available for almost every photo-
graphic opportunity. The mode required for a particular acquisition may be
specified by the user. - Each of the modes and how to state the requirement for

“them is discussed below, '

MONOSCOPIC PHOTOGRAPHY

As stated earlier, there are three stereo mirror pointing positions;
forward 8.65°, vertical, and aft 8.65°. Monoscopic photography is obtained
by imaging a target from only one of these mirror positions on a given pass
(Fig. 5). The resulting frame can vary in length from only a few inches
up to several feet.

STEREOSCOPIC PHOTOGRAPHY

Single-pass stereo photography can be obtained in three ways. The full
stereo pair consists of one photo taken with the stereo mirror in the for-
ward position and one with the mirror aft (Fig. 6). The convergence angle
is approximately 17.3 degrees. A stereo triplet consists of a series of
three frames, one from each of the mirror positions (Fig. 7). The stereo
half pair is made up of a vertical acquisition and either a forward or aft
frame (Fig. 8). The stereo angle in these latter two modes is 8.65 degrees.

LATERAL COVERAGE PHOTOGRAPHY

Lateral coverage photography is a combination of the mono and stereo
modes and is used to provide greater area coverage around a point on the
ground. Two options are available. A lateral pair consists of two frames
taken in the forward and aft mirror positions with a vehicle roll between
acquisitions. The resultant pair overlap approximately 15 percent cross-
track, and the target is centered in the overlap (within system limits). A
lateral triplet consists of three frames laid cross-track, one from each
mirror position with a vehicle roll between each acquisition. Examples of
lateral pairs and triplets are shown in Figures 9 and 10.

REQUEST FOR A SPECIFIC MODE

The user may request a mandatory mode or a set of acceptable modes.
and their preferred order. Table IV shows the mode options that will be
available for operations.

Handle via
TALENT-KEYHOLE 13

Channels
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Flight Path

Handle via
TALENT-KEYHOLE

Channels
TCS- 27601/81
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"~ Ground Track

FIGURE 5. MONO PHOTOGRAPHY (Example with mirror vertical)
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Handle via
TALENT-KEYHOLE
Channels
TCS-27601/81
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FIGURE 8. HALF STEREO PAIR
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TABLE 1V
AVAILABLE MODE OPTIONS

Any mono

Forward mono mandatory

Vertical mono mandatory

Aft mono mandatory

Stereo triplet mandatory

Stereo pair mandatory

Stereo pair (preferred over) any mono

Half stereo mandatory

Half stereo (preferred over) any mono

Stereo pair (preferred over) half stereo

Stereo pair (over) half stereo (over) any mono

Stereo triplet (over) stereo pair (over) half stereo

Stereo triplet (over) stereo pair (over) half stereo
(over) any mono

Lateral triplet mandatory

Lateral pair mandatory

A typical example of how the mode preference logic operates is shown
in Figure 11. The example is intended to show how fixed parameters of the
camera system affect requested modes. In this example the limiting para-
metér is the time required to flip the stereo mirror from one position to

another.

Availsble sarvo time is T4 T3 (Time from turning camera off after
acquiring Target A to turning camera on to acquire Target B).

Roll time from A to B (for this example) is less than Ty T2,
Mircor flip time full stereo (for this exampla) is greater than T4To.
Mircor flip time ha'f stereo ar mono (for this example) is less than Ty Ty,

Handle via :
TALENT-KEYHOLE
Channels
TCS-27601/81

L1}

FIGURE 11. EXAMPLE OF CONFLICTING MODE
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As shown, the time to alter the vehicle pointing in roll is within the
servo time available between the off-~time of the frame of Target A to the -~
on-time of the frame of Target 3. The time to flip the stereo mirror be-
tween extreme positions (aft to forward) is greater than the available time.
The time to flip between adjacent positions (aft to vertical), however, is
less than the available time, T1 T2. This conflict in timing means that a
request that includes both an aft frame of Target A and a forward frame of
Target B cannot be achieved. Hence, if both targets are specified "stereo
mandatory," only one would be photographed in a single pass. If either
was "stereo mandatory" and the other was “stereo preferred but mono accept-
able,"” then the photography would consist of a stereo pair of the first and
a mono strip of the other. '

OPERATIONS SCHEDULE

. -Pre—Flight

Tae Kh-8 dual-mode reconnaissance system is maintained in a launch-on-
demand status and does not have preestablished launch dates as did most
previous Kii~-8 vehicles. Prefligat activities of importance to users remain
essentially tne same, hovever.

Normally, the launch processing timelines are as follows:
1~80: Deadline for users to submit any requirements to ICRS that

necessitate the use of "exotic"films or multiple coverage
requirements for different films.

L-60:1CRS submits final film load requirements for film spool design.
L-35: LCRS submits final mission profile (altitude selection). Users should

submit anv requirements for coverage that mav affect orbit selection
well before this date. '

Handle via .
TALENT-KEYHOLE 21
Channels .

TCS- 27601/81 -rOor-stinerT-
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On_-Orbit

The KH-8 satellite is loaded with a set of commands just prior to each
revolution of photography. This is to take maximum advantage of the latest
available predicted weather. New target requirements, or changes to exist-
ing ones, can be accepted at the KH-8 operations center as late as 90
minutes prior to the start of imaging operations on a given revolution.

Handle via :

TALENT-KEYHOLE 22
Channels

TCS- 27601/81 ~FOP-SEORET—
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MISSION FILM moex (MF1)

The MFI, a sample copy of which is shown as Table V, is a conputer
listing of mission coverage by rev, and identifies specifically how the
frames from each system correlate. A sample format of the MFI is explained

" below:
) TABLE V..
MISSION FILM INDEX FORMAT (Sample)

Mot Pantng  CCont  Printing Date- M Franes C Fromas .Code M Footage CFW m
N OP DN No. DP DN OOMMYY Arsa Rev From-To From-To - ED-NF:CC Photo Ship . Proto Ship
AM481000 LD-LD ‘(.:48"”1 LD-LD 010278 A 0001 900149001 5001.5001 . RRNNK RKXK.XX XXX,XX XXX XX
MAK1001 010278 A 0001 90019002 NF 22.00 C

MAR I C481001 010276 A 000V . . 80015001 NECC » ' . 1000
MAZ1002 cagtoot 010276 A . 000! 90039004 5002-5003 188 3469 472 W2
Table Heading .
or_Entry - Explanation
M Cont # Main control number .
M481001 "M" for main record (9-inch),
"481" for Mission 4348-1,
"001" for can number. If the
control number is followed by
a "C" or "I", the associated
frames ("M Frames" column) are
color or IR film. S
Printing Printing level for the 9-inch
DP/DN DP and DN. A medium copy will
always be shipped. If any
additional print levels are
produced, they will be reflect-
~ ed in this column.
L - Light
D - Dark
C Cont # Companion control number.
C481001 "C" for companion record
(5-inch), "481" for Mission
4348-1, "001" for can number.
If the control number is followed
-by a "C" or "I", the associated
frames ("C Frames" column) are
color or IR film.
Printing Printing level for the 5-inch
DP/DN DP and DN.
Hendle via )
TALENT-KEYHOLE 23
Channels
TCS-27601/81 -FOP-GEORET
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Table Heading
or Entry

Date
Area
Rev

M frames
From - To

C Frames
From - To

Code
ED-NF-CC

M Footage
Photo Ship

C Footage
Photo Ship

Changes

Handle via
TALENT-KEYHOLE
Channels
TCs-27601/81

JINRO APPROVED FOR RELEASE fo

Explanation
GMT date of photography'
Gepgraphic.arég
Revolution number
Frame ﬁumbers for the 9-inch
film. Frame numbers are se-

quential within a rev and
cycle back to 9001 at the

beginning of each rev.

Same for the S5-inch film.

ED - Edited; NF - Noforn;
CC - Cloud Cover. '

Film footagebfor the 9-inch

‘£f1lm for each set of frames

and the cumulative film foot-

~ age by rev.

Same for the 5-inch film.

Two versions of the MFI are
produced -~ preliminary, and
final. This column flags any

changes between these two edi-

tions.
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MISSION CORRELATION DATA (MCD)

The MCD is a computex listing of the parameters assocliated with each
photograph. A sample MCD entry is shown on the pages that follow, accom~
panyed by a description of each entry. Note that KEY numbers (first columm)
in the 40's are heading or title lines, and KEY numbers in the 60's are data
lines. Note also that not all title lines are described here; the reader
is directed to the MCD glossary for a complete description.

25
Handle via
TALENT-KEYHOLE
Channels
'TCS-27601/81 FOP-OEOREYT
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Typic
41 RgV ACC T T1T2 MR # ROLL Cmn-CRAB-COMP S F SR CONE Al

61 S3n Y007 8 5.2 V0 24,85 1,672 1.708 3 ¢ L0 26,521
43 REV ACC 1 AT =L ONG t AT22%) ONG LAT*u=xLONG '
63 53 9007 5%,93M 39,85E S55,4aN  40.46E  35%.75M 40.6RE
uy ADAPT RTASES-YAW PITCH RNOLL THERM REND ERROR='
1) : JauNrn «013% +0nN0 : edi
4% NPR VFL-X
65 L 1.1 -3.584506
66 PROGRANMMED 1O 072016501 =« : . '
47 IN FRAME 1IN m AT LONG DN T-ALT VFC RES FW AW °
AT 087016601 9 55,700 40,S7E 1000. 1.20%3 41,6 90 %0
&7 022016604 Q S3.9nM 39,.67E 1000, 1.2%45 S5%,2 a0 35
&7 077016601 ¢ 55,70 40,12E 1000,  1,222% 34,1 85 %0
&7 127016601 (o 59,50v “U,57E 1000, 1.1992 5Sn.5 a5 45
67 n67014601 0 S5,70M 39,67E 1000. 1.2389 43,6 A0 %9
&7 117016A01 o &S5,.50m U60,12E 1000 1.2164% 34,9 AS 83
67 037016601 » §55.90M 40,12€ 10060, 1.22a1 35,1 a0 35
42 SYSTIME (CLK TIME LAT=rnANTR=LONG HEIGHT TINER VEL
a2 1774 ,26 005727231 D7 5,170 3344 ,24F 452,046 24%31.19
62 31774 .6 05727234 57 3,14N 3343,00F 452.00a 24331.1%
- 62 B1T7T7S, .45 n0ST272%7 57 1,108 3I341.77E 452,053 24331.10
, 62 2776 ,0€ n05727242 5659,07TN 3340.54%F 492,09+ 24331,.095
. &2 R1T7h A6 NNSTOT245 5657 ,02N 3330,.31F 4%2,.06n0 24331,.01
62 TRUTTT.26 YNST2T7250 “5654,99K  XZ3RL,0RT 452,064 24330.96
62 2177706 ANSTI7253 5652,96N IX3L,A5F 4%3,0R7 -241330,92
52 21778,4¢ DAS5T27254 9650,92N 3335.63E 452,071 24%30,87
w2 31779,0A 005727261 %644,89N 3334,40F 4%2,078 24330,.83
n2 31779,46 n05727263 5647 ,53IN 3333,59F 482,077 24330,.80
Handle via
TALENT-KEYHOLE
Channels
TCS- 27601/81 F¥e

LR SSSCR 7 O
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MCD Entry
5 VF SS FaUSEN IMNTRK-SC-YTRK ALPHA-90-BETA 213-FRAME-1D

1.222n .0n%1 .53 214174, 24A0%50, «627 <541 5223MaY809996
LATxX2LONG *VaxY¥x  xVaxUs  xVekWe 2YxxX%x 2Y%22% F=pAREa FLMRS
5.65N 39,84f 21.10 14,72 15,31 14,72 15.31 611.3 00000
A PITCH nRa PEP FRROR-YAW PITCH ROLL
1o .OUGS «00n0 <,0125% .onoo

VEL=Y VEL =2 SLR
VTK=D=XTK CLM TNT MAR CMD-SLIT-COMP HR GM LR P2 P3 P4 PS pé6 P7 P8
12,0 1,5 58, FFFA00 ,00620 ,00540 14, 11. 8. 99 99 99 99 99 99 99
12,2 26,1 16, 000017 ,00620 ,00540 14%. 11. 8. 99 99 99 99 99 99 g9
7.3 11,8 99, FFFFFF ,00A20 ,00540 14, 11, 8. 99 99 99 99 99 99 g9
3.4 =-2,1 25, CEARQO00 ,00620 ,00490 14, 11, 8¢ 99 99 99 99 99 99 g9
P.6 22,4 41, O00NKFF ,00420 ,00540 14, 11, 8¢ 99 99 99 99 99 99 g9
1.8 8,2 28, 0BARACC ,00420 ,00540 14, 11. 8. 99 99 99 99 99 99 o9
17,3 15,4 37, 333111 ,90420 00540 14, 11, 8. 99 99 99 99 99 99 a@
v/H VEH A7 FLTPTH LAT<-PR RAY=LONG AZM-PR RAY-SLR EL-SUN-AZM
«N08 126,209 «2358 5550.56M 4p15,55E 291,709 513,.5% 54,5 169,.4
«N089 196,194 +2356 S5UA.60N 4014,02E 291.686 513,56 54,5 169.4
.0089 196,179 +?354% 5586.64M 4012,49E 291.664 S513,.% S54.5 169,3
0089 194,144 «2352 S5U4,67Tn 4n10.,96E 291.642 513,56 54,6 169.3
«N169 196,149  ,2350 S542,70M  4n 9.U4E 291,621 513,57 S4.6 169,.2
«NIB8I 196,133 «2349 S%4n,74n  4g 7.91E 291,599 513,97 S4.,6 19,2
+N0B9 196,118  ,2347 S53a,778 Up 6,396 291,578 513,58 54,6 169,2
+N089 196,104 + 2345 5536,.800 4p 4,88E 291,556 S513.58 54.7 169,1
«N089 196,0R9 «2343 5534, p4N 4p 3,36E 291,535 513,58 54,7 169,1
+NJB9 196,079 2342 S533,52K up 2,35 291,520 513,59 54,7 169,0
26
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HEALER

41

REV

{NO NEnJER)
(W0 MEALLR)
ACC

T

T1Te
I"l‘{
o

D)

ROLL
Cmul=CRho
=CUMM

S

F

17)

CONE ANG
VF

SS
F=USEL
INTRK=SC
=XTRI
ALPHA=9U
-3cTh

&1 3=FRAE=fu

{LENT-KEYHOLE

muub

DESCRIPTION

CAMERA LVENT LATA LLiE

hcV NUWDER

ASCENUIRG UK QESUENDIMG FLAS IuEuTlFlEu Jr A 31 n.

STPANL VF FILM USED (9 Ok %)

FRAME ACCESSAC I nwLUMPER) >TARIS AT

rOr 30T OPZrATIVIAL Au

FILY [YPc USzy Fuk Tuild Firhide = [oeTIRT=. 1.
VertlCet cOnsSTALTS DIsPLA

LURST Tl

wIRRU - OS1ITLOMN
VVERL AP FRAme DLOICATOR 1F MY DPART A4S SOWCRED nY

OTHER FRAME = 0 = OVERLAPPED,
ROLL ANGLE» wUAWTIZED
"CCMMANDED CRAR ANGLE
COMPUTEL CRAg ANGLE
SLIT WUMBER» COMMANDED
FLAG UF SLIT pIAS TYPE
PLANNED SLIT pIAS OF FRAMZ
CONE AnoLE» GUANTIZED
FILM SPREC» wUANTIZED
EFFECTIVE SHUTTER SPEEY
LeNGTri UF FRAME» COMPUTED
SCALE FACTOR AT INTRACK AZIMUTH = 0 DEG
SCALE FACTUR AT (ROSSTRACK AL_INUTH
SKEW. ANGLE wrEN ALPHA = Y0 D:iGe
SKEW ANOLE WHEH oETA = 9U GESe
213 DEFINES FRAME ID '

FLIGNT NUMpER

DAY
MONTH:
YEAR

STRAND INOICATCR (5 Ok 9)

aT Al 1SV
Ao U FrAvES ’

1 = 10T JVEXLAPPED

= 90 J:L6
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COLUMN  FORMAT UNITS
2=3 LN . Jel)e
5=8 Tyt NeDe
9 A Nelie
11 N MeDe
12=14 HAME A Hefre
10 { N [ ] ? .
18-."9 ' ".:':QN SEC.
oW h NeiTe
20 2 Hele
28=33 MMM o NN DEG.
39=40 HNONNM  DEGe
y2=u?7 N o NN DEG. -
49-50 NN NeDe
52 N NeDe
$3=56 NN ol LOG BASE 10
S58=64 NN o MNNN DEGe
86=72 NN« HEHNN IN/SEC.
74=89 NN« NNNN SEC.
82-60 MN o iNN FT .
88“9“ NNNNNN . MeDe
96"1 02 HMNNNIN o MeDe
104=110 HNNGJHMNN DEG.
112=115 HNNNJNNN DEG.
120-132
120-121 N NeDe
122-123 kN NeDe
124-126 AAA MeDe
127=126 MN- NeDe -
129 4] . NeDe
130=-132 HHn NeDe

B

T e -, i

A DR YD
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o

Explan:
42 SYSTIME (LK TIMF LAT<MANIR-LONG  HEIGHT INER V
62 21738,.66 (05727%ul S5616,2°N 331%5.,10F 4%2,12a9 2413p,
€2  21789,2¢ 005727344 35614,.2%N 3313,91F 452,133 24339,
€2  317R9,86 0057273u7 5612,21M 3312,73E 4%2.136 2433g,
62 31790.46 0057273%2 S610,178 3311,54F 452,130 24329,
62 317Y1,06 005727355 56 8,13N  3319,35E 452,143 24329,
62 31T791.F6 005727340 56 6,09M 33 9,17E 4%52.146 24329,
62  21792,26 n057273R2 56 4,05N 33 7,99 452,149 20329,
62 RT92.84 005727346 56 2,01 33 6,A1F 452,1%% 24329,
62  31793.,% 405727371 5559,97N 23 8 ,63F 452,156 24329,
62  31754,06 305727374 S3%7,93N 32 4,46E 4%2,159 24329,
62  31794,26 005727375 5557.,2%N 33 4,07€ 452,160 24329,
SNO KEY  HEADER DESCRIPTION
36% &< 4z : CAMERA EPHEMERIS AND PO
370 SYSTIME SYSTEN TINE AT STARV OF
Y ' HENTS OF 0.6 St
312 . CLw TIME NEHICLE CLOCK TIME 1IN O
313 IN INCREMENTS OF 3 OCTA
310 LAT-NADIR GEODETIC LATITUDE OF V&
378 -LONE _GEODETIC LONGITUDE OF ¥
376¢ HEIGHT "ALTITUDE OF VEMICLE
317 _ INER VEL INERTIAL VELOCITY OF BE
378 v/H VEHICLE INERTIAL VELOC]
379 _VNEH_AZM FLIGHT PATH AZINUTH OF
38 TFLIPTH VENICLE FLIGHT PATN ANG
3e LAT-PR RAY =~~~ GEODEFIC LATITUDE OF Pk
382 -LONG GEODETIC LONGITUDE OF P
ig2 AZM-PR RAY __ .. INSTANTANEOUS_AZINUTH ©
34 ON THE LOCAL HORIZONTAL
385 -SLE SLANT RANGE OF PRINCIPS
I8¢ EL=-SUN SUN ELEVATION AY PRINC]
3e1 -AZr SUN AZIMUTH AT PRINCIPS
Handle via
TALENT-KEYHOLE
Channels

TCS-27601/81
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Jon of Entries-Line 42/62
L v/H VEH AZM FLTPTH LAT=PR RAY-LONG AZM-PR RAY=RLR EL=SUN=pAZM
R2 0089 195.A54 .2314 5615.401 4033.61E 273,247 %521.36 34,1 170,12
0099 155,440 2312 S61Z.44N 4032,04E 273,224 3521.3¢ 54,1 170.1
<0089 195,825 2310 S611.480 4030,48E 273,202 %21,.,37 54,1 170,0
0089 195,811 <2308 %6 9,93N 4028,92€ 273,179 521,37 54,2 170,0
«0089 195,797 «2306 56 7.,56N 4n27,.36E 273,157 521,37 54,2 169,9
«N089 195,782  ,230% %6 5,60N 4025,80E 273,135 521,38 54,2 169,9
«0089 195,768 2303 B6 3.64n 4n24,25F 273,112 521,38 54,3 169.8
«N089 195,754 2301 56 1.68N 4022,70E 273,090 521,39 84,3 169.8
«N089 195,740 2299 =554,72N 4921,1%E 273,068 521.39 94,3 169.7
«0089 195,725  ,2297 %587.76N 4019,60€ 273,086 521,40 54,4 169,7
«0089 195,721 «2296 5%57.11N 4019,09€ 273,038 521,40 58,4 169,7
coLuUnN FORNAT UNITS
ITIONING DATA 2-3 NN NeDo
HIGH RES, 9-16 NNNNN.NNN  SEC,
ONDS
JTAL AV _STARY OF HI6H RES, _ 18-26 __ NNNNNNNN .2 SEC.
T CLOCK STEFS
"1XCLE NADIR 28-35 NNNNNND 0EG, MIN
MICLE NADIR - 37-45 = NNNNNNND DEG, MIN
, 88-54 NNN <NNN - NalXe
"1ICLE . 5663  NNNNNNN. = _FTelSEC._ _
'Y DIVIDED BY HE16HY 65-69 «NNNN RAD/SEC.
EHICLE J1=77 WNN.NNN  0€EG. .
LTE 79-85 NN NNNN DESG.
.. NCIPAL_RAY_ B1=98  NNNNNND . DEGes MINe
- IINCIPAL RAY 96-104 NNNNN.NND DEG., MIN
) PROJECTION OF THE PRINCIPAL RAY ~3106=312 NNN NNN DEG,

. RAY

118-220. MMMN NN . MapEe__

v /AL RAY INTERSECTION WITH THE GECID

< RAY INTERSECTION MITH THE GEOID

i

122-126 NNN N

128-132 NNN N _

'OEG [ ]

DEG.
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REV
{ilV HEA..CR)
ACC
. LAT*U»
o KOUNG
LAT®Z»
LONG
LAT®w=
LONG
LAT#X#
LONG
sVERY %
*VE4U%
R T
Y Rk)Y %
2y AR L%
F=AREA

VixTr=m

Handle via
TALENT-KEYHOLE
Channels ’

;mc&nmmnu
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DESCRIFTION

CiVMERA PRACGE CORNERSe IMLSIC S wily akD-ALIES

- oLV WL ELeP

STRANG wF FIl~ UDED (S On G) :

Flpne AalCESSAS JUMBESe oTARTS AT L LaCe “LV €C0F
LATITUOe OF COR ek U ‘

LOMOGITULE OF CURLER

(AL

:-C

CLATITUDE OF CORMER £

COMGITULE OF cORIER 2
LaTITUSZ OF CORNER Ww
LOMNGITULE OF CORNER w
LATITUDe OF CORNeR X
LOMGITUUE OF CORWER X
DISTANCE FROM V TJO Y
DISTANWCE FROM V TO U

~ UISTANCE -FROM V TO w
. UDISTANCE FiROA4 Y TO X

DISTAKRCE FROm Y TO 2

FRAME AREA ENCLOSED BY U=t=2=X

FILM CRAVE SPEEU REQUIkeU NOT WITAHIN HARD.ARE CAPApI
TAKE=UP MOVEMENT DURING HIGH ReSOLUTION PiiOTUGRAPHY
STEREQ “IRROR MOVEMENT DURING HIGH RESOLJUTION PHOTOC
CRAH ERIOR REGUIKED 2Y RULL VOINT LOCK=-UP

SLIT DID WNOT ACHIEVE REUUIREy wluTh

29
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COLUMN

23

H=F

10
11-13
lo=21
23=2%
32«37
39«45
48~53
55=61
H64=69
71=77
80=85%
A9=93
97=101
105-100
113-117
120=125
127

128

129

130

131

FORMAT
N

MMl

i-

ikl
PlienMY
HiNRe g NP D)
MM« NND
NNN « NHD
NMNNND. .
HNM o NND
NN.NND
NN NND
MNNN o NN
NMoNN
NNoMNN
MiNe NN
MNoNN
MNNNMo N
[ )
N

N

N

M

UNITS

V.q.
MeNe
*Joeda
lelie
DE%Se.
QCEG.
DEG.
DEG.
DEG.
DEG.
DEG.
DEG.
NeMI,
Ne*1, .
MeMI,
N.¥].
NeMI,
{N.MI.)2
1/0
1/0
179
1/0
1/0
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47 1N FRAME 1D » 1 AT LOMG 0 T-ALT VFC RES
67 n9z7016815 o 53.90N 28 ,42E 1000, 1.2890 40,4 .
67 122016%14 ) 53,904 27,97E 1000, 1.2753 33.1 9% 35 14&'
»7 117016418 0 53,908 27,S2E 1000, 1.2604 52.4 99 35 14"
67 132016819 n 83,70~ 28,42F 1000. 142915 45,7 90 30 ;
57 162016818 ¢ 53,708 27.97€ 1000 1.2779 32.3 9% 30
67 157016814 a S3,708n 27,52 1000, 1.2631 &%,6 95 25
67 017016820 n 53,500 28 ,42€ 10€0. 1.2939 53,1 90 30
&7 042016819 (0 53,508 27,97€ 1000, 1.2804 32,8 a5 35
67 0520168185 1 S4,10N 28,42t 1000. 1.2865 36.A 90 30
&T  0nAaz7016814 ¢ Su,100 27,97€ 1000 1.2726 34,1 9% 35 5
REY HEADER DESCRIPTION o ;“*'
aE2 &7 .7 TARGETS IN FRAME DATA :
4§51 , ® FOR INTERSECTING VARGET, orneni
6452 IN FOANE 1D _TARGET _IN FRAME IDENTIFIER o
483 T I T PHOTOGPAPRIC COVERAGE OF TARGET |- .
458 _ 0 % OVERLAP N_ 8 NO 2
85 AT GLODETIC LATITUDE OF TARGET N
456  LONG , __LONGITUDE OF TARGET 3E OR W IN
857 " TARGET OIANETER CODE
asg T ALY __TARGET ALYITUDE _ o
8459 ¥FC T COMPUTED FILN SPEED
860 RES COMPUTED RESOLUTION - BASED OM
861 T FORECASTED VEATHER
862 Ab ASSESSED MEATHER 3
863 INTk-0 INTRACR DISTANCE ON FILN FRCH FRK
968 i _____YIME, TO CENTER OF TARGET
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8¢9 iNi PERCENTAGE PROBABILITY POINV TARE
81 MAR PERCENYAGE PROBABILITY POINV TaA
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LY F4 SEEN. ONE cuanacr:a PER COLUMNN
Y B CRD-STIY 5 §3 N
42y -COMP i COMPUTED SLII ¥IDIH - DOES NOT IE
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aze HF HIGHEST REFLECTANCE OF TARGET -
017 ah __GEOMETRIC MEAN _REFLECTANCE OF TAk
873 LR TLOVEST REFLECTANCE OF TARGET -
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LT L P8 PROBABILITY OF ACHIEVING REQUIR
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gamtries-Line 47/67

CLN

PS

' P8

INT MAR CMD-SLIT=COMP HR GM LR P2 P3 P4 PS pPé6 P7
50,  FFF000 ,00620 ,00%540 1%. 11« 8¢ 99 99 99 99 99 99 99
99, FFFFFF ,00620 .00540 14, 11, 8. 99 99 99 99 99 99 99
12, 000007 00620 ,00340 1%, 11, 8. 99 99 99 99 99 99 99
29. FENQOD ,00620 ,00%40 14¢ 11¢ 8¢ 99 99 99 99 99 99 99
99, FFFFFF ,006420 ,00540 14. 11« 8¢ 99 99 99 99 99 99 99
X3, O0000FF ,00620 ,00540 14, 11, 8¢ 99 99 99 99 99 99 99
8. C00000 ,00620 ,00540 14. 11. 8. 99 99 99 99 99 99 99
29, 088a88C ,00620 ,00340 14, 11, 8¢ 99 99 99 99 99 99 99
12, 111000 ,00620 ,00%40 14, 11, 8. 99 99 99 99 99 99 99
33, 331111 ,00620 ,00%40 14%. 11. 8¢ 99 99 99 99 99 99 99
COLUMN  FORMAY UNITS
2=3 _  WN__ NeDo
6 A _ ‘NeD o
e e 1-1;. ... AARRARAAAA  N.D.
18 : A NeDeo
S IN COLUMN 25 20-25 NN NNA NeDeo
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35 () N.D.
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© 7T FIDUCTAL LINE TO CENTER 70-73  WN.N . . '
%, .BABILITY OF CLEAN COVERAGE. 75-77 NN, N.D,
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FJERCENT 109-111 aN. NeDo
0 NI1IRS-P2 . =318 _ NN . MeDa .
-0 NTIRS-P3 116-117 NN Ne.D. ¥
D NMIRS-PS . 119-120 NN = N.D. i
"NJIRS-PS 122-123 NN NeDo .
NIIRS-PG___ —— i . 125=026 NN_____ . _NeDe__
NIIRS~P? 128-3129 NN N.D.
NIIRS-PE . - NeDe

.131-132 NN
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PART II: TARGETING

MISSION TARGET FILE

The target file for KH-8 missions is made up of target entries, which
describe the physical properties of the targets, and requirement entries,
which describe the reason for photography, the required conditions of photo-

- graphy, and the worth of the target image under those conditions. Each
target is limited to a maximum of 10 requirements; the total file 13 con-
strained to 32,767 targets and 65,535 requirements. -

TARGET ENTRIES

The target entry consists of its COMIREX identification (ID) and
seven descriptors:
o Target location (latitude, longitude)
o Country code
o Diameter
o Target location uncertainty
o
o
o

i

Elevation above mean sea level
High, mean, low reflectance:
National Tasking Plan code.

The .ID and country code are used for bookkeeping and reporting; loca-
tion and elevation are used to calculate vehicle pointing; diameter and
location uncertainty are used to determine frame length; and, finally, re-
flectance data are required in determining the resolution values used in the
target weighting and selection process. National Tasking Plan (NTP) code
and country code (CC) are used to determine National Imagery Interptetabllity
Rating Scale (NIIRS) set.

Although the community (ICRS) assigns the target parameters, it is
worth the time of the individual user to evaluate tliem in terms of his or
her needs. If repeated coverage of a target demonstrates a consistent -
bias or error, it is probably due to a problem in one or more of the target
parameters. A typical example is where the target complex is centered in
the frame but the object of interest is consistently in the camera start-up
transient. This situation indicates a problem with the target diameter or
may indicate that a change in the aiming point coordinates or establishment
of a new target is required to ensure desired coverage is obtained.

ST

B

|

REQUIREMENT ENTRIES

Fr—

Requirement entries are supplied by both the ICRS and the individual
user. Although the user is obviously most concerned with the photographic
conditions that must be specified, the effects of the ICRS-specified items
cannot be ignored. ’

~ any ro—
'

- Handle via

TALENT-KEYHOLE 33 :
' Channels :
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ICRS-Specified Requirement Parameters

The dominant property of a requirement is its value. - ICRS specifies
o this value on the basis of its worth to the entire user community. The
i : parameters used are priority and shade. The priority range is from zero
. (highest) to nine. After priority is set, shade provides a means of discrim-
inating between requirements of the same priority. -

Another ICRé-specified term that can significantly affect photographic
collection is the probability objective. This is the probability that a
target will be imaged to a certain level of satisfaction.

The remaihing ICRS-gpecified items are: date of last confirmed coverage
that satisfied requirement, requirement type, and problem set identifier.

User-Specified Requirement Parameters

The individual user may specify a number of conditions required of the
. imagery, 80 as to maximize its utility with respect to such factors as look
angle (both vertical and horizontal), sun elevation and azimuth, etc. With
the exceptions of mode and resolution, these parameters are optional, and
if not specified, no restrictions are imposed. The mode and resolution
limits will be set by ICRS if not supplied by the user.

Target-to-Vehicle Elevation

Target-to-vehicle elevation is the vehicle's location as seen
from the target and is the vertical angle measured in degrees from the
target's horizon to the vehicle. Two limits must be specified: an upper
elevation and a lower elevation. These limits describe two concentric
cones with their common vertexes at the target. If imagery is to satisfy
the specified requirement, the vehicle must be in the volume between the .
two cones at the time of the photography.

Ta;ggt-to—Vehicle Azimuth : !

This requirement is the horizontal angle in degrees measured at
the target from true north to the vehicle. The azimuth constraint consists ‘
of an initial and a final limit which together define a sector of a circle '
centered on the target (Figure 12). The sector is the area clockwise from

the initial to final limit. By specifying such limits, the user is stating
that photography collected only from within this sector will meet viewing
requirements.

Handle via -

TALENT-KEYHOLE

Channels ' 34
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FIGURE 12. TARGET-TO-VEHICLE AZIMUTHS

Solar Elevation

Solar elevation limits are specified the same way target-to-ve-
hicle elevations are specified - an upper and lower limit, measured in
degrees above the target's horizon, specifying the highest and lowest solar

elevation acceptable.

Solar Azimuth

Ty Mo rm

]

Solar azimuth limits are specified the same way target-to-vehicle
azimuths are specified and define a sector that the sun must be in if accep-
table photography is to be obtained.

Exposure Modification

The nominal exposure may be altered by specifying an amount
of over or underexposure through an entry on the requirement specification.
If nominal exposure is required, this entry should be ignored or set to zero.

rmr rrm Yy M mMm

Handle via
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If the exposure is to be modified, the value and sign of the entry will in-
‘dicate the amount and direction. The value of the entry can be calculated
using either of the two following equatioms:
MOD = 1,2385 AS
or

MOD = 3.0 Af,

where MOD. = exposafe modification entry, integer with
range =99 to +99,

- AS = number of slits over or underexposuré required,

Af = number of f-stops over or underexposure re-
quired. '

The MOD entry will modify the exposure only of the acquisitions specified.

Snow Inhibit Flag

Typically, the presence of snow cover that meets certain criteria,
because of its higher reflectance, will result in a calculated underexposure.
The snow inhibit flag, if set, will prevent this underexposure from occurring.

Film Requirement

The user may specify a particular film by keying in a coded entry
with a value range of 0 to 15. These codes vary from mission to mission
depending on specific film loads. Typically, codes will be provided for
such film requirements as :

No preference

Any black-and-white

"Any color

Any true color

Any IR color '
Any specific black-and-white
Any specific color :

o 0000O00O0

. Since the film load for a specific mission is based on require-
ments for specific films or generic film types, these requirements should
be provided to ICRS in accordance with established time lines.

Mode

Mode options, discussed in Part I, will be specified to the soft-
ware via a mode designator, or code. The exact codes will be published by
ICRS prior to each mission. .

Handle via .
TALENT-KEYHOLE 36
Channels
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R Resolution

supplied by the user, it will be added by ICRS. The required resolution
is extremely important, as it operates as the upper : empted
photography. For example, if ¢ requirement calls fo
(GRD) and the expected resolution on a given target a
then no attempt will be made. The predicted resolution is a
based on a model that uses folded means of the distribution of the quality
degraders (smear, defocus, exposure error, etc.) along with geometry of the
access and target reflectance data.

7

~

APPLICATION OF THE REQUIREMENT CONSTRAINTS

The requirement parameters just defined can be applied by the user in
virtually any combination. The only limitations typically imposed on a
requirement are resolution and mode. As more constraints are applied, the
probability of attaining the required conditions decreases. In fact, it is
quite common to have requirements with conditions that are impossible to
meet. This does not mean that the use of limits should be avoided but
. that the requester should use care in setting them.

The purpose of the discussion that follows is to provide the user with

-

NS

-
[ some basic information that will aid him in specifying the requirements just
- described. It is aimed primarily at the interpreter or analyst who has a
p— specific need or problem and desires imagery tailored to meeting that need.
. Requirement parameters can be divided into three broad classes and
are discussed below in that order:
o Geometric
Vehicle azimuth
— Vehicle elevation
; Mode
- o Solar
: Sun azimuth
. Sun elevation
-
L o Quality
' Resolution
~ Exposure modification
! Snow inhibit flag
- Film
[
- Handle via :
TALENT-KEYHOLE 37
Channels
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Geometric Constraints

The target-to-vehicle azimuth and elevation constraints define a
volume in space that the vehicle must occupy at the time of photography.
For photography to occur, however, the vehicle must be able to point the
optics at the target from its position within this volume. This is not
always possible.

The KH-8 vehicle is a pointing system that uses a strip camera. At
any instant of time, the point on the earth's surface that can be imaged by
the vehicle is defined by the pointing parameters pitch and obliquity.
Pitch is the in-track position of the stereo mirror; obliquity (the alge-
braic sum of mirror crab and vehicle roll) is the cross-track position of
the principal ray. The angles, shown in Figure 13, do not change during
photography (i.e., a given frame has constant pitch and obliquity angles).
This means that at a given obliquity there are only three times when the
vehicle can image a single point on the ground, corresponding to the three
positions of the stereo mirror.

All these factors are combined in Figure 14, which shows the visibility
limits to a target and the forward, vertical, and aft mirror position view
lines over the full obliquity. This illustration will serve as background
for discussing the geometric constraints.

The vehicle elevation constraint is target centered and, essentially,
the complement of the obliquity. Since the maximum obliquity is approxi-
mately 48.85° the minimum possible elevation is, therefore, about 41.2°.
Any requirement with a maximum elevation less than 41.2° is impossible and
will never be attempted.

Figure 15 illustrates two methods of visualizing the elevation con-
straints. In the vertical plane the limits form two fans radiating from
the target. If the maximum elevation were 90°, there would be only a
single fan formed by the two minimum elevation radii. In the horizontal '
plane the limits define two concentric circles about the target's local
vertical. Since this is the same projection used for the background
illustration, we can overlay a set of example elevation limits onto the
background and create Figure 16. Here the required limits are superimpdsed
onto the vehicle capabilities, thus showing where the vehicle must be to
satisfy the requirement.

When viewed in the horizontal plane, the target-to-vehicle azimuth
limits describe a sector, as was shown in Figure 12. As mentioned pre-
viously, the useful sector is measured clockwise from the initial to the
final limit. A sample azimuth limit is shown on the background chart in
Figure 17.

Handle via

TALENT-KEYHOLE

Channels ' 38
TCS-27601/81 -TOPr-StCRET




ET

NRO APPROVED FOR RELEASE
EGLASSIFIED BY: C/IART
IEGLASSIFIED ON: 10 JANUARY 2013

Vebicle fight
direction s
out of page. "”‘”‘-:'

 Maximum Vehics Maximum
negstive sub-point o ‘positive

obli .

h !lllg : . obliquity

obk m

Vehicle dirsction

Aft Vert Fwd
‘Nominal: 865 © 365
Pitch
FIGURE 13. VEHICLE POINTING
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]
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FIGURE 15. TARGET-TO-VEHICLE ELEVATION BANDS
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—eed Forward View Line
Verticel View Line
Aft View Line

z

Final Azimuth:
235°

Initial Azimuth:
305°
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Figures 18 through 23 illustrate the interaction of azimuth and ele-
vation limits with required mode. Figure 18 shows some example limits of
50° and 80° elevation and 290° to 260° azimuth. The shaded area between
both the two azimuth limit lines and the elevation rings is, by definitipn,
the only area where the vehicle can be for suitable photography to be
attempted. In addition, it has been shown how the vehicle can photograph the
target only when it is at a point on one of the three view lines. The
bold lines inside the shaded area therefore represent the points where
‘photography is both possible and required. Subsequent illustrations will
provide sample vehicle traces and assess their impact on the photographic
mode.

In Figure 19 the vehicle is passing vertically down the page to the
east of the target. Since the vehicle never passes through the shaded area,:
no photography will be attempted.

The sample pass has moved inboard toward the target in Figure 20.
Here the trace passes through the shaded area and crosses each of the
usable view lines. This means that each of the mirror positions, and
therefore every possible mode, is possible.

An almost direct overhead pass is shown in the next example. The
vehicle trace in Figure 21 passes through the shaded area twice but does
not cross the view lines inside the required viewing geometry. In this
case the requirement would not be a candidate for vphotography.

The fourth example is shown in Figure 22. This pass crosses the view
lines inside the shaded area for both the forward and aft mirror positions.
As a result, any mode except vertical mono, stereo or laterial triplets,
or half stereo can be accomplished. If, for example, the requirement were
for a stereo triplet mandatory mode, it would not be a candidate. Om the
other hand, 1if the mode were stereo triplet preferred/stereo pair accept-
able, the requirement would be an active candidate for photography.

Figure 23 shows the last example. - Here the vehicle cuts only the
forward view line while inside the shaded segment. As a result the only .
modes that would allow photography would be those that allow monoscopic
coverage with the mirror in the forward position.

As this discussion has shown, obtaining a normal stereo pair, because
of the characteristics of the KH-8, require that one frame must be collected
prior to the closest approach to the target and one frame after that point.
When the user has specific azimuth requirements, he must assess the impact
of the azimuth limits on mode. To do this he must know the direction of
the vehicle when it is at his target latitude. This data is provided in .
Tables VI and VII. Data in these tables is for northern hemisphere descend-
ing passes. Table VI is for the usual 96.4° (sun-synchronous) inclination;
Table VII is for the 110.5° inclination used for some previous K-8 missions.
Azimuth data for the entire orbits are shown in Figures 24 and 25 for the
two inclinations. Use of the vehicle azimuth data is i1llustrated in Figure
26. Given this, the user can determine the effect of the azimuth limits.

Handle via ' '
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TABLE VI

VEHICLE AZIMUTH vs. TARGET LATITUDE: INCLINATION 96.4°

Latitude Azimuth

gdeg. N! Sdego)

i 80 219.9
75 205.5

70 199.0

ta 65 195.3
- 60 192.9
55 191.2

- 50 189.9
45 189.1

40 188.4

30 ' 187.4

20 186.8

- 10 186.5

(v} . 186.4

TABLE VII

VEHICLE AZIMUTH vs. TARGET LATITUDE: INCLINATION 110.5°

Latitude ' Azimuth
(deg. N) (deg.)
65 236.0
60 224.5
55 217.6
50 213.0
45 » 209.7
40 207.2
35 205.3
30 203.8
25 » ' 202.7
20 201.9
10 200.8
0 200.5
Handle via
TALENT-KEYHOLE 51

Channels

TCS-27601/81 -'FOP-&Een'!'r'
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Handle via
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FIGURE 26. LINE OF CLOSEST APPROACH FROM VEHICLE AZIMUTH

Solar Constraints

Limits on the sun's elevation or azimuth should not be imposed without
a basic knowledge of the target/sun geometry. Once the orbit and the launch
date and time are determined, there is no further control of this geometry.
Even if the orbital and launch parameters are based on a specified target's
solar constraints, there is little or no manipulation possible. The
target/sun geometry is predetermined for each instant of time, and the sole
control is over the time at which the vehicle is present. If the desired
geometry never exists, the arrival time of the vehicle is of no consequence.

The first step in knowing the target/sun geometry is to determine the
location of the sun. The equatorial plane is inclined to the ecliptic
plane by an angle of roughly 23.5°. This means that the solar sub-point
will fall somewhere between 23.5° North and 23.5° South, depending upon
the day of the year. The sun's latitude, or declination, is plotted in
Figure 27. The other coordinate, longitude, is based on time of day. For
a target at longitude X, the sun is at that same longitude at local noon,
X+45° at 1500 local, X+180° at 0000 local, etc. Thus, given a date and
time, the position of the sun can be easily approximated.

Handle via '
TALENT-KEYHOLE 53
Channels }
TOP-SECREF

TCS- 27601/81
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FIGURE 27. SUN DECLINATION (Latitude of solar sub-point by day)

Most dual-mode missions will be launched to provide target overflight
in the region of local noon. There will be some deviation but probably not
bevond the 1000-to-1300 local range. The result is that the sun will be 30°
of the longitude of most targets at the time they are visible to the KH-8
svstem. Also, since the great preponderence of KH-8 targets are between 35°
and 65° North, this means that the solar azimuth will usually be between 90°
and 180° (i.e., generally south). ‘

The use of orbits near local noon also confines the range of solar ele-
vations at a given target. The maximum solar elevation occurs at local
noon and can be obtained using the equation
Mmax = 90 - |85 - o1 |,
where Npax = maximum sun elevation, deg
8g = sgolar declination, deg -

¢T = target latitude, deg.

This is a maximum for a given date; if the target overflight time is not:
local noon, the solar elevation will be lower. Figure 28 shows the maximum

Handle via
TALENT-KEYHOLE 54

Channels
TCS-27601/81 FOP-OEORETF
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FIGURE 28. NOR THERN HEMISPHERE SUN ANGLES (Lines of maximum sun elevation for latitude and day)
- sun elevations by date and latitude. The approximate sun elevations at two
hours before or after local noon are shown in Figure 29. These two illus-
trations can be used to provide the requestor with an approximation of the
r expected solar elevation during a mission.

Quality Constraints

The user has relatively firm control over the photographic quality of
his requested imagery by specifying film type and levels of acceptable re-
solution and exposure. These are interdependent factors, however, and the
user must weigh them and specify requirement constraints that provide

imagery pertinent to the need.

- The required resolution is a limit beyond which photography will not

UOIIEA3Ja UNS WNUNXEW

be attempted. It defines the lowest resolution acceptable to the requestor,

not a specific value. Predicted resolution is based on such parameters as
vehicle altitude, roll, stereo mirror position, sun elevation, camera-target-
sun geometry, and so on. Resolution is also based on the film in use and

the exposure.

The relationship between resolution and film is obvious. Typically,
the best resolutions are available from the slow speed, fine grain, black-
and-white films. Color emulsions, either true color or the false color

Handle via ]
TALENT-KEYHOLE 55
Channels

TCS- 27601/81 . —TOP-GEORET~
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FIGURE 29. NORTHERN HEMISPHERE SUN ANGLES (Lines of canstant sun elevations by latitude and day
at 2 hours away from local noon)

camouflage detection material, cannot yet return the high qualicy imagery

available from the best black-and-white films. Since the user specifies
both the film and the required resolution, he should beware of setting up
combinations that give a less than desirable result.

for

One such result would be lack of coverage. If a requj
example, calls for color film and a GRD of no worse than then it

is extremely unlikely that any imagery ollecte is cur-
rently no color film that would retur hotography under normal

KH-8 operating conditions. If the requirement had been written for 60-inch

resolution or any available film, it is probable that imagery would have
been obtained. The image quality, however, could possibly be lower than
that needed by the user.

The target selection process is too complex to include a "look-ahead" .
feature; instead, decisions are made on a pass-hy- s. If a 60-inch
requirement is available at 59 inches today anmmorrow, the
selection software cannot make a decision to wait. e only method of
imposing patience is to specify more stringent constraints. A user may
also box himself in by the interaction between resolution and exposure
modification. The operational software recognizes that the resolution will
be degraded through mis-exposure whether it is an error or a deliberate
choice. A stringent resolution requirement can be undermined by including

Handle via
TALENT-KEYHOLE . 56
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an over or underexposure constraint. Even if the predicted resolution
originally meets-the required quality, a small exposure change can cause

the prediction to exceed the quality limit.

The individual requester must keep the combined constraints logical.
If a particular analyst had a need to see into the doors on the north face
of a building located at 50° North, he might specify an azimuth range of
- 330° to 30° and an elevation range of 40° to 50°. Since the north face
would be in shadow, he might also require a twg- xposure. All
this is logical. Adding a resolution limit of“ould not be

, logical.

These factors are under his control, and he should use them to his
advantage by careful application of the constraints.

Handle via : : Reverse side blank
TALENT-KEYHOL 57
Channels
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SPECIAL OPERATIONS

AREA REQUIREMENTS

Capability

The KH-8 has some capability to obtain high-resolution (low altitude)
area coverage. This can range from simply increasing the length of frames
around known point targets to mosaicking a geographic area from coverage
is the only practical mode. Examples of the various tyves of coverage are
shown in Figure 30.

Specification

Specifying requirements for any type of area vcoverage is accomplished
by clear text messages from the ICRS through t:he NRO Satellite Operations
Center.

For lengthening frames around point targets, the information needed

is:

(1) The COMIREX target identifier

(2) Requirement priority

(3) Mode required: mono, stereo, lateral pair, etc.

(4) Length of extension in nautical miles.

(5) Preference for direction, if any (i.e., if conflicts exist,
would extending photography south of the target be pre-
ferred to extending north?) . :

(6) Preference for resolution or area. If the preference is
for area, extensions can take advantage of high obliquity
angles, thus maximizing area coverage. If the preference
is for quality, they must be limited to lower obliquity

~angles,
For area coverage, the information needed is:

(1) Coordinates of the corner points defining the area.

(2) Priority of the requirement relative to point targets
in or near the area.

(3) Preference for point target coverage in the area prior to.
beginning of stripping operations.

(4) Preference for high resolution or maximum area.

Handle via :
TALENT-KEYHOLE 59
Channels '

TCS-27601/81 “FOP-SEORETF—
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Special Viewing Conditions

Capability

Users may request‘special viewing requirements through the re-
quirements specification format, which varies among users, or in clear text.

Specification

When expressing special viewing requireﬁents in clearvtext, the
following information is required:.

Eg (1) Brief general description of the problem to be golved.
(2) Orientation of the object or objects of interest with

F respect to true north. . .

% (3) Parts of the object to be seen.

(4) Mode required or desired.

(5) Exposure considerations, if needed (i.e., if the object
is always in shadow or if the requirement is to look into
a tunnel or hanger, an exposure adjustment may be needed).

.

Exposure Bracketing

Requirements for exposure adjustments in employing both camera subsys-

Lt r
Lot |

™ ~ tems which cannot be expressed easily in the requirements specification
s { format may be requested in clear text. The information needed is:
- r (1) COMIREX target identifiers
' (2) Range of exposure and increments around nominal exposure.
- . Mixed Stereo
3 “ ‘ - The normal or routine operation for multiple stereo would be a stereo
pair with each camera subsystem, since at any given time each camera would
S normally contain a different film type. These routine operations cam be
- : specified by a combination of clear text and the requirements specification

format. Requirements for other combinations of coverage are best stated
in clear text; for example, "two stereo pairs with one pair in black-and-
white and the other in color." The information needed 1is:

(1) COMIREX target identifier
(2) Film types to be used and the modes required (film type,
not camera, should be specified.)

Handle via

TALENT-KEYHOLE 61
Channels . .
7CS-27601/81 —+OP-GEONRET~
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Linked Coverage

"Linked coverage" is coverage of two or more targets within some speci-
fied period, i.e., one pass or one day. This must be requested in clear
text. The information required is:

(1) COMIREX identifiers of the targets.
(2) Period of coverage (pass or day).

OPERATIONS PROCESS

Target Selection Functional Flow

The target selection functional flow consists of six basic segments,
as illustrated in Figure 31: the target/requirements file, the acquisition
module, the target selection module, the vehicle commanding module, and
the Mission Correlation Data/Countdown module.

The target/requirements file contains the physical descripcion and
the specific collection requirements against each target. This file also
contains the results of previous imaging operations against this target
during a given mission. As images are accumulated against a target/re-
quirement, itq value for future collection is diminished.

The target acquisition module determines which targets the vehicle
will pass over on each revolution and which requirements against each target
can potentially be satisfied. Those target/requirement pairs that can be
satisfied are then considered as candidates for photography on each rev.

The target selection module is the critical module in the selection
process. Based on the candidate targets passed by the acquisition module
and the relative worth of the target/requirement pairs and predicted
weather, the selection module determines the best series of targets to
image over the entire revolution. This process is described in more detail
in the following section on the target selection process.

After a best set of targets is selected for imaging, the module deter-
mines the on and off times for each frame of photography.

The vehicle commanding module uses the list of photographic frames
determined by the selection module to assemble the proper sequence of
satellite vehicle commands necessary to collect the imagery operations.

Handle via
TALENT-KEYHOLE : 62
Channels

TCS- 27601181 ' -FOP-6LGRET
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The Mission Correlation Data (MCD) module determines the actual geo-
graphical area and targets imaged. This is done based on the actual
execution time of each camera on/off and the best estimate of the vehicle's
location at the time of photography. The best estimate of the vehicle's
location is obtained from tracking data acquired before and after the photo-
graphic revolution.

The countdown module updates the coverage status in the target/require-
ments file. It examines each target identified by the MCD to determine
which requirements were satisfied. Requirement satisfaction requires meet-
ing resolution, mode, and any geometric constraints. For those requirements
which were satisfied, the weather assessment is combined with the assess-
ments from past attempts to determine the cumulative probability of having
completely satisfied the requirement at this point in the mission. If the
requirement has been satisfied, no further photography will be attempted
against that requirement. If it has not been satisfied, further attempts
may be made. A target with more than one requirement will be a candidate
for photography until all its requirements are satisfied.

As can be seen from Figure 31, there are two feedback loops in the
target selection process. The first is rev-by-rev, in which the selection
module is informed of which targets have already been attempted at any
point during a day. This is important at high latitudes, where targets
may be accessible on 2 or 3 successive resolutions. The second is a daily
loop, which updates the target/requirement file and incorporates assessed
weather and after-the-fact tracking data. It is also the point at which
user reports are generated. :

Target Selection Factors

Whether a target is selected for imaging and is successfully photo-
graphed is determined by several factors, the two most important of which,
from a user's viewpoint, are a target's worth relative to other targets and
how a photographic frame is constructed.

A target's worth, or weight, is the sum of the weights of each indivi-
dual requirement levied against it. The weight of an individual require-
ment is a function of its priority and shade, the mode required, the pre~
dicted-versus-required resolution, the predicted weather, the cumulative
probability of having already satisfied the requirement during the mission, -
and the probability of being able to completely frame the target with a
given operation. The higher the total weight of a target, the higher the
probability of its being imaged. This is especially true in areas of high
target density, such as Moscow. i . :

A frame of photogaphy is constructed based on the diameter of the .
target or targets that are to be imaged plus the target's location uncer- : =
tainty, ephemeris uncertainties, vehicle pointing uncertainties, and the
vehicle clock granularity (the camera can only be turned on or off in incre-

Handle via

TALENT-KEYHOLE 64

Channels ‘
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ments of 0.2 sec). This total process‘is depicted by-the'etror elliﬁsoids
in Figure 32, ) o ' : .

_ In the case where two or more targets are so close that their required
“camera on" times overlap, the camera would be left on to cover both tar-
gets with one frame (see Figure 33).

The target diameter is an importent paraﬁeter. The larger'the'diameter, '

the longer the camera must be turned on, and therefore the less time there.
is available to operate against other targets close by. However, if the

‘diameter specified does not represent the total area desired the user will
not obtain the coverage desired.

Handic via -
TALENT-KEYHOLE ' ' 65
Channels

TCS. 27601/81 o ~FOP-BEOREF
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FIGURE 32. TARGET COVERAGE (Figure is not to'scale but for illustration)

" FIGURE 33. MULTIPLE TARGET FRAMING

Handle via . .
TALENT-KEYHOLE , 66
Channels .
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Aspheric reflector

Companion coverage

'_Crab

Cross-track

GLOSSARY

~A concsve'spherical'qirror; formed from the innmer
‘surface of a portion of a sphere. Called the
"primary mirror" in the KH-8 system.

- -Camera subsystem using the 5—1nch wide film.

‘ -Term used to indicate that a target was photo~

graphed simulteneously by both the 9- and
5—1nch cameras.

-Rotation of the stereo mirror about the roll axis
of the vehicle to conpensete for the earth s
rotation. :

'~Perpendicular to the direction the vehicle is’

Ground-resolved discance‘

In-track
Main camera
Mode

Nadir
Obliquity

Pitch

Handle via
TALENT-KEY, H()LE
Channels :
TCS-27601/81

-qbamera,subeyscem using the 9-5-1nch~wide filh}_

meviggff

~The minimunitest_target element distance resolved
on the ground (the sum of one bar and one space

on a tribar test targep) , with a system
"that produces a GRD: oﬂ the smallest

bar of the tes that is distinguishable
has a width, OE“‘, o o

~Parallel with the direccion the vehicle 1s
moving.

-Hanner in which the imagery is acquired: mono-
scopic, stereoscopic, lateral pair, etc..

| -Point on.the esrth directly beneath the vehicle.

- -Angle between vehicle nadir vector and the '

principal ray.

v-Apparent rotation of the vehicle about the hori--“
- zontal axis perpendicular to vehicle motionm,

accomplished by movement of the stereo mirror
(displaces the optical line of sight in track).

67
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. Principal ray

Requirement priority

Roll

Semi-field angle

Slant range

Start-up tramnsient
Strip camera

Swath width

Sun-synchronous

- Target worth

Handle via
TALENT-KEYHOLE
Channels
TCS-27601/81

" -Projection of the optical iine of sight to the

ground. Manipulated by +45° vehicle roll capability
and stereo mirror pitch (3 positions) and crab
(+3.85°) capability. Its ground trace in strip
camera imagery is a line through the center of a
photograph along the axis of the film.

-Ranking of a requirement relative to other require-
ments on a ten-point scale, 0 being the highest
and 9 the lowest. .

-Rotation of the vehicle about the iOngitudinal
axis of the vehicle (displaces the optical line
of sight cross-track).

—One-half the optical field of view.

-Line~-of-sight distance from image plane to
target.

-Time and film used.to accelerate the film velo-
city from zero to the proper speed for high
resolution photography.

~A camefa which acquires imagery by moving film
past a stationary slit at the same speed that
the image moves past the slit.

-Cross-track .distance on the ground subtended by
the optical field of view.

~0rbit whose parameters are such that the nodal
regression rate is equal in magnitude and sense
‘to the earth's mean rate of revolution about the
sun. An imaging satellite in such on orbit
will pass over a given target at approximately
the same local time each time this event occurs.

~Sum of the weights of all requirements assigned
to a target. For each requirement this includes
factors for priority, mode, quality, forecast

" weather, and past coverage.
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