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This publication presents general technical inforrmation necessary

»

PREFACE .~

. . - - . -

for the reduction of quanutanve data from photography obtained by the

KH-6 camera S)stem

Specific misgion and camera data vnll be pubhshed separately for -

each- KH-6 mission.
mission:

1.

\

‘Camera data - operational focal length, lens distortion, image
mation 'cornpensation data, scan rate, type of-film, filter, .
N exposure, resolution capability, etc. -

Stellar/ln(fex cahbralion data - knee angle, cahbrated focal
length, dlstornon, calibrated grid mtersecuons, etc.

Prehmmary frame ephemeris - mirror position, rbll-steering
posmon, time, altitude, velocity, latitude, longitude, sun angle,
pxtch and roll obtained from data block, etc. for each frame
The preliminary ephemeris will be generated within a strict
time schedule based upon accurate {though not final) orbua’l
data and minal uncorrected time readout,

- The following data will be prepared for each

Final frame ephemeris - will include the items listed under 3°

above, with refined pitch, roll and yaw data from the Stellar/
Index readout.

Hendle } e i
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The KH-6 camera. system consistg of a
. single panoramic camera, a stellar caimera, and

an index (frammg) camera.

Ponoramic Comeru

1 r;e KH-6 panoramic camera provides rela-
tively large-scale, hxgh acuity. monoscopic or
stereoscopic phorog-raphy of selected target
areas. Both vertical (monoscopxc) and conver-
gent (ste reoscopic )photography are aecomphsh-
ed by a single panoramic camera recewmg its
image via a mirror. The mirror, which is held
stationary during a panoramic scan, may be
tilted so that the camera scans verucally, 15
degrees forward, or 13 degrees aft (Figure 1).

The camera operates in unitsof 16 "bursts"
‘each.
tical photographic coverage either in a pulse
mode (one 16-frame burst) or a continuous mode
(a series of l6-frame byrsts). In the stereo

mode, eight frames are exposed with the camera

looking forward 15 degrees; the mirror is then
tilted 8o that the camera is looking aft 15 de-
grees, and eight additional frames are exposed
covering the same ground area photographed by

e first eight frames (Figure 2). This series

f 16 convergent exposures may be repeated as
-mmy times as desired. However, a.gap in

ground coverage will occur between each 16

exposure series of steréophotographs. Thisgap
will be approximately equal to the ground dis-
tance covered by ohe stereo burst (Figure 3).

. The’entire camera system may be rolled
as much &3 plys or minus 30 degrees for selec-
_tive coverage of targets.not directly under the

The mionoscopic mode will provide ver-

KH!6 CAMERA CONFIGURATION

-

\

same stellar/xndex (S/k) cameras utilized in the :

)
flight path. ‘lhe roll-=teering is accomplished

in five discrete angles of plus 30 degrees, plus
15 degrees, zero-degrees, minus 13 degrees,
and- minus 30 degrees (plus when the camera is
looking to the starboard, minus whenthe camera .
ig looking to the port side). Figures'2and 4.
illustrate the effect of camera mode upon ground
coverage. S g .
1 PR

Stellor/index Comeras

. -~

The KH-6 camera system will employ the

most recent KH-4 missions. These Camerasmay _

be operated either slaved to the panoramnc
camera or independently to provide -attitude,
position, and cartographic 'informétion

When operated slaved ;\o the pan camera, '
the S/l cameras will’ fire three times for each -
smgle pan burst of 16 frames at a 10 to 1 ratio,
the third frame firing after completion of the
pan burst at a time.interval equivalent to 10 pan
frames after the previous S/1 firing. When the
pan camera is fired several consecutive bursts_ -
the 10 1o 1 ratio holds through all bursts except
the final one when the stellar/index camerawill
fire three times as explained above. !
- - Limited film capacity (75 feet for the stellar
camera and 125 feet for the index camera)on

‘early missions employing the KH-6 system will

preclude independent operation of the S/1.cam-
eras. However, an increased film' capacity on
later missions (250 feet for the stellar camera
and 500 feet for the index éal;nera) will permit
continuous independent operation of the S/1

cameras on each photographic pass.

1--

NorFoa-..
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s KH-6 CAMERA FEATURES
‘?o“no':'.mc Comera o ' 2 . widths for exposures of 1/75 o 171,500
Lens:  diffraction limited, 6 element, f/5 second .
Focal lengtr  ~e inches (1,676 mm) . " Filter: Wratten 12 or Wratten 21
+ Scan Angle. ~Zdegrees Film load: 5 ineh x SADGGH;S‘et (3-mil Estar
" Shutter: focal plane film) : LN
¥ Shutter Fpeed‘s: 10 interchangeable 'slif Format size: 4.5 inches x 25 inches

.0 "
‘ LENS ROTATION

. e RIN N~ '
- DUAING 3Ca eﬁ
. 1y =
~

STELLAR/
g INDEX
uNIT

¢ e PANORAMIC CAUERA CONFIGURATION -
rmansiation  FOR VERTICAL'AND CONYERGENT
7 PHOTOGRAPHIC SCAN

* .
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INDEX
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TRANSLATION L .
. e C . * PANORAMIC CAMERA IN SELECTED :
. - ’ , ROLL ANGLE POSITION
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.t " . FIGURE 1. KH-6 CAMERA CONFIGURATION AND ROLL DIAGRAM.
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Scale: approximately 1:100,000 Shutter speed: 1/2 second to 6 seconds .
Image motion compensation (IMC): propor- Filter: none
tional to velocity/height (V/h) ratio. 11 Film load: 35 mm x 250 feet
ramps available. . . - :
P . o ', Format size: 0.9375-inch diameter
Stellar c°m°'°. ! Reseau: 2.5 mm reseau for calibration
Lens: Cannon /1.9 purposes, not visible on exposures.
Focal length: 85 mm Index Camero ’
- Cone angle: 16 degrees L’éns:i Zeiss Biogon /4.5 -
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Focal length: 38 mm
. Field Angle: 72 degrees x 72 degrees

Shutter speeds: 1/125 second, 1/250second,

and 1/500 second -
Filter: Wratten 21
Film load: /0 mm x oOO feet

Format size: 2.23 inches x 2.25 inches

with.1,/8 inch separation between frames

Reseau: the lens-camera system is equip-
ped with a reseau made of evaporatednickel
chromium on a one-millimeter borosilicate
glass plate. The reseau interval is 2.5
mm over the entire format;

Scale: approximately 1:4,400,000

FORMAT AND TITLING

Paonoramic Camera

The KH-6 panoramic camera format is 4.5

x 25 inches with indefinite demarcation of the -

ends of the frame (Figure 5). Vertical ground
coverage at 90 nautical miles (nm) altitude is
6.3 x 34.2nm, withapproximately; 700,000 square
nm of coverage for a mission of 3,600 frames.
Overlap is 10 percent nominal at the nddir, and
is maintained for the entire V/h range. )

Viewed through the base of a film positive,
the Ttitling will appear on the leading edge
(direction-of-flight) of the frame and will contain
the following information: :

. 1. Pass design.a{or ("A" for ascending;
"D" for descending; "M" for a continuous
pass, both ascending and descending),

2. ?nss_number (two digits)

3. Frame number (three ;ligits) .
4.  Mission number .
5. Date of mission

6. Classification and codeword

Frames will be numbered conseéutively for

each pass.*
A data block will appear between trames

It should be noted that the data block is one frame

removed from the frame to which it applies; for

example, the data block for frame 113islotated

.>6. R ’ * ., .:.-.'.

Hendle Vie
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" block will .include a 29-bit bina

TOP—SEGRET. " oAt

e3). The data
time word,

between frames 114 and 115

‘roll-steering positionindicator (plus 30degrees, -

plus l3degrees, zero degrees,;ﬁnus 13degrees,
minus 30 degrees), mirror position indicator
(forward, vertical, -aft), scan rate error ia-
dicator, and vehicle pitch and roll data® ac-

_quired from the vehicle guidance system (Figure

2) ' ml will be recorded to a least
EF. UFPLEIENT

signi of 10 mmutes over a range of

plus or minus five degrees from nominal. Pitch’

will be recorded for every other frame and roll
for the alternate frames.
The KH-6 camera system utilizes the same

. clock gs employed in the KH-4 system, with an

accuracy of plus or minus five milliseconds.
The time data is recorded by 29 bits and repre-

sents elapsed -time; however, unlike the KH-4

system, no frequency marks are imaged on the
format. Mirror position and roll-steering are
indicated individually by a series of 3bits. When
scan rate error exceeds 10 percent it will be

indicated by a lighted bit in the scan rate error .

block.

Stellor Comero,

The stellar format is 09375 inches in dia-
meter. A reseau-will be installed for calibration

—_——
*Plus pitch is lengitudinal axis of vehicle in direction of
flight pointed up. Plus roll is starbosrd ** wing™ up. ~
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FI'GQRF 6. PANORAMIC CAMERA DATA BLOCK.

purposes, but will not éhow onthe film. Instead,
four reseau calibration points (intersections)
will be ‘exposed on the film in symetrical ar-
rangement outside the format. Their orientation
may vary fromone mission toanother (Figure7).
Calibration data will be provided for each
camera. The damera serial number \_h:ill be re-
corded on each frame and a frame correlation
mark will appear on random frames, the latter
for correlation of stellar frame to index frame.
Only the frame number will be titledoneach
frame. Framea Mll be numbered consecutively
throughout the mission. Titling informationgon-
sisting of mission number, date, classification,
codeword dnd a chart. correlating frames to
passes will be affixed to the head leader.

. —

Table 1. Mirror Puxition

-[ 2* [ 21 20

Forward 1 0 0
Vertical 0 1 0
Afe 0 0 1
2
" Table 2. Roll Steering
30° 15° . Nign
2 2! 20
+30° 1 0 0
+15° 0 1 0
fre 0 0 o I
- 15 0 L1 T
- 30 1 . 0 1
Table 3. Roll Pitel Light
- Roli . : 1

Pitch

Table 3. Roll.Pitck Indication Seren Bit Binary

-5 0 0 0 0 0 0 0
0° 1 0 0 o "0 0 0
+4.9° 1 1 1. -1 1 1 1

Index Comero

: a?_ index format is 2.25 x 2.25 inches and
will

e a 2.5 mm reseau superimposed on-the
image. Calibration will be provided for each
camera, and the camera serial number will be
recorded on each frame. A frame correlation
mark, on a random frame basis for correlation

.of index frame to stellar frame, will appear on

one edge of the frame. A 29-¥it binary time
word will be imaged on the opposite edge. Time
data will be recorded by the standard 29-bit
binary word, withinte rrogauon being made ofthe
same clock that supplies time to the- panoramxc
data block (Figure 7). <

Titling data will be in a double, line con-

sisting of frame number, mission number, date,

-
™~

-9 -

iy
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STELLAR CAMERA

FRAME CORRELA 11N
FICUC AL MEMP WILL BE _aDOTN

classification and codeword. Frames will be °

numbered consecﬁtively throughout -the mission.

Image motion comperisation (IMC) is ac-
complished by translating the lens along its
axis of rotation while the film is being scanned,

and is variable proportional to V/h with an -

. ) t

Hendle Vie

Contrel On',

.'FIGURE-L, STELLAR AND INDEX CAMERA FORMAT AND TITLING.

» affixed to the head leader.
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to within one-half of one percent of
the prbgramed value. Eleven V/h ramps pro- _
vide for a range in IMC to match cycle periods -
from_a minimum of 1.3 seconds to a maximum
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of 2.6 sceconds, corresponding to a scanvelocity Ve - Velocity of leni - .
range of  1.1164 radians,;second to 0.3552 R .
radians second. ‘ . . )

lhe equation of the path of the principal Vo / I+ ME N

) ) . — . & — 1 cos »
point on the format, with the Y axis paralled to . ) N
h I« MLS - ML
the direction of vehicle motlon, is given by ’ .
- "J‘h -in # . ‘

" is i l~\1l2 . I <.
where Y is in inches, and » is the scan angle , e 1019 RRR
measured from the center of the format, S l"' E LT . LT

Due to the absence of timing pips, scan rate LT T et
will be provided with camera data on cach thus, : o : , =
mission. S ‘. °, ) L

: ? R .

- A variable vehicle yaw to compensale for i v INC - 1.019/. \G
Coriolis force is incorporated in the 5)stem dé- : : b 1 cos v .
sign. Consequently, the long axis of the frame W ’
should be Perpendncularto the ground track ofthe .o s' . L
vehicle, " ; Integrating the ‘].\4(2 with _respect o t e

vi vields .Y 4~ or the path of the principal point, . - '."‘
Desivotion of IMC - W e . - L I e
N . . . \ i 3 i .

. . R LR - G f \ ﬁ : R ..
i . \ - | 0 | -— - sm'u - nel ey
“Given! 1 - Pitch inertia of vehicle - 12, 590+ DN N E R T Y L

- C"’ Ib-ft-sec® o A \ ’ o
C - L (1.019) 08322y | =S5 *72,908 in, - .
‘ M - \lass of Icns Q,s,lugs = 192 lbs Yo :l.()l ) ' 3 ' '( 0,79 }\ )
A ehicl > VG T e - R
L stta‘.\,c f:;‘)m lu: o vchiclecen- 100'7;, - 034227 - - e
ter of.pra (" lhuut kng) - 55in s . e vt
1"' Y ] % noo% W, 0% . - P
f - Focal lengh - 66 in- . 2 ' T
‘ . ) : _ YiMc Uin *inches ) - 250‘! Tsin 6® T .
. # - Scan angle from center of format S e . e T N
B . . - e - . .," . w N
Wg - Scan rate in rad/sec . . Note: .= . A - ' B « o o .
* t  limeinsec Y ' fms - dt ;"‘/‘“5 We w1 ' ’
: ce Y
h  altitade in ft above Houghellipsoid, N . < ) ..
. p sin W ) t - [ L. sin.u -
Ve - ground velocity in'ft sec L0 s P :
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. KH.6 CAMERA SYSTEM

S[‘his supplement has been prepared to an-
swer several questions which have arisen on

February 1963,

KH-6

era System, dated

The followin

elaborations should be made in

changes and

1. On page 6, in the fourth paragraph
under the heading "Forfnat and Titling,” the

-

)

upp! n

penultimate sentence should read as follows:
“Pitch and roll will be recorded in increments of
approximately 4.7 minutes over a range of plus or
minus five degrees from nominal,”

2. The fbllowing pitch and roll conversion
table illustrates this system of recording:

N

PITCH & ROLL CONVERSION TABLE KH-6 SYSTEM

BINARY DEGREES MIN BINARY | DEGREES MIN BINARY DEGREES MIN
0000000 -5 0101011 -1 8.4 *1010110 -1 3.1°
0000001 -3 55.3 0101100 - -1 33.7 1010111 -1 178
0000010 -4 50.6 0101101 -1 29.1 1011000 -1 32.5
000001 1 -1 5.9 0101110 -1 24.4 1011001 -1 57.2
0000100 C - 412 0101111 -1 19.7 1011010 -2 01.9
0000101 -4 36.6 0110000 -1 15.0 1011011 -2 06.5
0000110, -4 31.9 0110001 -1 10.3 1011100 ¢ -2 11.2
0000111 "’? -4 7.2 0110010 -1 05.6 1011101 . 2 15.8

* 0001000 ~4 22,5 0110011 e 00.9 1011110 A 20.6 °
0001001 -4 17.6 0110100 -0 56.2 . 1011111 el 25.3
+ 0001010 -4 13.1 0110101 0 51.6 1100000 . +2 30.0
0001011 -4, T 08.4 ot10110 ° -0 . 46.9 1100001 -2 R I %
0001100 -4 03.7 0110111 -0 2.2 1100010, +2 39.4
0001101 -3 59.1 ol11000 ° -0 375 1100011 * $1.1
0001110 -3 54.4 0111001 -0 328 1100100 -2 n.7
0001111 ~-3 19.7 0111010 =0 281 1100101 -2 33.4
0010000 -3 .« 45.0 0111011 -0 23.4 1100110 - sl
0010001 -3 * 303 0111100 -0 1.7 1100111 -3 02
0010010 -3 35.6 0111101 -0 14.1 1101000 -3 07.5
0010011 ) -3 30.9 0111110 -0 09.4 1101001 3 122
0010100 -3 26.2 ot11111 -0 . 03.7 1101010 *3 169
0010101 -3 21.6 1000000 +0 00.0 1101011 -3 21.6
0010110 -3 16.9 1000001 +0 4.7 1101100 -3 %.3
0010111 -3 12.2 1000010 +0 09.4 1101101 -3 30.9
0011000 -3 07.5 1000011 -0 RERER* 1101110 -3 35.6
0011001 -3 02.6 1000100 & InT 1101111 - ns
0011010 -2 56.1 1000101 “0 214 1110100 *3 15.0
0011011 -2 53.4 1000110 +0 4.1 1110001 -3 0.7
0011100 -2 InT 1000111 *0 328 1110010 -3 e
0011101 -2 $1.1 1001000 +0 37.0 o1y .3 S0
0011110 -2 39.4 1001001 i 122 1110100 -4 ([ 9y
0011111 - LY R 1001010 -0 6.9 1nrmm -1 i~
0100000 - 30.0 100101 <0 51.6 1110110 -4 11.1
0100001 -2 25.3 1001100 +0 36.2 110111 -1 17.8
0100010 -2 20.6 1001101 " .9 1111000 -4 <2205
010001t - 15. 1001110 *1 5.6 1111001 -3 27,2
0100100 -2 1.2 1001111 *1 0.3 11100 -4 51.9
0100101 -2 06.5 1010000 “1 5.0 IRERTUR] -4 26.6
0100110 -2 01.9 1010001 2 19.% 1111600 -4 0.2
0100111 T §7.2 1010010 1 24.3 1o -4 - $5.9
0101000 -1 52.5 1010011 , 1 29,1 1111110 3 0.6
0101001 -1 115 1010100 *1 338 1R ERRAE! -4 354
0101010 - -1 4.1 1010101 .1 amd e
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Supplement C o - * : ot

'3.. Page.1l, second pa'xragraph, gives'the Intégrating the 'VlMé with respect to t -
equation Y=2.908 sin 6. This equation is'appli- yields YIMC or the path of the principal point.
cable in all roll steering positions, since the : .

variables VG and W_ in the formula are setso Y . | VG f ) | :
h ] . ' IMC = 1,019 | — sin ¢ = Yo sin @

: w
that the principle point path always goes through h s
the center of the format. As the ramps change

= 1 6 =* i
Y, = (1.019) (0.03442) (—9—0.796) 2.908 in.

' . : v
for different operating positions the _{,g and Wg v N
rates change accordingly to a different position - -_100% T " (0.03442) .
" on the ramp and the 2,908 sin 6 figure rémains 100% W, - 0.796
unchanged, ' )

. . ) Yimc (ininches) = 2908 sin ¢ .
4. Also on page 11, the forinula inthe final . ‘ :
paragraph should be changed as follows (the Note: S .

"“red underlining signifies the changes): B fcos 6 dt -/éos sz de - 1
: . . - W

5

| (sm-%) - (Vlv_)

e Yie .
TALE n;me : '
5 y ' ’




