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This" pubhcauon presents general techmcal 1nforrnat10n necessary
for the: reduction " of quantltanve data obtamed from photography using
Modification "KH-4 of the KEYHOLE camerasystem *  The specific

- camera data -- operanonal focal lengths, lens distortion, depressmn

angle of horizon cameras, image motion compensation (IMC) velocity,
filter and exposure data film data, resolunon capabilities, and tlmmg
pulses -- will be published separacely for each KEYHOLEmlssmn

KH-4 Configuraticn

The major modlﬁcatlon comprlsmg the §KH -4 conﬁguratlol w111 be
the utlhzanon of two KH-3 panoramic cameras mounted in a ccwergent.
manner to prov1de stereoscopic: coverage (F1gure 1). The caneras, to
be mounted at angles of 15 degrees to the verncal axis of the *arrymg
vehicle, will be canted toward each other, forminga 30-degree anle. 'The
cameras are designated as follows: the. forward -pointing cmera is
the "forward camera " and the aft- -pointing . camera is the "aft amera."

The vehicle is designed to fly with l 5 degrees of positie pltch'
i.e., nose up, Wthh will affect the orlentanon of the camers to the
nadir. The panorarruc cameras will not be compensated for tis pitch

*The inmal KEYHOLE camera system and subsequen. modlhcauons are designated KH'® with
a numerical suffix. In the future, camera information pert.aming to & particular KEYHOE mission
will be identified both by mission number and by the appropnate ‘camera designation.

In the l\H 1 conliguration (The initial system), image motion compensauon (IMC) has constant
velocity. This camera configuration was utilized in stsxor‘ 9009

In the KH-2 configuration (the first modification of the _camera system), the IMC chges con-
tinuously throughout each pass.” This camera configuration was utilized in Missions 13, 9017,
and 3019, . e .

For a description of the KH-3 configuration, see \PIC publlcauon,—_l\iificat.ion
hH-3, KEYHOLE Camera System, Aug 61. - —

For s discussion of IMC, see CIA publication, “ Explanation of 1ze Motion
Compensation Provided on KEYHOLE Camera Svstems, May 61.-
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FIGURE 1. A VERTICAL CROSS SECTION SHOWING THE KH-4 CONFIGURATION.
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angle. The forwafc'_i' camera will point fdrx\)gf'ci:_'l6.5 degrees from nadir
and the - aft carn‘é:r'a-«: will point 13.5 degrees _ffom the nadir. The aft
camera is orientéd approximately the s_ame::-es'fthe camera’in the KH-3
system. The fofv\:l;ard camera will scan the fgroung’i from left to right and
the aft camera wili scan from right t'o'left. _-'I’“ﬁhe_'fprward camera, because
it faces in the oppos1te directib_n, réQuif‘:ef‘s -a’ reversed image motion
This change will show in the equation of the

compensation (Figure 2).
‘ . for this path in the forward

path ogthe pfinciibé} ~point. - The *equatiefl
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cameraﬁ 1sz'.:Y = +8.1864 ;élsin» 0" &
aft camera 1s Y= - f_' 864 °sin 6.

In the early §1ss1ons of the KH 4 sy tem both cameras will be
operated by :a common program wh1ch has been extended from 15 minutes
to 30 minutes in durat1on i.e. ," veloc1ty/he1ght (V/H) ratio program.
However, the cameras are nonsynchronous.’s ’i ln a situation where one
camera fails, the other will continue to operate. o

Operations. The KH 4 system can operate on both ascending (south-
to-north) passes and descendmg (north -to- south) passes and there may
also be an operatlon where the camera is turned on during an ascendmg
pass and left on into a descending pass. ‘The capablhty. of producing
split passes “has bef'en improved. More than ojie ""camera off-camera on"
operation can be aétuated within a pass, the oﬁly limitation being that the
camera must remain on or off for a time per1od correspondmg to three
degrees of latltude ' ‘ ‘

Format Thexsize- of the forrnat of the panoramlc cameras in the
KH-4 system will be the same as the KH- B'format with the exception of
the w1dth “of 1mage which will be 2. 187 mghes The KH 4 format will
differ in the 1nformatlon imagedon the format ecgges, such as t1m1ng marks,
binary time’ readout and the t1t11ng (Figure 2)' The t1tlmg w111 appear on
the format edge contammg the fiducial marks On the f11m positive the
forward camera frames will have the titling on the s1de oppos1te the flight
dxrectlon and the aft camera frames will have the ‘titling in the direction
of flight. The t1tlmg will consist of operatron ("A” for ascendmg, "D" for
descending, ""M" for both ascending and descendmg), pass number, frame
number, camera des1gnat10n ("FWD" for forward .camera, "AFT" for aft
camera), mission number, launch date, and class1f1cat1on -

Time Data. 'In the 'KH-4 system a new clock will be.incorporated
with an accuracy- of + 10 milliseconds mth the readout imaged on the
format edge (F igur'e '2). The readout will. appear in binary form and will
represent. elapsed t1me ' Prov151ons are made to correlate elapsed and
real time. ' F requency. rnarks will be employed 1n thls system as they were
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The cycles per'second (cp )wﬂl be stepped up from
e frequency arks will appear . on the (t-:“dge opposite
the f1du01a1 marks e marks will be smalle‘r in slze than those which

appeared in the KH-1 nd KH 2 systems R

in the 'KH 2§system
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The KH 4 conﬁguratlon will include two ?(H 3 panoram1c cameras
and two pairs of horﬁzon cameras and a frammg camera for. - determining
the attitude of the carrymg vehicle. ;- - g '

KH-3 Panoram1c Camera. The prrnc1pal features‘rof the KH- 3

camera are as follows: 5

ool

Lens: etzval f/3. 5 , ;
- ; ¥

Focal length: 4 inches f %
i ‘ g .
Scan angle: .VO d.egrees & X

k) E &

Shutter: gocal plane

Shutter speeds mterchangeable slit w1d3'xs for exposures of 1/300

iseeond 1/500 second, and? 'l /l OOO second.

Film load: £70 mm x 7,600 feet (each umt)

Image motion compensatlon (IMC): Proporﬂonal to velocity/height

(V/H) ratio ‘ : ..2‘

Horizon Camera,' As in the earlier KEYHOI_.E camera systems, the
KH-4 system will otihze horizon cameras for determining the attitude of
the carrying vehicle. As in the KH-3 sysrem, which mounts a pair of
horizon cameras on a panoramic camera, the KH-4 system will use two
pairs of horizon cameras, mounting a pair- on each of the panoramic
cameras. The design depression angie of the horizoh cameras will remain
15 degrees from the horizontal plane when the panoramic cameras are in

the verncal position, - 3 F;vf :
-5- .
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Frammg Camera 'T he KH 4 system w1ll employ for the ﬁrst t1me a =
small frammgmamed’f 0 a1d in determmmg attltude The features of :

th1s camera are as follows. _ 3 .

el

@W

Lens: Zelss Blagon f/4 5-- . 3“ -
Focal length 38 10 mm L. ' ij

Field angle 72 degrees x 72 degrees | : L A

Shutter' f Compur, rated at 80 percent eff1c1ency ‘

Shutter speeds 1/125 second 1/250 second and l/SOO second - _‘_'.

Average’ we1ghted area resolution: 90 L/mm

Format s1ze: 2 25 1nches x 2. 25 1nches (70 mm)

Gnd 3 : The lens camera system 1s equ1pped w1th a Reseau

p 1 , %rid made of evaporated %mkel chromtum on a oné-.
_ ) m1111meter boros111cate glass plate The gnd 1nterval

sok :.'1s 2 5 mm over the ent1re format '

Filterﬁ, B : Wratten 21 | ‘“‘

Film load: .;";70 mxn X 120 feet, approxlmately 400 frames w1th
- f.l /8- -inch separauon betweenlframes

Scale: 7 - "E’ﬁprommately 1:7,000, ooo S :

The framlng camera will be controlled by the forward panoramic
camera. The erward camera will be programed to trigger the framing
camera once every predetermmed number of frames. - The framing
camera W1ll be tr1ggered when the. scan of - the forward camera reaches
the center of its format. The ratio of frammg camera exposures to forward
panoramxc camera exposures can be set frOm l 6 to 1:11.. The probable
choice will be between 1:6 and 1:8. The eXposure time of the framing
camera’ exposure w111 be recorded as an elongated frcquency mark on the

correspondmg panorarmc exposure Th1s mark w1ll appear on the forward
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format.
positive p1tch of the -

The -
mission number, date and class1f1cat1on
consecut1vely throughout ‘the entire mlss1on
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The fratmng carnera W1ll be ‘posmoned 1 Sudegrees counter to the
ehlcle 1n order to produce vertlcal photography

t1t11ng of the frammg camera W1ll cons1st -of frarne number, -
Frames ‘will benumbered
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