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swesect: NPIC Attitude Measurement Requirements for HEXAGON

ro. MEMORANDUM FOR BRIGADIER GENERAL BERG

1. THE DNRQ zsked in Whig 7791 that NPIC Attitude Measurement
Hequirements for HEXAGON and NRO Plans to meet them be recon-
firmed, and that a Document be prepared which reflects the agreed
- statement of NPIC Requirgments: and corresponding planning perform-
{ ance of HEXAGON Hardware.

2. REQUIREMENTS

NPIC has requested that the HEXAGON System provide attitude data
with ah absoluie accuracy of at least three arc-minutes in all axes.
{(Reference | ). MPIC also desires that the attitude data
be available at NPIC no later than the time photography is delive red.

Positioning Requirement

The three arc minutes absolute is a valid goal if positioning is a
reqiirement, Whether positioning from the HEXAGON materials is
4 requirement or not is a matter which S5AFSP cannot confirm.,

Monoscopic Measurement R&ci*uimmmnm

The monoscopie measurement geometry results, for the worst case,
i 4 one percent error in the measuremant of Horizontal Dinwensions
and two percent srror in the Measurement of Vertical Dimensions,
where the sbsolute attitude error is 10 to 12 arc minules,

Sie mnmmgﬁgﬁ Messurement Kequi rements

The Stersoscopic Messurement Geometry is constrained so that an
sheolute attitude errvor makes a small contriby tion 1o the messurement
error. Relstive attitude errors cause an apparent scale difference,
The horizontal and vertical measurement errors are approximately

%éj
s
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BYE 16691-69

itude error of 15 arc minutes, NPIC

' ON Attitude System theoretically
rent requirements, the system should
y the monoscopic measurement

ol
L5,

2 e percen‘c fc::r a tel

A Accurate attztuda maasurement is- reqmred for use with the
one- half frame of mo s,capm coverage which oceurs at the Start
and Stop of each camera operation and the monoscopic coverage which
would occur if one of the panoramic cameras fail during the mission,

B. Stereoscopic measurement requires additional reduction time
and NPIC does not anticipate’ ha,vmg sufficient stereo measuring equip~
ment in the center to permit stereo measur'émems to be made, The
SPG suggests, on the other hand, that the half frame of monnscopic cover-
age at the stop and start of each camera operation can be considered
as wastage or bonus coverage and no known target will intentionally
be covered monoscopically. Since this is so, a degraded attitude
measurement capability during the time malfunctions occur may be
acceptable.

Ancilliary Requirements

Th=re was general agreement regarding the following aspects related
to attitude measurements,

A. The currently available time measurements are adequate,

B. More frequent measurement might be degpirable for diagnostic
purposes but a frequency of measurement of once per camera frame is
adeguate for normal operations,

C. The attitude measurement can be arbitrarily made at the start,
center or end of photography, although there is a mild preference for

measurement at the center of photography.

3, ALTERNATIVES

There are several ways to provide positioning information such as using
the HEXAGON Mapping System or improving maps in the area of interest
to the point where they are sufficiently accurate. However, these solu-
tions do not satisfy the NPIC Timeliness Requirement. In addition,

the HEXAGON Mapping System will not necessarily be turned on at the
same time as the panoramic camera.
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attltude maasuxem,
dimen swmng, The,

A, 'Ret’zim“the rrent design; that is, record information from
the pre%nt satellite vehicle horizon sensors and gyros. This will
provide a.ttxmde dat:a, vithin a relative accuracy of a promma*m bd
'3 arc minutes (2 o) in all axes and an absolute accuracy of 24 arc
minutes (2 @) in pitch and roll and 30 arc minutes (2 7) in yaw.
‘This does not meet thﬁ pasxtmmng requirement stated by NFIC.

B. inco;rpurate more accuraie matrumentatmn for the present
horizon sensors, This could provide absolute attitude data to an
accuracy of 10=12 arc minutes {7 ©). This would satisfy the require~
ment for monoscopic’ dimensioning as stated by NPIC.

C. Incorporate-an a},madv,r developed Sun Sensor to calibrate out
the gyro drifts and ‘horizon seasor biases, This could provide 3 arc
minutes (2 0 ¥ accuracy in absolute attitude bui might be affected by
hanzcn uncertainty and has limited growth potential,

D. Measure apparent star motions with a solid-state star field
comparator and gyros. This could provide 2.2 arc min (2 ¢ } accuracy
in absolute attitude but 2 new star comparator wiil have to be developed.

E. Measure apparent star numbers with a vidicon star seusor.
This could provide 2,5 ar min (2 &) accuracy in absolute attitude.
Development of this device entails some risk since the sensitivity may
be marginal,

¥, Incorporate a gimballed star tracker? This could provide 2,1 arc
min (2 ) accuracy in absolum attitude, This accuracy is easily achieved
but weight and costs are high,

4., The impact of the various possible changes is summarized as
follows:

SPECIAL HANDLING
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I%Effwmtimw Development Rmmrwm@
mm B f:wm

, hnpmw gmﬁmx,kr "'i’.tii’:u&e systeny First Vehicle $I50K Megligibde
10 approxizmat 3 y,lz arg minutes

Develop &
Incorporate

LMQQ or ITEK Vehicle 7 ) 5 240 W
Star Scanper

Develop. & :
Incorporate

Sun Sensor Vehicle T  $2.5M S$2HR

Develop &

Gimballed Vehicle T $4.58 8 800 K
mmrmm_

*”I"Xm & am ”";mmz:f mg x ahmmﬁ mam?wymwﬂm under m&w g’a«mw

mw@:mmém
decision to sele ; , ,
were given in ﬁgmb&r i?&% we wwm mxgmm m mw a%%;» Seventh
HEXAGON Vehicle.

6. The Aerospace Study on this subject is atloched
tion,

e pour pulormms s

Major General, USAF 2 gys Aspaspare Reprs
Uirector sy \
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ata securate To 2 i absoluie accuracy in all
k?iﬁ alun desives that the atvitude data be available
s NPT ao later than the time photography ig delivered.
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diffevence. The horlzonL31 and wvertical ﬂeuqurament STTorS
ave approximately two and one-half percent for a relative
‘attitude ervor of 15 arc-minutes, NPIC submits that even .
 though the HEXAGON attitude System{,ncorealcally meets the , g
steyeoscopic meagurement requirements, the system should L
provide sufficient accuracy to satisfy the monoscopic Kok
measarem@nt requxrementSpfor thﬁ ﬁollowzn “TeARons : e

by

Acau*a%e attitude measnremant is reouzreﬂ for use L
v;tn the one-half frame of monoscopic coverage which occurs ‘ ' L o
the start and stop of each camera operation and the mono- o
SCODlC coverage which would: oceur: Af one of the panoramnic
~cameras falls auring the mission.

: Siereosooplc meaghremeni requ¢fps addiftional reduction 5
time and NPIC does not anticipate having sufficient sterco :
,waasurxng equxpmenﬁ in the center to Wermlt sterco measure- :
ments to be made. The NRO sugﬂcsi& on the othey hand, that
the half frame of monoscopic coverage atl the siap ané.,marf

. of each camera operation can be considered as wastage or

- ponus coverage and no known target will intentionally be
covered monoscopically. Since this is so, a degraded atti-
tude measurement capability- durlng the tlme malfunctxona
‘oceur may be acceptable. :

v Ancillary Rﬁﬁulrementg « There 1s general agree-
‘ment regarding the fallowxng aspects related to attitude
‘measurements:

, 1. 'The currently available time measurements
are adeguaie.

2, More freguent measurements might be desirable
for diagnostic purposes but a frequency of neasm*@meni of
‘once per camera. cycle is adequa%e iaf noxrmal operations.

' 3, ‘The attitude measurement ecan be arbitrarily
made at the start, center, or end of photography, although
cthere ds oo owmild preference for measurement at the center of

pbotography o
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There are several wavs 1o provide positioning informa-—
tion suech as using the HEEA

KAGOR mapping system or Improving
in the area of interest o the point where gbey are
';LAently accurate. However, thesge solutions do not
satiafy the NPIC timeliness requizenents, o sddition, the

GEXAGON mapping system will not necessarily be turned on av
the same time as tThe panoramic camera. The several Tecaniques

'wnich could be used to make rapid attitude measurements which
an be used for either paszizoamng or dimensioning are:

1. Retain the current design; that is, record inm
ormation from the presgent satellite vebicle ﬂﬁr&%ﬁﬂ SRnS0Y
ané gyros, This will provide attitude data within a relative
racy of appfexlmatelj 3 arve-ninutes (2 7 ) in all axes and
bsolute accuracy of 24 avc-minutes {2+ ) in piteh and roll
and 30 arc-minutes (2 ¥) in yaw. This does not meet the posi-
b

ioning reguirement stated by NPIC.

2. Incorporate more acourate instrumeniaiion for
the present horizon sensors, Thls could pﬁavéﬁe absolute
attitude data to an accuracy of 10-12 arvc-minutes (2 7 ).

This would satisiy the requirement Tor monoscopic dimension-
ing ag stated by NPIC.

3. Incorporate an a’ °eady developed sun genscyr o
alibrate out the gyro drifts aﬁa horizon sensoy biages This
Cﬁu&& provide 3 arc-minutes (2 ) accuracy in absolute a%*“uude o
but might be affected by horizon uncertainty and has limited S
growth potential. T

ith a4 solid-state
rovide 2.2 arce
a new star

4, Measure appacent gtay wmotions w
star ilﬁld comparaﬁor and gyros. o This could :
minutes ) accuracy in ahsaiﬁtm attitude but
4*90mpufat9r will have to be devekaped '

e 5. %easufe ﬁ@parcni atar nuwb % xaz% & vmﬁmc@n , v
star sensor, This could provid “2‘5‘arc~m; utes (2 ) accnraey

in absolute attitude. ﬁavclopm,,f of this ﬁ@V;ce ent& 13 Same .
- risk since the sensitivity ‘be.
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18 June 1969

(ORANDUM FOR: Director, Mational Reconpaigsance Office Staff

BIECT: NPIC Attitude Measurement Requirements for
HEXAGON

CERERCE: NG Attitude Measurement Regnirements for
HEXAGON, Director NRO Staff,to Chairman,
COMIREX, b May 1969, BYE=2263-69 Pt

[ Pollowing receipt of the 9 June memorandum from the
Director, NRO,on the subject of HEXAGON over-runs, with particular
vophasis on reassessment of the need for the 12 -inch Bl camera, we
s NPIC to complete a thorough review of its attitude accuracy
rement, Attachment A, which was part of the NPIC reply to our
jest, we ave now forwardiog to you on the basis of its pertinence to
& May memorandum to this office (see reference).

& We note that your 6 Mav memorandum did not require an

NACKON upon s, 4d suge
das 1o T9%, MiclLueas, you might need all available information at this
gl Bt .

BYE-2278-69
Copy W!.;.‘_w

Handle via BYEMAN
Control
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accurate to better than 12 arc-minutes. We note also that purely for
mensuration purposes the 3-inch focal length camera would be pre~
ferred to the 12~inch SI. The chances of getting conjugate imagery
are increased with the smaller camera. Should any mission be flown
without an index camera it would be necessary to add a star scanner
or one of the other options outlined in your memorandum.

4. Please advise me if any other details or further
discussion of the problem would be helpful to you at this time.

(/’Z“”/} Gl A
William A, Tidwell
Chairman
Committee on Imagery Requirements and Exploitation

2 BYE~2278-69
HEXAGON- Handle via BYEMAN
“FOSP-SEERET- Control
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;o Attachment to BYE-2972769

ATTACHMENT A

1. | -of NPIC presented to COMIREX on 5 September 1968
a non-technical statement of NPIC's attitude accuracy requirements for
'HEXAGON with the request that COMIREX affirm the commmity requirements
- for accuracy and timeliness of mensuration. At the end of his presentation
he gas’sed out a Working Paper, dated 4 September 1968, which gave the details
. of his briefing.

2, Inessence, | speaking for NPIC, indicated:

a. NPIC had two categories of measurement which were regularly
performed:

(i) Positioning of points, such as specific targets,
with reference to @n accuracy commensurate to orbital parameters.
This would require an attitude accuracy from HEXAGON of at least
three arc minutes in pitch, roll and yaw with respect to local
vertical reference.

(2) Dimensioning of objects, both in the horizontal and
vertical, An attitude accuracy from HEXAGON of ten to twelve arc
minutes would be required for monoscopic coverage, while fifteen
arc minutes would suffice for stereoscopic coverage.

b. NPIC had discussed these matters with SAMSO on 6 and 7 August
1968, SAMSO officers expressed the belief that all measurements made
from HEXAGON imagery should be limited to stereo imagery. NPIC disagreed
because of the belief that there would probably be some objects
imaged on monoscopic coverage requiring mensuration. Also NPIC didn't
believe there was sufficient stereo mensuration equipment available to
meet expected needs if all HEXAGON imagery was in stereo, (This matter
is now under study at NPIC in an attempt to devise means to meet such
stereo requirements, if necessary.) At that time SAMSO also recommended
use of the stellar index package for those requirements which could not
be met by their planned Attitude Reference System (ARS). NPIC believed
this was umpractical due to a number of reasons: The physical location
of the SI package in relation to the main camera; the fact that the SI
camers may not always be operated in conjunction with the main camera
and when it was there would only be conjugate imagery approximately half
the time: there would be a burdensome requirement to perfom relative
orientations between the SI and the main system; and finally the fact
that receipt of the SI package film after the fourth bucket would
preclude ogtaining accurate measurements until several weeks after the
last of the mission film was obtained.

4 HANDLE WIA .
BYEMANJALE?«E%K&YHGLE
CONTROL SYSTEMS JOINTLY
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Attachment to BYE-2972/69

: c. NPIC also recommended to COMIREX that consideration should be
- given to providing some means of recording attitude data and then trans-
- mitting it by telemetry or tape so that it is received together with
- the main camera film.  This would permmit accurate measurements during
first- and second-phase readout minimizing or eliminating remeasuremenmt,
~reidentification, and reassessment of PI information. Also, the
- attitude data could be reduced only once for the benefit of the entire

d. NPIC pointed out that the CIA Imagery Analysis Service has
endorsed NPIC's recommendation that the main camera attitude sccuracy
requirement be at least three arc minutes in all axes.

3, COMIREX did not suppor

a. DOD Mapping Agencies and not NPIC should be responsible for
~ positioning. This means that ICRS and NRO positioning support required
~ for'mission planning on the KH-8 wherc timeliness is essentisl for new
targets, would have to come from the Mapping Agencies in the future, and
thus NPIC did not need three arc minutes.,

b. There was no requirement for timely accurate measurement during
first- and second-phase readout. Accurate measurements were requived
only within the third-phase reporting period, and response time was not
a factor. HEXAGON criteria called for achieving ten to twelve arc
minutes, TOPOCOM and others in the commmity had stereo measuring
equipment and could be called upon to do measurement tasks when and if
NPIC found itself equipment-limited. The SI package which covered about
half the mmber of targets covered by the main camera could be used
in thoge cases. There was no requirement for three arc minutes
accuracy on the part of Departmental PI activities. Finally, although
it would be nice to bave, the commmity did not require a one-time
reduction of attitude data, delivery of that data with the correspond-
ing main camera film, and could accept a situation of contimually
reporting out refined measurements.

4, In response to a COMIREX request, NRO provided a cost statement
(General Berg's memo of 6 May 19689) with regard to providing vary% degrees
of attitude accuracy. COMIREX, by memo of 19 May 1969, asked NPIC for
comments on Berg's letter which are provided herewizh as follows:

2

L HANDLE g
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N Attachment to BYE-2972/69

8. The design criteria is now stated as 15 arc minutes for the ARS
instead of the ten to twelve arc minutes previously understood by NPIC
and so reported to COMIREX by |

b, All proposals made by General Berg are acceptable in varyin
degrees of desirability, with the expenditure of $150,000 to acmeveg
twelve arc minutes recomnended by NPIC.

|

m;mnafmm%r mgemadamfm Dr. mums requesting
DOb affirmation of the need far S1 package in HEXAGON, NPIC believes
mt sapping and charting elements can pmvzde sufficient ;;usmfs.catmn
within tems of their own requirements, }hwwer, NPIC also believes that:

The mmnigm mmty could pmbamy derive some value
md ﬂxe Xndmc camera gf areas nnt covered by the

,W
in mm:m tn im passihle use m mmatmm

6. It :shmld ise made perfecti*y ;:lﬁa:r that NPIC was and is providing

i
- »ma realiz?; that mzst factors
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4S-NATIONAL RECONNAISSANCE OFFICE

WA T O,

4 September 1969

MEMORANDUM FOR THE CHAIRMAM, COMIBEX
SUBJECT: XPIC Attitude Neasuremenl Beguirenenis
for HEXAGON

REFERENCE: A, BYE 12817/69
B. BYE 2278/69

This mesorandus is to inform you of curreny ©fforts
by the NRO to provide aititude datn for the HEXAGON prime

BONBOLY .

Based on youp mwm@rﬁﬁﬂm@ mﬁ Eﬁ ﬁwmm WY (reder
and previous discuss af % 5 wpﬁﬁmﬂ% me att
data (reference B, the W ng with ﬁ&Vﬁﬁmwm@wa
of a 12 are minute (2 “”y Wit rm@h@
readout, Current invesii : ',"
programmed attitude systom
minutes, roll te 7 arce minw
ihe one-sigma level., It @
system at minimal cost to achieve ¥
sigwa level in pitch and roll, butl it fu unlikel
significant improvemsnt can be wade in the yay

1@ ﬁm%vm%ﬁ K& B
¥ at the two-

There is no prograsm o provide S-inch focal length frame
camera for HEXAGOX. The 12-inch focal length si a,wx%wvaam
camera presently voder development is pro mmedd
on the seventh HEXAGON vebicle, 7

mm@m USAF
nhrwﬁi@r

s‘mm
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WAGHIRGETON, 0.

3 September 1969

MEMORANDUM FOR COLONEL ALLEN
SUBJECT: HEXAGON Attitude Requirement

HEXAGON sensor and references s memo
ambiguous but taken in context wi

HEXAGON prime sensor is 12 are miﬁ @%“m
~ appears practical

150-300K, Altern
Star Sensor) bave been estimated ol 2,56 - 4¢ﬁm'ﬁ@r deve lopment

. had gotten some bad i

The message from| |at TAB B inguires as to NRO
action with vegard to providing attitude dats for the prime
randum fron Nr. Tidwell.
The referénced memorandus at TAB ﬂ“ﬁ%ﬁﬁvﬁ' han a 1itile

& oal ﬂwﬁm@mt indicntes
st for the
Hore %QQMW%&%
should be satislied
terrain camera, It

that the practical absolute a

attitude (the three arc misute regu
using conjugate imagery with the Mﬁﬁ%ﬁﬂ
t this tine to tweak up the present borizon
sensor-gyro -to approach the 12 are minuie re for about
fves (Star Scapner, Sun Sensor, Gimballed

and 240 -~ BOOK recuyring (TAB D).

DISCUSSION

terday, Col Buzard indicated
PRat ion. %ag J anson called Ny
iuﬂwy aﬁﬁ ﬁmiﬂ'tﬁav : ol wag% &%@ muwr&mﬁ

In a telecon yoR

ﬁhai&ﬁun, COMIREX, at TAB A ﬁummm%i%ﬁﬁ , te,
‘thereby infﬁ#mi@g the community and praw,di@g f@w fﬁ&@h@@kﬂ

 RECOMMENDAT ION

That the memo at TAB A by wsigned and
Chaivman,; COMIREX, by Col Sweeney on 4,

i

Aimhﬁ

TAB A, Prop Memo(BYE 13143/69) . J
EANBLL 511 TM Bi’ ! e e AR, W Iﬂtﬁ”ﬁ‘ﬁﬂ}u =
BYEMA AB C, BYE 2278-69 [ (em 1 1. 2 o
IACMNIAB D, BYE 12817-69)
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