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' ATION OF PROJECT ARGON

Orbital and Camera Requirements and Deta Reduction Procedu -.--

INTRODUCT JON

The ARGON system employs statistical data processing technigues to
convert rapidly the relatively inaccurate photographic ground and stellar
date recovered from artificial earth satellites intc an eccurate world
wide survey and globsal location reference system compatible with modern
wegpen system requirements.

The ARGON approach is both conventicnal and unconventional as cam-
pared to normal photograxmetry, It makes use of the dsta of exterior
camera crientation which are available from ortits and which so far have
not been available froe aircraft producing normal serial photography.
Photograrmetric systems from other than satellite vekicles have not had
the opportunity of taking intc consideration the dats used in this system
for facilitating and expecditing the ground date handling requiraed to
cbtain worid wide geodetic dats of adequate operational accuracy in an
extremely short time, The technigue utilizes direct anzlytic methods and
modern statistical mathematics and promises coherent world wide results
on a uniform and unique world wide datum. This approach also eliminates
the difficulties arising from the progression of errors inherent in all
strictly conventional photogrammetric approaches.

The technique proceeds {rom photographic records produced by a
mapping type camera in ortiting sstellites producing ground and correleted
ster records simvltanecusly thus permitting fvlly the exploitation of
exterior orientetien data with a high degzree of accuracy., BRarlier
studies indicate that strip type cameras must be excluded from considera-
tion. Recent studies established that no advantage is to be gained fram
the use of convergent type cameras as far as accuracy or expediancy of
dats processing is concermned anc in addition poses a substantigl weight
problem, The Monticello statietical approach to large area surveye
shows that a world wide survey with sufficient accurscy can be obtained
without neecd for identifiatle ground contsol peints of high positional
accrrecy. The orbital reference ottained from photographs over surveyed
territories is only used for producing sccurate locatione through
statistically monitoring a petworke gdjustment bty its statistical average
and not through inaividual observations, This fact eliminates the need
cf the eystem for reference to a ground tracking netwerk except for
securing relisble reccvery of ihe srace records, Ground tracking cats,
urlese it can te zhown tc be zccurate, will not be used in the ground
édata handling syster. If it is accursats it can be ea=ily included., Thus,
the ground data handling syrtem need not rely oa orbitel tracking data;
however, wtere such accurate information is aveilable, it may easily be
included.
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gystem is to obtein s unified world wide’
¢ seasure gecidal devistions fram this dutae ¥
soeuracy required to obtais an absslute accuracy of dissunces wiilhd
750! between sxy twe points on tbe surface of the earth. Thc SYsveK i
furtber produce a iocatiom refevence file of pictoriai (smali scaie phoic
graohic) images wrich will psreit the tie-in of any target found or the
n.ru 's surfase 0y Sami~yutomatic image correlstion, thne M.nim the

tion of that target with respect io the established datwm, ,

CIMER) CYSTRX

It has bewn estatlished that the only record whick could poes
proauce the necessary pecasiric accuracy required for msetias the
objective murt come from s photogrephic frame type camera cf highest -
porzitle peomesric Zidelity (best mapping camars availgdle). The camere
musi mot anly produce pictures of the ground providing complete Zroumd
coversgy cof tiie asriti'e surfece, but must alse produce s star record
rimmltacecwsly with saca grom< recarding permitting the determingkion of
the apstlal arientaticn. of tnc cptical acie and thuz (in comectix with
time and location) permit the geamstric rectification of esch grownd
phocograrh iato vertical perspective with g high degres of accurscy. It
is contemplated that the orientation of the camera at the instant of
expostre will be dsterminable to witkin 30 seconds of arc reducing .
deteriorating parspective distortioms to acosptable tolerunces. A recard
uwowammtommmmtmunmou
required for i tio-in of spave and earthbound ccordinate systems. The
beet Coamediric sng operitiontl cowmrraxise resvlis in a camers vhich pe-
corda an b imeh fLim. ncmenlmi’ocallengt..-msp:mcw ‘
kt x k¢ inok plcture cf the terrain, and simultansously aaother lenms
3 inch fosal legth p‘odceimnlgx&ndlptctmm a correlsted view
of the star field, Thntﬂnarryingthophotapcplﬁcmar&hl
iscent tora will bs nxari:al_,v recorered, '

Tpriner detalls omcerning: ciasvra cheractaristics are stated h
Iecionure 1.

TEHIC.S AXD OVERATIONKY. DATA

Toa camerz: iz ovacmio..byammamgw“c-
polar crbit st sn ereital height maumwm
for m*qgi ‘{;,i e .cly "0‘:- rantica: nﬂu)
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In order to obtain total world coverage, a miniwmm of one eech
successful satellite is necessary for perigee and appogee recoirdings. The
orbits must be laid out in such a manner that the 1éth orbit is 1/% of the
distance between orbitsl croesinge of the first arbii at their equatorirl
croseing. The resulting vericd of approximately 5ub3 seconds drtarwmines
the orbital neight to de near 180 nauticel miles.

The duration of operation for each eatellite will be Gu orbits or
apprerimately four days. Eepetitive coverage will be necessary in order
to eliaingie those arees covered by clouds on a single go-rcunc, Using
polar earbits, repetitive coverage will be available progresszively towarcs
polar latitudes, The total numbar of wveshicles required to producs
coverage of the earth's surface resassnably free of clouds will depend
uwpon the latitude of intereat end vpom the reliability of the vehicle
perforasnce including the recovery cycle, Stebilisation of the vehicle
Lo the horizon will be required within s tolerence of I 2 degreee 5 ir
pitck and roll gbout the vertical and in azimuth about the directicn of

orvital motion. In addition s ree.;chul angul&r velocity of 1 mirnute per_ -

secord wili-berequired, . i L

Detailed orvital requirements are stated in Inclosure 2. Tl

PROCESSING OF ORIGINAL PHOTOGRAPHIC RECORIS =

Immediately upon recovery of the original film it shsll be washed in
distilled water to eliminste the influsnce of salt water which might have
entared the film coutainer while at esa. If the film is dry it will be
left 2lone. The file srall then be shipped wet in a container filled
with distilied water cr 4dry to the ground dsta handling center. The
criginal filz will bs processed with the utmcst of care, keeping in mind
the great value represented by each recovared film peckage. Greatest
copsideration vill be given to thoes parsmeters which, in the processing
procedure, might introduce systematic distortions of the image through
giress, heat, and other mechenical influances, The original recordings
will be then trarnsferred immediately to & master copy from which duplicate
megatives willi be mads as required, Grestest care again wili be taken in
the reccoduction process sc as to not Loee detgil cortained in the originsl.
The sricire)! fils shall be archived &rd made available oaly for those
processes wtich carnot be ..at.ialiod from duplicates. Strong discrimination
will be execute: in dstermiring vher the origiral fiim can be used,

-GROUND DATA HANDLING SYSTEM

4 world wide survey i1s obteinsc fram the records produced by the
meyping cameras in tho orbiting rsteilites. The systex wiich produces
this suwrvey iz called the Cround Dets handling System, It uses the
following imput data: a) Satellits records consisting of ground and
correiatec star pnotographs, ths recaxi of absolute time, and auxiliary
horiscn recordings taken from the satellite's comtrol system; srd t)
Pre-requisites consisting of maps of surveyed territories of the world
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et map scales of 1:250,000 and larger, and of star catalogues.

‘'The Ground Data Handling System goee through the following pro-
cedural steps:

a. The pre-requisites are modified and annotated in such a manner
as to permit autamaticity of overation wherever spplicable, This requires
modification of the basic charts (pullups) and of the star cstalogues
(punch cerds or tapes). The identification of individual points is not
required other than ror a very limited mmber of anslytical checks for
calibration and accuracy where highly accurate large scale map surveys
(1:25,000 eor 1:50,000) are available.

b. The locstlion of ths principal pcints of those photographs taken
over surveyed territory are determined by placing them into available
mepe of these territories.,

¢. The crientation of tne optical axis of each ground exposure is
determinad through an automatic measuring arad computation process using
the star recc:d corresponding to that ground exposure,

d. The horizon plarne at the principal point of each ground picture
is determined in the space cocrdinste system by the lccation of that
point transferred into the space location system by means of the time of
sxposure. The difference betwean the perpendicular to the horizom plane
end the direction of the optical axis leads to tilt and swing for the
corrssponding ground phcto. The process can be reiterated to get highest
precision through & rapid convargent pracess.

s, By menny of focal length and pictorisl scaie, an orbital point
ie cetermined &t the end of tne optical axis vector at each principal
point which corrasponds to the satellite position when the picture was
taken, This position is expressed in coordinates of the szpace coordinate
systam. All photegrapnc taken over surveyed territory produce such
orbital ovservations. All orbital observaticns are rogistered according
to survey datums whicn they refer.

f. Rgch set cf observatiwas referring to the same datum is used to
compute tre orbit from that individual dstum. Since all cowmputed orbits
are sctuslly lhe same orbit, the apparent discrepancies betwoan resulting
computations must be considered as being csussd by davum discrepancies.
The average cf all datum camputed orbits representing ithe same satellite
weightecd by the nuaber of observaticns and the reliability of the
individval datum will result in an optimum orvit which statisticelly best
fite all obsorvationz perteining to that orbit. The procedure of pro-
dusing the best orbit is 4 reiterative cceputaticnal process in which
the parameters of siis and ehape of the earth will be modified in such a
rannaer a8 to produce an absolute minimum cof the discrspancies between all
cboervations and the ressultant sinzle crbit. This orbit extending over
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useful (recording) life period of the satellite (L days) establishes a
tape measure with a defined space station assigned to each instant of

g. Space stations are tnus defined over unsurveyed territory for
the instant of time at which photographs have been taken over that
territory. Also determined through the simultaneous star photograph is
the direction at which the optical axis pointed st the instant of ex-
posure with respect to the horizon plane at the mathematical reference
surface obtained from the satellite location and the recorded time of
exposure,

h, The tilt of the photographs can thus be dstermined using the
known tilt and the distance from orbit to the mathematical reference sur-
face, By tilt, height, and focal length, each picture can be rectified
to correspond in scale and perspective to that reference surface.

i. A defined position on the reference surface can be assigned to
the principal point of each picture taken over unsurveyed territory.
These positions will later serve as networks points establishing the
survey of the unsurveyed territory. The positional accuracy obtained for
the assumed position is estimated to be in the order of 750 feet.

J. The density of coverage due to operation in polar orbits in-
creases with latitude; consequently, the density of ground points over
unsurveyed territory will be irregularly distributed. In order to cobtain
a reasonable regular netvork of principal points, all principal pointe
determined will be plotted on a suitable projection. A selection is then
made among those principal points which are best located for forming a
regular network.

k. The selected records will also be partially covered by clouds,
Repetitive cover of cloud areas will be used to eliminate the cloud cover
in those pictures which are selected for the network. This elimination
of cloud cover will be achieved through a process of projection matching,

1., The principal points of the original selected pictures serve
then as assumed positions for a Monticello type network. Measurements
between these points are obtained fram the recordings through correlating
the same area of the ground shown in adjacent recordings. This procedure
of ground correlation permits the use of rapid electronic matehing
procedures providing great speed and automaticity of measurement. This
technique establishes a meagsurement between reference points which are
autmatically marked in advance (fiducial mark centers), hence eliminating
the time consuming interpretive rrocess of point identification, thus
providing the basis for autamaticity of measurement.

m. Prom the individual negsurements established between fiducial
mark centers of the records, a network of measurements is formed which




| corr I
relatively places the fiduciu mark centers with respect to each ciner

on a common datum and scale. The sccurate placement of the network on

the surface of the earth in the desired dstum results from the assumed
poeitions cf the netwerk points which are obtained from orbites in con-
junction witn recorded tilt data. The sssumed positions and tre meassue-
ments are the basis for the determination of the crientaticn and whe

scale of the network through lesast square adjustment procedures. The
internsal leart sJuare adiustment of the network cf measurements ic

obtained from an elecirical retwork designed uposn the snsicgy dbelween
Gauez' Statistical Procedures of idjustment of Measuremenle by ihe Least
Sum of Sgquares and Xirchofl's Laws ¢f Elecirical Ketwerxe. 211
cozrutgtional processes for determining the scale, orienta*ion, sind
internal adjustment cf ihe network gre comprised in one single

roiterative, convergent computational progrex involving digitsl and snalog
corputsrs, The time required for this computationsl proceses ie g few hourm,

n. The end products of the computational process are exact pceiticns
of the fiduciel mark centers which servs as reference poinis and pictorial
tackground ge represented Iin tne individual original records oriented witd
respest Lo Nortn and properly scaled and snnotsted. The reference point
coordinates anc scale as well as oriertation cf the pictorial background
are to be stored on magnetic tape in & form usable for further automatic
computation. The pictcrial background annotated with scale and orienta-
tion is kept in an automstic storing and retrieving system for further
reference.

MANALYTICAL VELIFICATION

tnalyticel crecxn will pe iun indspenasntly of the ground data
handling precedure in order o secure proper syetems opereiicn and to
prove the consistency of data in those areas where highly accurate surveys
are available. Theso analytical checks will require the use of large sccle
amape (1:62,500 o larger). A epecific objective of the analytical checks
will be t> prove the corristency =L tne interlor camera orientation during
ortitsl performarnce.

BPRCK rEOGEESSI0N ANALISIS

in error progreesion aualysis of the systen under considergticn
Bhowd that er accurscy of 260 feet wes attainabvie. The 750 foot eccurscy
stelacd to be obtainable through Project ARGON is, therefore, conservative,

WEATHER CONCIDBRAT IONS

wWaataar conditione to te encsuniered cver tne erea of interegt have
baer. etudiod anc are prouseried in Inclosure 3. The most faverable asonin
for securing ohotograpry har been ceterained to be the month of hily.
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‘pceeible to list the recuirements for an optimux camers aystam %<

~ e’ther _ere presently avalic'ls or are under contract. They

GEMERAL SPECIFICATIONS FOR TERRAIN-STELIAR CAMERA

A. IKRTRODUCTION

Meny things must be considered in the selection of a camsrs to do
8 specific job. This is particularly true when the camers is to operste
in an enviromment such as that impesad by an ertificial esrth satellite
and requirements imposed by an unconventional dats processing aystan
Some of the perametars to be congidered are:

&. Camerz cone angie.

b, lens focal lenztk.

c. Lers gperture and resclution.

d. Clamera geometric characterisiics.

¢. Camerz sise and weight.

f. Availability.

g§- Compatibility with ground processing system.

h. Method of holding film flat in focal plane.

i. Image motior. compensation.

E -] T TV T

k. Cone pressurisation.

i. Type cf film.

. ¥Xtc.

ifter a carefnl consideritici of these ané other paramsters;

tue photogrephic coversye ard avxilizry data nesded to aceomp]
vide survey frum satellite r.otosraphy. Components of this's

The camera da ,fri.bed ir tnis woo"t 3s really two ¢
iccisd riga’ly togeiher to insure a fixed relationship beh
epticai sxes. The camera will countain two lendes; one lens W
vertically downward to phctegrarh the earth snd the other

Il XA
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vhotegrapy tne star field, Tme camers will =
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efficiency shutier for bdotn lenses,
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Stutter speecds - Tue folluwing readily seilectadle shutter

sp-ed: stall de providec for the terrain cone: 1,100,
- S YA -~ T .
1/20, LTS, /2 sreemds,  For tne stellar ccne tne
t.felr flell VAYY Detuien ¢ oseconds and 1,700 sacina.
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Fiducial Markers - Naturally ancd artificially illumirnated markers
for terrain cone and twc indapendent sets of artificially
i1luminated markers Ifcr swellzr cone.shall be provided.

Image Motion Campensation - Not reguired.

Cone Pressurization - The inner cones will be pressuriged to

aporoxXimatel; 1.5 1bs. per square inch. Tois will provide &
means of film flattening and will reduce the tendensy f{or tbe
£ilm emulsgion te lose its moisture.

Perpendicularity of Filucial Axes - The lines Joining opposite
Tiduciel rarrers shall intersect at an angie of 90° ¥ 10 seconds.

Relationship of Optical Axes of Terrain and Stellar Cones - The
axis of the terrain cone and the axis of the stellar cone shall
intersect at an angle of 90° * 1 minute.

Relative Suing Between Focal Planes - The relative swing between
the two focal planes shali not exceed 1 minute.

Inherent Vibration and Dynamic Unbalsnce - The inherent vibration
and dynanic unbalanze of the cpersting camere shzll be reduced
(i.e., vibration and dynamic disturbance due to operation of
motors, solonoids, relaye, gear treins, shutters, etc.) to such
a level that the degradation of image quality at the slowest
shutter speed is not detectable by laboratory photographic
tests using a standard resolution test target.

wWelight Snpift Compensaticn -~ The caners ehall be designed such es to
reduce to a usable liri! any dynaric umbalancing effects of the
camera mechanism which weuld coerce tne camera mounting means.

Calioration - The camera calibration repert will contain the follow~
£ ormation:

a. Equivalent focel Length.
b, Calibrated Zocal lengtn.

c. Separate radial dietortion values across diagonals and
across flats at approximate 5° intervals.




d.
[

L.

Tengetial Mtbredi "=

Point of Symmetry locatiom.
Principal Point of Autoosllimation coordina‘es.

Iistance betwmen fiducial markers.

SheCotttravionvt-Rrssoer—ore

i.

3
x.

Calibration of CFL markers.
Perpendiocularity of fiducial axss.

The angle betwoen the 2xis of the terrain comsra and the
axis of the stellar camera shall be messured to & ascwrecy
of 3 geoonds. The relstive swing of the focal planes shall
be measured to an aocuracy of 3 seconds.

»

stimsted Welght and Size - The camera sod L0O0 feet of ithin-based

B gg
welgh no more than 150 pounds. Its xise will net

;nood32'x27'1:12'.

Fila
Type - Bastman S0 1189 Baulsion
Width - ov
Base - Thin Base (0.0035 in.}
Length - LOOO!

Weight - 7S 1lbs.
Spool Diameter - 15°




OPTIMUN ORBITAL DATA

Optimcmx Orbitsl Dete is bzoeld, to 2 large extent, oo tucee
parameters whixh will produce & specifiel side lap and eni lgp in the
areas in wtich ceairol is tc be established.

i. Enc lan. nly end lzp ie oecessary in aresas containing existing
control iRammver as orbitel dsia for esch pasa is restrictec to the phoic-
grsphy of the reisted pess., Trous photography irom cne pase caanct be
employec Lo deterxine croitui data oo s previous or sudbsequent pas: by
virice of side lsr.

The ead lap for any given sliitude and come angle may He dafined by
the sxposure interval inasmuch s sititude, neglecting al~- drag,
esticlishes ibe pericc and the orbital velocity ver second. Let use
assums that 6U% end lap for a cone angle of 27 = 70° slaong the directien
of motion iz reqrirsta. End lap may then be computed as follows:

™

6 5 = < = liness vnite of travel r second
\ | b

n-q'%- %’-%— = radian velocity per second

-

wvhore
RE = procduse of eaTili's mess e wniversal comstart of
gravivy

~
b Qx-x
?;- mean redivs of ths ecrth
e giitete of comere stetion

o nueber of radizue coversd by an expocure in tas dire
anc rormsl to the 2laws of motion, '

QsI-f
Y.y

lnl.&.é;fir
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0% end lap is LOY advance per exposure or .86. Therefore the exposure
interval ic sidereel seconds is expressed as .86,
n
Thus, any speciiic end lap is achieved fer any al*ituvde and cone
angie combination bty sitply defining the exposure interval. The equetions
for exposure interval gre illustrated in Figure 1.

AS

o

rure 1. @nd lap as a “wmctian of cone angle, H, and ortital velocity
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2. Sids lap. terel coversgz or side ler is samewhst more
invclvecd cince the camers iz in orbitl over a rovetiry copecx space. Tac
factors affecting the photograrhic iateral ~oversge ore:

€. Laterel rone apny.e ara gliivuos

. FPeriod of the satellite ond rolational welocity of the eartr

A - - -y - - - = Ya
Lna rLLe=liite OGin Lo Taz sarilh

= odnclinavion 2

The {atlinetiao~ ¢f iy omiiv ie »\;ug. Lo Lre T1rPHEt 1aniLund Ccovereln
nLownY pABE. AL LI iloaller ol asT TeSF FiVESs IGiecus N0 oTale nf
the sare oqgukioric. weli, Sinze the noat norvher: Latituce of iné arsar
cf interesv iz greater Tuan 2%, the resvltirns crbit will e near polar.
The isterz. gsin Telween or crait of T and £ opalor orbit ir nov signd-
Trcsant. Goevefcrs ile requiral per.oo ta provide & EDECL Yie salerel

R

&)
o]

coTeTege 210 & £3e2iTio cons angie will be besel on & orcliit with go
ipcliration of 90,

]

_nee the lecaral ¢n lesciiodire) cone eaglo iz Zived at 70 and
e sl L0 TOUEVLDGea ToTv 2D LODFLaeL, & specified side jap if oopen-~
dent orly on aititude for a circular orbit inesmuch ac altitude defines
toe pernody P s };.‘f.
The westward mivance of the sscending node in longitude may be obtained ..

from ' o_ P
AL e

and “hix rumter ©f papemt per o lGeres) col ZAY bo obLrined from
Seoreo v el
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a pasz added to the ;h&ie pumoer of passes o complete one sidereal day.
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wnere = = gnltr 2efinec lhe opolmk altitade and weris: Tures
i@

seqQuaniia. vacies [Tom wulall Lhe cuiimum erbitel asts may Lo invtermlioved

can thar be computead with these sxpric fermulase. The tabies ars
resirTicien Ln Lnots Yelpes SUXrTALNIILNG e ovtipue Yeivse,

Prew toess velist btae followmur opiimuk dete &€ seLEblistoel:
Toe Ted neniood midwes of I07 stetuie xilae

o Led,30 mennnds

.. - EEEP LA ¥
Yasner of nlacree: JaFd LIS
1. . . - Lo~ RL e 3
Iomeure intaTSEl « 2% Bl se=onds
. s
€. 1.. .. 1t g wy €
Tlae i owt 172 ~ W<
5

Side lsp st Ejuator - 0%
teTsl strip coverage - 4715126,3"
jivence per azposTre = 1°42730.52"

— - R L - i - .5 .
Fanle LovarLsc s Y3, x 25> nscticg mijes

Ir wndition, timwe will ue recorusd o within 0,001 secord.
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WEATHER CONDITIONS™

L study was made to detennine tre montih best suited for cttain-
ing ARGON phctography. 3ix weatner charts were produces. The
charts were plottec umny the wmaan number of cays with a total sky
cover of £ 5/1Cths, we-weer 122C-1400 nours locai stenierd time, for
the mcnths ¢f April throusn Seotermbder. The charts represent the
monthly statigticel sverages of msn” yearsz' records. The Climstic
Zenier, Headqua~tere, Alr Weather Servize, rrepared ‘ue charts. They
recresent the mon:lly swmarizations cf the total weather Service
holdings. Althouph the charts are general planning guides, they sre
sufficiently accurate for the purpose of selecting the btesi average
»onth for ARCN photcerephy. Tese dats are considered the best
availa. le for the area in question.

The aix weegtaer charts used for this study are attached to the
crigfanal revort omly. Time 313 not nermit the reproducticn of
&iditicnal copies. It is plannea to prepare and disseminate copies
of the charts at a later date.

The charts are coler coded to reflect the weather conditions
betwsen the isolines when the cloud cover is 5/10ths or less.

1. Red indicates 20 days (60F) faworable photographic weather.
2. =eern indicgiers 1y dava (507) favuirgble phowgraphic weather.
3. Blue inddicates 10 days (33%) of favorable photographic weather.

It has been determined that cloud cover, up tc 7/10ths or §/10ths of
the ey o~er anv grea will peneraily lesve sufficient ground detail
wcovered,

L Gets!led analysis ¢f the cna™.s clearly indicates that the
acriy. of duly ds tha vest moru, Jo= obtaining the maximur photographic
ocoverage over the 3cviet lnier and surrovnding areas. A statistical
arplysis of weether for Lhis montil indicates tue mos! favoratle randox
dietribuition o7 clouc cover. Tne westher records for cther parts of
e world for the momth of Juiy incicaves g pigher rate of cloud-free
aays.

Trne chart: aler inlicate t.a .U we dwsire to ~hoograph orly
tor nortieT™n ares of i Loviet undion, 44 wnldl De petiler tc cdo sc
lave in Jorll or eatiy im ko, DU ohaotograsidc cowver iz desired fer
ths southemn area, i! woulcd pe zdvissdie to seisst th: month of Auguet
or eariy Sevntember. It is odvious from the charts that the stable,
ware air Ironts move fra. norin tc southi. Toe storm track alsc follows
a xiri_ar path.




