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TECHNICAL EXPLANATION OF PROJECT ARGON

) Orbital and Canera Requircrents .an&.Duu Reduction Procecuree

INTRODi*CTIC

The ARGON system employs statistical data processing techniques to
convert reapidly the relatively inaccurate ddotogrannic zreund ard stellar
data recovered from artificiasl earth satellites into an accurate wvorld
wide survey and global locaticn reference system ctompatible with mocdern
weapon system requiremerts.

The ARGON approach is both conventicnal 4na urconvertional ar cam-
pared to normal photogrammetry. I¢ mgkes use of the data of exterior
Camera orientation which are available from orbits and wrieh so far have
not been available from aircraft sroducing rormal aerial photogranhy,
Photogrammetric systems fram other than eatellite veticles have not had
the oppartunity of taking into consideration the data used in this System
for facilitating and expediting the ground date handlirg required te
obtain world wide geodetic data of adequate operational accuracy in an
extremely short time. The technique utilizes direct aralytic methods and
moderrt 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 bhotogrammetric approaches,

The technique proceeds from phetographic records produced by a
mapping type camera in orbiting satellites producing ground ang correlated
star records gimultaneocusly thus permitting fully the exploitation of
exterior orientation data with a8 high degree of accuracy. Sarlier

tion. Recent studies establishad that no advantage is to be gainec from
the use of convergent type cameras as far as accuracy or expediency of
data processing is concerned and in addition poses a substantial weight
problem. The Monticello statistical approach to large ares surveys
shows that a world wide survey with sufficient accuracy can be obtained
without need for identifiatle ground control points of high poeitional
accuracy. The orbital reference obtained from photographs over surveyed
territories is only used for Producing accurate locations throug
statistically monitoring a networks adjustment by its Statistical average
and not through individusl observations. This fact eliminates the need
of the system for reference to a ground tracking network except for
securing relisble recovery of the space records. Ground tracking data,

included.
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_ SYSTEM OBJECTIVES

The objective of this system is to obta.: a unified world wide
reference datum and to messure geoidal deviztions from this datm wita an
aocuracy required to obtain an sbeclute accuracy of distances within
TS0' between any two points on the strface of the earth, The system shall
further produce a location reference file of pictoriai {small scale photo-
graphic) images which will permit the tie-in of any target fo>and on the
earth's surface by semi-autamatic image correlation, thus determining the
location of that target with respect to the established datua.

CAMERA SYSTRM

It has been established that the only record which could possibly
produce the recessary geamstric accuracy required for meeting the
objective must come from a photographic frame type camera of kighest
possible geametric fidelity (beet mapping camera &vailable)., The camera
must aot cnly produce pictures of ths ground providing camplete grownd
coverage of the earth's surface, but must also produce s ster record
simmltanecusly wvith each ground recording permitting the determination of
the spatial orientation of the optical axis and thus (in ccnnection with
time and locstion) permit the gemmetric rectification of each ground
photograph into verticsl perspective with a high degree aof accaracy. It
is centemplated ‘hat the orientation »f the Camera at the instant of
exposure will be determinable to within 30 sscanda of arc reducing
deteriorating perspective distortioms to acceptable tolerances. 4 recard
of the instant of axpostre to determins the absalute tine will alsc be
required for a tie-in of space and earthbound coordinate systems. The
best geometric and operatiomal campromise results in a camera whi~h re-
cords an 5 inch film, weing a 3 inch focal langth lens pruducing a
k x b} inch picture of the terrain, ard simultuneously another lans of
3 inch focal length producing a 1} x 24 inch picture of a correlated view
of the star field. The fila carrying the photographic records in a
latent form will be phywically recovered. '

Purther detzils concerning cemsra charactaristics are stated in
Mclosure 1.

VEHICLE AND OPEBATIONAL DMTA

The camera is to be e‘r:-lodbyanhiclemamrly circular and
polar ordit at an orbital beight which is determined by the requiremoent
for ooverage -(approximstely 200 nawtical ailas). Optimum coverage
Pesults from palar orbite if half of the provided satellites are launched
innchnmﬂuttholightodmimottheumumdcm
perigee while the other half are launched so that the lighted portion of
the earth is wnder the apogee of the orbit. A local launch time of
sppraxinately 9 a.m. and 9 p.a. respectively for perigee and apogee
recarding gives minimmm cloud cover under all preveiling weather conditioms.
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In order to obtain tctal ¥orld coverage, & airisuw of me each
successful zatellite in R8Ca3L 3Ty for neriges snd acpogee rascordings. The
ardits muet be laid c=t in such 2 warnse thgt the lotk arbit is 1/5 cf tee
distance between orbital Croosirgs of the Tirst orbit % wheir squatoial
crossing. The reeuiting period of pErinataly 5563 secands detesynes
the orbital height to be neer 16C agnt2cal milew.

The duration of cpozetion for each sztcllite will be o arbiis or
apprcxisately four days. Repstitive coverage will be oscessary in ardsr
to eliminate those arsee covered Ly clwds cn & single go-round. Tex:g
polar orbits, repetitive cFeragzs will be gvailarle progreesively Lowerds
polar lstitudes, The total mmber of vatizles required vo procuce
ccversge of the earth's surface ressorably Z1ee of clowmds wiil deveand
upon the latitude of interest xnd upon the reliabiiity of the vehicle
per ormance including the recovery cycls. Stebiiisation of the vehicle
to the horison will be required witnin 4 tolersnce of & 2 decress RIS in
piteh and rcll about the vertical and in ezimuth about the direction cf
orbitel motion. In addition a residual angular velceity of 1 mirots rer
second will be required.

Detailed orbital requirements are stated in Inclosuze 2.
PROCISSING OF CRIGDAL PHCTOGRAPHIC RECOADS

Immedistely upon recovery of the original Silm 4% shall de wmushed in
distilled water %o eliminate the infivence of zalt water vhich mizht have
en'ered the film container while at gaz. o the film 18 drv it will be
laft aleme. The fi{lm shall tken be shipped wet in a comtainar filled -
with distilled water or dry to the ground cats bacdling center., T™e
originel film will be procassed with the Stmost of care, xeepiag iv wind
the great valus representad by escn recovered fila Fackage, Creztast
considerstion will de given to thoce parureters which, in the frocessing
procedure, aight iniroducs eystomatic distortions of the imags through
strees, heat, and other mechanical inllvonces. The origing) recerdings
will be then tranaferred iezedistely to a master Copy ITem which dmplicete
megatives will be mads as rejuired. Grectest cars again will be tatern ia

GROUKD DATA HAKTLING 3TSTZM

Avorldddaqunobtaimdnmthe records produced by the
Wpping cxserss in the orbiting satellites. The system which producsa
this survey is called the Ground Data Handling System. It uses the
fallowing input data: a) Satellite recards consisting of ground and
carrelated star photographs, the record of absolute time, and auxiliary
horisen recordings taken from the satellite's control system; and b)
Pre-requisites consisting of mape of surveyed territoriees of the world
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&t map scales of 1:250,000 and larger, and of star catalogues.

The Ground Deta Handling System goes through the following pro-
cedural steps: - -

a. The pre-requisites are mcdified and annotated in such & manner
as to permit autamaticity of opsration wherever applicabls. This requires
modification of the basic charts (pullupe) and of the star catalogues
(punch cards or tapss). The identiftcation of individual polnts is not
required sther than for a very limited mmbper of analytical checks for
calibration and accuracy vhere nighly accu-ate large scale map surveys
(1:25,000 or 1:50,000) are available.

b. The location of the principsi prints of thoss photographs taken
over surveyed territory are datermined by placing them intc available
maps of these territories.

¢. The orientation of the ostical axis of each ground exposure 1is
determined through an automatic moasuring and computation process using
the star racord corresponding to that ground exposurs.

d. The horizon plane at the rrincipal peiut of each ground picture
is determined in the space coordinate systex by the location of that
point transferred into the space locatiomm system by means c¢f the time of
exposure., The difference betwoen ths perpendicular to the horizon plane
and the direction of the optical axie lesds to tilt and swing for the
corresponding ground photo. The process csn be re’teratsd to get highest
precision through a rapid convergent proceas.

6. By means of focal lergth and pictorial scale, an crbital point
is deterxined at the end of the optical axis vector at each principal
point which corresponds to the satellite poeition when the plcture was
taken. This position is expressed in coordinates of the space coordinate
system. All photographs taken over survaeyed territary produce such
orbital observations. All orbital obssrvations ere registered according
to survey datums which they refer.

f. BEach set of observations referring to the same datum iz used to
compute the orbit from that indiwidual datum. Since all computed orbits
are actually the same orbit, the apparent diecrepancies betwsen resulting
computations must be ccnsiderod as being caused by datum discrepancies.
The average of all datum computed orbits represonting the same satellite
weighted by the mmeber of observations and the reliability of the
indivicdual datum will result in an optimum orbit which statietically best
fits all observatione pertaining to that orbit. The procedure of pro-
ducing the best arbit is a reiterative caxputational proceses in which
the parameters of =i3e and shape of the earth will be modified in such a
manner as to produce an absolute minime of the discrepancies between all
observations and the resultant single orbit. This orbit extending over
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useful (recording) life period of the satellite (L days) establisnes a
tape measure with.a defined space-station assigned to eacn instant of
time, ‘

g€. Space stations are thus 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 at 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 photograpns can thus be determined using the
known tilt and the distance from orbit to “he 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.
Theee positions will later serve as networks points estatlishing the
survey of the unsurveyed territory. The positional accuracy obtained for
the assumed positiaon is estimated to be in the arder of 750 feet.

j. The density of coverage due to operation in polar orbits in-
creases with latitude; consequently, the density of grounc points over
unsurveyed territory will be irregularly distributed. In order to ootain
a reasonable regular network of principal points, all principal points
determined will be plotted on & suitable projection. A selection is them
made among those principal points which are best located for fcrming a
regular network.

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

1. The principal points of the original selected pictures serve
then as assumed positions for a Monticello type rnetwork. Measurements
between these points are obtained from 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 matchimg
procedures providing great speed and automaticity of measurement. This
technique establishes a measurement between reference points which are
sutamatically marked in advance (fiducial mark centers), hence eliminating
the time consuming interpretive process of point identification, thus
providing the basis for automaticity of measurement.

n. From the individual measurements established between fiducial
mark centers of the records, a network of measurements is formed which
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relatively places the fiducial mark centers with respect to sach other

on a common datum and scale. Tte accurate placement of the network cn

the surface of the earth in the desired datum results from the sssumed
positions of the network points which are obtained from crbits in con~
Junction with recorded tilt data. The assumed positions and the meazure-
meuts are the basis for the determination of the orientation and the

scale of the network through least square adjustment procedures., The
internal least square adjustment of the network of Beasurements is
obtained from an electrical networx designed upon the snalogy between
Gauss' Statistical Procedures of Adjustzent of Measurements by the Lerst
Sum of Squares and Xirchoff's Laws cf Electrical Networks. All
camputational processes for determining the scale, orientstion, and
internal adjustment of the network are comprised in one single
reiterative, coavergent caeputational program involving digital and azalog
camputers. The time required for this computational process is a few hours.

n. The end producte of the computational procees are exact positians
of the fiducisl mark centers which serve as reference points and pictorial

respect to North and properly scaled and annotated. The reference point
coordinates and scale as well as crieatation of the pictarial background
are to be stored on magnetic tape in a fore usable for further autamatic
computation. The pictorial background annotated with scale and orienta-
tion 1s kept in an automatic storing and retrieving system for foerther
reference.

ANALYTICAL VERIFICATION

Mnalytical checks will be run independently of the ground data
handling procedure in order to secura proper systems operation and to
prove the consistency of data in those areas ‘where highly accurate surveys
are available. These analytical checks will require the use of large scale
maps (1:62,500 or larger). 4 specific objective of the analytical checks
vill be to prove the consistency of the intarior camera orientstion during
orbital performancs.

ERROR PROGRESSICN ANALYSIS

An error progression anslysis of the system under consideration
showed that an accuracy of 266 feet was attainable. The 750 foot accuracy
stated to be obtainadle through Project AROON is, therefore, conservative.

WEATHER CONS IDERATIONS

Weather conditions to be encountered over the aree of interest have
been studied and are presented in Incleosure 3. The most Zavorable momth
for securing photography has been determined to be the month of July.




GRMERAL SPECIFICATIONS U8 TS ATNSTEIlAr ZAMTRA

A. INTRODUCTION

Many things must be considered in the selectior ¢f a camera tc¢ 4o
a specific job. This 42 par*iculatiy true when ‘he camera is tc ciara”e
in an savirorment such 38 that impose? w7 an artificial ag—n @
and requirements impcsed “y an urc'mventicral iate processing syscers
3ome of the parametera to Le consgidered arae:

a. Canmera cone anrle.

b. Lens focal length.

C. Lens aperuse ard resclutlon,

d. JCamera geometric chneratleristics.

e. Camera scze aa weliprht.

f. Availacility.

g€+ Compatibility with grourns process.iig 3ystem.

L. hethod cf holding film [lat in Zccal plane.

1. Imase metlon cumpensaticrn.

F—-hseoas-

k. Ccne rressurizaticn.

1. Type of fil=.

r. Itc.

After a careful consideration of *.e9e and cther pa~emeters, it w9
poseitle ¢c list the reguirements or an optimux camera syster Lo rrovice
the ~hotographic coverage arc auxiiiary -ata neelec o accerwmprisn o worli-
wide survey {rom satelli‘e photograpny. Camponents cf tais camera systam
eitnar a~e Drasertly availaile or are under ccniract. They repreesent th2
state of zhe art.

The camera Zescribed in this report is realily twc calicorsted ccnes
locked mgidly tegether tc insure a fixed relationship between their

optical axss. The camera will contain two lenses: one le=ns will peint
vartically downward to pnotograph the earth and tne cther will ce oriented




90° to it and will photograph the star field. The camera will ~e
mounted rigidly to the vehicle and will depend or the satellite's
stabilizing system to keep it properly oriented. A sirgle roil of
film will be used for recording the verticul shotograph of trhe earth,
the star field, absolute time in binary code and cther auxiliary data.
The film will be transported to a cassette i-inediately after exposure.
The cassette is a part of the recovery package.

3. CAMEZA SPECIFICATICN

Focal Length

Terrain Cone 3"
Stellar Cone 3n

Format Size

Terrain Cone hé" x Liv
Stellar Cone 13" x 24

Distortion (Radial & Tangential) - O-6 microns

Cone e

Terrain Cone (across flats) 7&8
Stellar Cone (across flats) 28~ x LS°

Shutter - Inter-lens, high efficiency shutter for both lenses,
synchronized to less than .00C2 sec.

Shutter speeds -~ The following readily selectable shutter
speeds shall be provided for tae terrain cone: 1/100,
1/220, 1/L30, 1/800 seconds. For tne stellar cone the
speeds shall vary ocetween 2 seccnds arnZ 1/50 second.

Flaten Flatness - * 0001 in,

Lens

For Terrain Cone Baker 3" £/2.5 (T/L)
For Stellar Cone 3" f/1.5

Resolution ~ The lens-film combination of the terrain oone will have
a resolution of 60 lines/mm AWAR using a standard high
contrast resolution target in laboratory tests.,

Resolution of stellar lens system under same conditions
shall be LO lines/mm,

2
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Plducial harkers ~ Zaturally znd artificd
Ter terrain cone ana htWo indevencer

“1luminated nar ers for slell:

w

Jone Mressurization

The imner cores will e presgurized to
loa. jer sguare inch. This will provide a2

atproxivatel, 1.
means ol 1ilm L3

s e Lo e S e,
Iilm emuisicn 1o 1ose its moisture.

Perpendicularity of riducial Axes - Tne lines joining cvposite
m—r

Kelat:onsndin of ¢ .lcal Axes of Terrain arnd Stellsr Cones - The
terrain cone and the axds of the stellar ccne shall

~

intersect &* an engle of $0° X 1 rinute.

e Swing wetwsen Focal Planes - The rzlati
a4 :

iv 1ve swing between
the two focal planes shal.l rnot exceed 1 ranute.

Inberent Vibration and Dynamic Unbalance -~ The inherent vibration
and dymamic unoalance of the operating camera shall be reduced
(i.e., vibration and dynawic disturnance due to operation of
moters, soloncide, relsys, gear trains, shutters, etc.) to such
a level that *the degradation of imaze qualiity at the slowest
shutter speed is not detectable by laboratory pheotographic
tests using a standard resolution test iarget.

weight Shift Compensation - The camera shall ve designed such as to
reduce to a usaodle limit any dyramic unbalancing effects of the
camera mecnanism which would coerce the camera mounting means.

Calibration - The camera calibration report will contsin the follow-
ing information:

a. Egquivalent focal length.
b. Calibrated focal length.

c. Separate radial distortion values across disgonals and
across flats at approximate 5° intervals.

.;
- e ) : 4 - .
ers shall irntersect at an angle of 909 I 10 seconds.

&
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f.
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Tengential disto‘rtio-n .
Point of Symmetry location.

Principal Point of Autocollisat.cn coordinates.

[istance between fiZucial markers.

Calibration or keseau, or

Calibration of CFL markere.

Perpendicularity of fiducial axes;

The angle between the axis cf ti.e terrain camera anc the
axis of the stellar camera sra'l be measured to an accuracy

of 3 seconds. The relative swing cf the focal planes shall
be measured to an accuracy cof 3 seconds.

Estimated Weirht and Size - Tre camera and uy000 feet of thin-tased

film will weigh™ no more than 1%) pourds, Its size will not
exceed 32" x 27" x 12v,

Film

Type - Eastman S0 1188 Emulsion
Widtnh - gn

2ase - Thin 3ase (0.0035 in.)
Length - L200!

weisht - 75 1bs.

Spooi Diameter - 15
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OPTIMUM ORBITAL DATA

Optimam Orbital Data is based, to a large extent, on those
parameters which will produce a specified side lar and end lap in the
areas in which control is to be establiched.

1. End Lap. Only end lap is necessary in areas containing existing
control inasmuch as orbital data for each pass is restricted to the photo-
graphy of the related pass. Thus photography {rom one pasgs cannot be
employed to determine orbital data on a previous cr subsequent pass by
virtue of side lap.

The end lap for any given altitude and cone angle may be defined by
the exposure interval inasmuch as altitude, neglectiny: air drag,
establishes the perioc and the orbital velccity per second. Let us
assume that 60% end lap for a cone angle of 2¥= 70° along the direction
of motion is required. End lap may then be computed as follows:

O S - ex . linear units of travel per second

_as _ [ex
n . ?"— = radian velocity per second

&Y = product of earth's mass and universal constant of
gravity

P' - QE + I
?. = mean radius of thas earth
He= galtitude of camera station

Now 20 is the number of radians covered by an exposure in tte direction
af motion and normal to the plane of motion.

6-I1-Y
Y- 30
.mx.?:_ﬂ.n_f
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60% and lap is LOF adverce per exposure or .88. Therefore the eXposure P
interval In sidereal seccnds is expressed as .£8.
n

Thus, any spscific end lap is achieved for any altitude and zone
engle combination by simply defining the erposure interval. The equations
for expcsure interval are illustrated in Figure 1.

Figure 1. End lap &s a function of cone angle, H, and orbital welocity




2. 3de Tep. Latersl coversge or sids lzp ia somevhat mors
invcived since’the .camora is in orbit over & rotating object space, The
facters effecting the vhotographic leberel coversge are:

a. Lateral cone angle and altitude.
b, Period of the estsllite sad rotationsl velocity of the earth.
c. Inclination of the satellite ordit to the sarth's squator.

The inclination of the ortit ‘s equal 4o the higheet latitude covered
by any pees. An inclineticn of sers degroas gives rspmsted coverage of
the pame squatorisl belt. 3imce <he moast northern latitude of the aress
of intereet is greater than 750 the rerulting orbit will be near polar,
“ne lateral gein belween wn orbit of 759 and a polar ordit is not signi-
ficazt. Therafers, the recuired period to provide a specific lateral
coverage for a specific cene angle will be baced on an orhit with an
inclination of SG°,

Since the latersl apd longituding) cene angle is fixed st 70° and
the oerth's rotebior  -<te g constant, a specified side lap is depen-
dent culy on sltitude ror i sirewlsr crbit inasmuch as altitude defines
the period, P e 270
The vestward a.dvangé of the ascending node in lengitude rzy be obtained
from ’ &2"!3_':-

‘ RN 1)
and the number of parses per siderecl dey may be obtained from
22260X%X 60
Wore aN+dp

where ¥ is the number of campleted passes anddP is the fractional part
of a pass added to the whole mumber of pesses Lo camplete one sidereal day,

dPe %L,;
k’hmd‘) is the shift in longitude of the ascending node at the end of
oné tideresel day and AN

51d.Deys = e

da

which is the nuaber of sidereal days required for complete coverage when
X divided the desired side lzp is equal to unity. The side lap
corverges 1o 100% at the pole, regardless of the side lap at the equator.

ince the area requiring side lap is above 45O latitude and, since
convergence of the side lar incresses toward the poles, we take as our
criteria 301 side iap at latitude LS®. This gives projected to the
#quater the desired lonzitude shift per dsy.

3




dA = .7(20)sec 45° « 20

wtere g—;- = unity defines the optimua altitude and period. Three
sequential tables from which the optimum orbital data may be interpolated
can then be camputed with these simple formulae. The tables are
restricted to those values surrcunding the optizram velues.
From these tables the fallowing optimum data are astsblished:
H = 180 nautical milee or 207 statute miles

P = 5463.497 seconds

lhmber of sideresl days - 5.3

Exposure interval = 25.8LL seconds
Sids lap at LS° § «3%

5ide lap at Bquator = 0f

Lateral strip coverage = LO15126, 1"
Advance psr expcsure = 1942110,52*

Photo Coverasge 255 x 255 nautical miles

In addition, time will be recorded to within 0,201 second.
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WEATHER CONDITIOHS

A study was made to determine the month best suited for obtain-
ing ARGON photography. 8ix weather charta were produced. The
charts were plotted vsing the mean number of days with a total sky
cover of < 5/10thg, betwsan 1200-1400 hours local stendard time, for
the months of April through September. The charts represent the
monthly statisticel averages of many years' records. The Climatic
Center, Headquarters, Air Weather Service, prepared the charts. They
represent the monthly mummsrizations of the *otal Weather Service
holdings. Although the charts are general planning guides, they are
sufficiently accurate for the parpose of selecting the best avarage
month for ARG photography. These dsta are considered the best
available for the area in question.

The eix weather charts used for this study are attached to the
original report only. Time did not permit the reproduction of
additional copies. It is planned to prepare end disseminste copies
of the charts =t a later date. '

The charts are color coded to reflectl the weather conditions
betwsen the isolines when the cloud cover 18 5/i0ths or leas.

1. Bed indicetss 20 days (60%Z) favorsble photcgraphic weather,

2. Oreen incicates 1k daye (50%) favorsble phctographic weather.

3. Blus indicates 10 days (33%) of favorable photograpric westher.
It has bLeen determined that cloud cover, up to 7/10the or 8/10ths of
the sky over any srea will generally leave sufficient ground detail

wcovered,

A dotailed analysis of the charts clearly indicates that the

month 6 ‘July is tha best month for obtaining the maximm photographic

coverage over the Soviet Uhion and surrounding areas. A statistical
analysis of weather for this month irdicates the mest favorsble randam
distribution of clend cover. The wegther records for other parts of
the world for the month of July indicates a higher rate of cloud-free
days.

The charts also indicate that if we desire to photograph only
the northern ares of the Soviet Union, it would be better to do so
late in April or sarly in May. If photogrsphic cover is desired for
the southern arsz, it would be advissble to s¢lect the month of August
or early September. It is obvious from the charte that the stable,
warm air fronts move fram north to south. The storm track also follows
& similar path.




