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FORE WORD

Th18 Teport presents the rf-u_lu of 2 study cinducted by
9. . Aufenxamp of the Appiyed Mutoemntics Departzont,
L4&'D Research ang bevelopment crpnntzatich. The wirg 13

Yo ing done 1n SuUppOTt of the w:.-'u'n. ProJect under Contract

AP A(ET)eg7,

.:':.':. Mg thé gereral Philosophy that kave evolveq in cone

-

sultations wien people in La5D's :?re,ix;-.-.xr-try ._'l':.enm
SCparizent, Date Control Lepartment, aza Subsystea ¢
Department., ' ' -

The study-1g rart of o continuing effort, apd i‘w_'um‘
- TepOrts will be forthcoming as cx@.z.';cam ‘Progress is made,
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PREFACE

This report 14 pred: c‘ted on tre -.-erromr.cn or' 8l darg Frocesaing vy
e:rr’md-unvd rquipmens, nr.d 1 d’acuau_on ia e or frlirements waton

arys e fron this ns-umlon.

'S«.abcoqmnt '3 the cowpletion of ""3-605h Bt frlor 25 1o foreay e
ase, m-:rr:ruo sdvanteges w--w evu»n’ tn tis areq of 1i=iceg aa:»‘lxt-- :

- tire data pr“n:'-xr.q “< ag o:;occd to. he exclua.v-ly EIround «based ap-roach

“dertaney m the ot.dy. AS ztated on Pue 1-2, ... By 'nd.nc sutuble

- u..J:pto.ﬁnl the cemputer requirecents caa be 8izplifiag couldeuuy' Sver

thome r-sulc.ng from a Qifferant set of assumptions. 1, fact, soms

agpare atly very diffiecult. ‘computer pr-..bl».n:; &Ppr&r o be avolded al:o"s;

en:zn-ly by Arpropriste equipngnt dv-uy..... Sueh = jor gains 8pprar
posaxble by, am0rg other aenas tnmterr!ng Part of the dsu-processt,na '

_ l"ad ©w r-lntxvely m.-.p'e equlpnent ot board roch su?.el’lte.

StISEite tha advan‘aget ) lizited uteulteobome cary procesolne, ine -
':‘-;-r:aucn Scntaired hex'ein 12 useful and vuid in .tc ewn right Leder

JRrTN 833um5tions cade 1n the. study. Tre repcrt 13 publ: shed at this tice

witheyut. rwxaions, so that. 1t eay be nvulahle for Study at the earliest
3ate., ‘rho Study will be ext.-nded and ‘& future Lamp repor: will be

FUlllshed on a tysten cor-przsed of both satellite-Xor:e and grou'xd-hu-d '
a-rr::»"ir.g elemernts,

L
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LMSD-60 34
. WS-WTL ADVANCED SYSTEM . -
g DATA PROCESS!VG FOR SUBSYSTBM G
: ' SECT!O‘NX i DESCRIPTIOV
o L.l wm'muar REMARKS - .
1:‘ - This regore xrv--ugat-: the data«procualng facility r»quire\i for the
' ) . ;.ropc:-J Subsystem G I 3. px'ecillor. t.rac;‘ng-predlctlcn systen. Such a

s.dy u purucuhrly n,,proprtste a8 a logz.al successor tc the investi.
" E ’ ,r.:h dc-srnbc'd ln LD kepurt ¢9.->, W2=117L 1P M_Tr n"fing Prﬁdir'ticr.

‘, . ' ',xf:c'.sx:gj:_;,:g._rr:n An l'e-zar Slansure (Ref. 1). fThat.in irvestigaticn
e - - - RE S et rned with the Lo astr.iuty ol using earth saf.elut.es equip,.

with 1r.’r1n~d detectors for tncd'w IP“‘(: Qurisng their burning p)-

in crder o obuin the burnout cooticns of the nissile wvith suificieny

':;.'-; ’ sccuncy to p-rmr. a reuom::le predzct&on of 1%s free-flight pcth.
ek o8 .
k“ o . The precision .ncking-predicuon systen envisaged consistn of a netvork
.\ T -oof zatellites, each earrying un mfra.red aenrch z:edmnisa u\d several
f'\ L o ~irfrared trackers fer the m.-tect.im and ;*ectsion t.ractiag el ICHM:z,.
" Lo gether with appr..prh‘..- er- w data-procnnim; equi;nont.. The compieted:
}t‘i,f . _ » rotex vill have a- msber of functicns " Three basic ones m as rollom;-
AI(‘ ; o (1) Tetreticn 3{ enemy tallistis missiles by the search
[N

o . (ncqaisiti..n) gear as the aissiles rise above the
,I . : ... lower. atmoszhere. . R S

"{2) Tracaing of each -'usue thus detected during {ts
Lirnirg prase with: tws o= Zore satnllite-vorpe

e © ' infrared tracgers to _cttain precision asgular

- : ' tracking data. '

13l ...la.iun. «f the p:v.ir.i sn and v-lucity of each
e E mi3sile at turnsut a ~rder to predict xts resulting
e R - Uroweflight trajdectory. ‘ .

S 1.1
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FeORTE L5D-6534

A« nuwber of other functions can also be incorporated into the system
depending upon the sophisticaticn desiron For exanmple, it ray be
aeéessary tS follow the pi‘edictcd free<rlight pct.l‘:‘- of each misgile
with lr;raréd trackers in order to detect an éddi_uoml thrust appigeq
arter fnitial burncut has occurred - Such a functicn would. surely
Aco:.:plieat_-e the proposed Systen ‘in general ang the associated computer

fucllity 1n particular, e shall defer temporarily o detalled stugy -
'of this ang other possible. functions of the'zyst?a. S

i fohrxulatioh.’ : I}:@hculdz_ be emphasii@d .thgt. this. 1nvestigation is a
Teasibility study ana that suitable solutions to many _problens await
further study. . B ' '

The computer ruc':lli.ty associated vith such g 'sys'tem must necessarily
be a very high-speed data-processor. The .soph;sticat;on depends to o

and, especially, of the tracking mechanism; the rarticular matheratical
formulation used, etc. "By making Suitable assumptions the computer

& different Set of A.ssumptions. v In fact, some ﬁpparently very diffricult
' ¢erputer problems aprear to be avoided almost entirely by appropriate
-equiment design, , Eore ‘detailed discus._sion_- will follow. This report

emphasi zeg the technigues wvhich offar considerable simplificatiorn in

. the data-processing, and, at the sape tine, are within the general

1.2
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* Fhilosorhy of the infrared Precision @rﬁcking-predié‘tion system. ‘Where

altér:‘:a.tives in procedures have been studieq, the#.r advantages ‘and/or
disedvartages are also Pointed cut. Althouy;, 1n general, the camputer .

facility probably skould not-'leteminev the development of ihe a,-.'te.uite--

torne eq:iprent, any contributicns that might be made 1n thyg vay to . -

“improve the overall system should be carefully considered.

The data-processing facility wil) be evaluated relative to the TEM

" STRETCYH computer to the exlent that this is Fossible in order to give

8 better indication of the magnitude of the problems involved. Scme -

‘system, .se‘a:-ch gear, infl'rared»x;ﬁa'ckers, ete, A ﬁmciionaliﬁlq-ck' diag:-::;

uf 8 'tentative.dats processing system i.s- glven 1n‘VSecticxi 3, and each

- major bléck_ is discussed in detail.” After this -qualitative éiscussion,.

computer (Section 4). The report con_clixdes vith a general discuséion ‘
of the wery (Section 5).. - L '

the proposed computer factlity i3 evalusted 1n terms of the STRETCY

1.2 OFEFATION OF THE FRECISION mcx_zm-mzb_rmorr SYSTEM

‘Consider s helwork of sateJ,lités vith each carrying the above indicated

search ari tracking mechanisms ang capable of ‘cczmunicating through a .
data-lingk system to the data-processing equipment on the ground., The
system 1s 1llustrated in Fig. 1. The mumber Of satellites needed for
satisfactory i::rfoma'nce 1{111' depen3 largely on such factors as the
following: o . C -

s

LOCKHEED AIRCRAST CORPORATION _ SECRET - ] MISSILE SYSTEMS Division
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(1) Altitude and orbits of tne satellites,
(2) Cata-1ink Retwork, including lpqation.ot,readout-stﬁti‘ops.

(3) - umber of trackers per vehicle. .
(4) Average Rumber of trackers to be assigned to a terget.
(s) Krerage time that g given target must be tracied.

(6) Estirateq "maximus" rate of ICEX launchings in the event
of an all-out enemy attack. L .

irzten'ra'l'cqual o the average tracking tioc pcr . rissile, ‘Thi: rate can -

. te.axpected to increase as Russia's capacity develops for prroducing and

launching ni:sile's--esp'ecially'wh na solid Propellant, ICRY beccmes.
‘ovperati'omi.l. - ' o : '

1t would suffics tc bave only enough search 828 in operation to glve
continucus coverage of the region of interest. The 1n’ijaréd .tr;ckers,
vill be 1dle; however, scme technique must be employed to ascertain -

‘whether or not the trackers as vell as the other vehicle-borne units-are

in satisfactory oprrating condition.

1-5
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. Whan a heat source appcars, as 111ustrated ia Fig. 1,

" could direct tvo Or more veiicle-borne tra
'satenitcs tovard the heat. source.

. to the raster ccmputer for’ processing.
-detected _the master canputer calculates
.iso tha.t appropriate derensive measurss can be taken.

 LOCKMEED AIRCRAFT corromaTion SEGREL -

LMSD-60 34

one or uure scarch
vill osserve it and send an alarm thr:m,h the data-linc netwcrx .

to the ground nastep ccnputer. The raster ccn;.ut.er e.na.lyzes the scarch.
data to deteminc wnether a missile has ‘vevn observed. I this is 30, a -
suitabl- action must. be taken.: For exmnple, al

ter certain staging infur.
rmation ‘s ul:tai.l‘ed, and/ur aft.o.r en appropriate tize lapse, the ccz:zpute-

ckers frcm differens observing
' The tracking data octaincd is relayed
When turnout of the missile is .

scunncrs

1-6
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SECTION 2 BasIC ASSUMPTIONS

2.1 PRELIMINARY REMARKS -

Tequirements. In pert, use has been made of assunptions 1n a fortheoming

report, LMSD-2859, First Annual Repo?t: 'Feasibility stua.y -of* & Data

Felay Netvori for the WS-117L Proftect, Subsystem G (Ref. 2). Houever,

the rature of the trecker mechanism has been changed in viev of & con- -

siderable simplirication of the ,data-progéssing.techniques concerned.,
o With reference to the complextty of the overall 'datgf-processixjg_ facility,

- two genersl factors which ghould be kept in mind are as follovs;'

-ab a time, It ’1; difficult to}e‘stimte the maximunm: rafe_ai' ‘whiech the
system would have to Process data on enemy missiles; however, for the

Purposes of this evaluation, the basic assumption is m: je that the
© irfrered Precision tr&cking-prediction system will have to prqcegs

- 2-1
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missiles at 2 rate of per nimzte. This rate would tepresent a
portiou of an all -out attack in vhich, say, 45%) 1CEMs weve suce
cessi‘.xny lauz:chcd at K randg rin“ & l5-zinute ivnteml. .

It is of the utmcst 1nportance that the rate of processing nissiles’ )
e epproxirzately equal to the rate at which t.hcy are lauixched. I1f, for -
cxample, L5) nissiles were launched in 15 minutes, and 1f 1t vook an
" average of four seconds to pracesu 8 glven missile instead of the. tvo
seconds assumed above, at enst, :.O rinutes voul.d be required 0 procgan‘A e
all 450 missiles mererore, scme of the mssiles would alreaay be

dat -link reasibility study vill zenerall; ‘be used 1n this report ‘In
particular, & netvork of 95 sarmlutes will be considercd, with five
infrared. trackeu per sat.elli te, distrituted on selected orbits. The .
crientation or the variaus ordits 1s not critical ror e Present
evaluation. If {¢ is required that trackers follow the predicted !rce- )
rlisht pat.hs of nissncs, the t.uts.l m.aber of trackers needed increases
ccnsidere.bly. The data-link repert reasoned that a- conﬁzuration of 5 . .
' sa.*ellltes would be able to handle o ...issues a‘ an’ average rabu of 3 per -
sinute. This conclusion 18 ‘based 1n- [-X re on the cssu.npticn thit cach

' vehicle-bor'te tracker will be 1n & positicn to vie': two x:issiles 81y 4;1-
t.r.ews‘y. This as'\....ptiun 18 not '-:nde herc tor x'ca.sons given in Par 2.3.

2.2 SATELLITE Re: f‘-‘mmzca SYSTER.

ke infrared px-ectsion tracxing-prndicticn 8ystus cnvisages tracker .
rnch..ri"s vhosgse ;rccision is s uc'l that the anzular accuracy of the cv crall
3rysten 1s te vithin 1.4 x L2 " ra!ians. Such precisicn 1s of 1little val.:e
.J. Less the’ nessyreme n:s ars given wlth_ Teapect to g satellite reference

22
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\
i ‘ .vsysten_vho.se ox-lentetlcn relative to the ground is kaown very Precisely.
L If the attitude of thc' vehicles vere known pcrfcctly, there woula be no
' ptobl-e: Since,. {n practice, this vill not be the case, suze. t.echnique
e vill be required for detﬂminlng cnrefully a- refcrcncc systes: for cach
: satellite.

‘Xt~nt, that eon Puter specifications are imrolved. Onc possihle realf.
~sitien of a2 sntismctory refercnce systen from thn co.'.-put. 2r vie'-lpolni.
- 1is taxen as a .basis for discussion inm tiis-report. .It 13 assuzed that
the satellltes vill crdiwtly be well stabilized althouch some long-
ten drife r.ay be preser.t.. The satellite's positicn 1s ~assuzed known -
vn the ground from Subsystem 3 calculetions. Tvo rererence directions -
“re deter rrined by ass-imlng,tm 8ty tr'n.scre to track a1 fcrhnt knovn
| stars. ‘hese tuo directicns are sutfictent to establish 4 unique coordir.atﬂ
LT systen; hence the angular measuren enents of cach. tracker can be (iven with
) : reference to.these. two directions. If t@ese’ two directions correspond to
' coordinate axes, 2 third axis can be detem:lned by a given cross product
of the two associated unit vectors. While the two star trackers sre

Since the :o*ion ot' the ster trackers relative to the vehicles v.tll )
.l . Protably be somewhat re-tricted, comunication must be meinteined betveen
: " _the ‘satellites and the associated star trackers 8o that any long-term '
drift of the satellites’ orientations can be detected end corrected. It
' ﬁig,ht te’ necessary, in this schexne, to have continucus star tracking

S from the time the Veh:lcle 1s placed in orbit to 1nsure tlxat the reference
. Systen can be xnaj.ntainﬂd at all times since otherwise even a srall

-

2.3
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unknown change in satellite 8ttitude could make the problem of seeking .
out assigned stars ex‘n-mely dirri-éult. " It 18 ~ssumed 1 any evert

. that the resulting argular accuracy of. the overall infrared tracking

. R)
‘8ystem, including any errors in the reference system, i3 1.4 x 10°"

camputer, Decisicns that inightibe easy for a human operstor to make can
. be very aitricult for & computer. . The search gear to be utilized courg

.infrared. Irecision tncking~predictioh System,

Briefly, the ICBM Attsck-Alary System provides for o rotary radial scey

- - Of the regicn limited st .fhe-outer edge by 4 degrees above the horizon _
and 2t the Zpper edge by the locus of points 25 degi-egs from the vertical n

Ep—

2-4
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- the required data,

‘azizuth to be’ observed almost_'simlté.neouply. An engilar accuracy of
8bout 5 by 7 minutes of are (1.5 x 1073 by 2.0 x 1073 radia.i;s) 13 cbtaineq
in azimuth and eiev_ation, respeqtivé‘ly. In addition, the relative 1ntensity

. Of the ‘infrared i_igm]_. 1s observed, In-Ref. 3 it was u':smd that eight -
. ir.tensity lleirels' can be observed. I8 this vay, soue steging inforcation
~ is ouvtained. Knoledge of staging is Perticularly fmportent ir infrared .

trackers are to be placed on targets at eppropriate times Lor o'bmning R

of every 3: ‘seconds. The scan direction on edch sector scan is reversed

- each time the sector s traversed. detection.uni_t is also designeq:

80 that Vnppro:d.m’ately the same signal-tosnoise ratio is obtained for -

.pa.':gets_'qt all ranges, -

It has dlready been assumed that the {nfrareq tracking system has an
overall engular accuracy of Lk x ]:?-h radians, independently of the

techniques useq to obtain such Precision.’ The nature of the tracking
) mechanism hag a t_:'ons:l,derable effect on the cozplexity of the asscciated

ccaputer facility.as 1s shown in the cases.which follew.

2.5
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."": .
.»ll. .
s ,':‘ Two tesically aifferent 'tjrpes of infrared trackers have been considerei
. informaliy so far in coz;nectio_n with ‘;his_ pr'ecis;lcn traczing-predicticn
systen. S o
~~ . o (1) The Tirst {s essentially a gearch-type rechanisy which i
R _ . Scans a very narrov fielsd, Protably on the ordep of 1l/.
degree. <Tnis type of tracker would be capable of
collecting and relaying data on all targ=ts witnin this °
Tield o view. If more than cne target were present, then,
. " presumaniy, 4t would be programmed to foll.y, Zor exarple,
= . _ - the center of mass of the coniiguration. This is essen-
. : : ~ -tdelly'the tracker assuzed in the data-link feasibility'
e ‘ - o report. s . . - ’

S - (2) The seconc type or tracker considered 1s ope with & field
R . ’ of view sizilar to the one above that locks cn a given v
: . heat scurce ard dgnores all other targets. The crientation

<i _ .. Of the trackér would thus determine the lire of sight to-
' * - C | The former tyse of traczer has the edvantage that dsta is recorded on .
RTRIR a1l targets witain g4s field of View which right help to reduce socievhat
v L : - the total number of. trackers needed. If the. field of view were on the
'.-'é‘_._‘, oo " order of 1/4 degree, at 2500 i;iles & right cross-section of the conieal
,w : region under observaticn would have a dfameter of sprroximately 10 miles,
-_'__:-': Thus, depending on the arrangement of Tiring pads and the launchiry
,_‘_‘ pqttérxx, it eppears that two or nore mﬁssiles could easily be observeq
-" _.,'-' by a single tracker, Cn the other hend, vhen multiple targets are Present, -
Q“‘ : ) T a serious difficulty arises if high degree ot @tudation is desired in
; T ‘ . " the ﬂg;;aprocesa:lr.g. (4 similar difficulty arises in connecticn with the
Ny - search system.) Presumabiy,in this tYPe of tracker, there would extst a . -
_,'...;" L ntmhér 'of cells (fox‘ﬁy 1s one number that has been ébnsidered) ‘whi.ch would
:T’ . ' be examined in some crder for the presence of infrared signals, . Briefly,
";:'. the Froblem 1s as Lollous: How is the data obtained cn successivs geang
Y to be associated? In other words; sune technique is récuired i‘cr_prfo-
e ' viding e continuity cf data on each target present. If the muber uf
. _ targets viewed by a given tracker verse relatively szall, & humnn gerqtop
2-6
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cculd probably supply this continuity rather easily by ubserving an
appropriate visual présentation. Ewrrever, g high-gpecd techanizaticn
of this process appears to'bedix"ti.cultvwith respzet to a cc:nputer;
The motion or the satellite in-its orsit, th. contirial nced for
redirecting the trackers, and the gely srfidual se','ia;;cicn Oof the ;
‘missiles in Space wduld all coatricute to the corplexity of the problen,
There vould be no é:uinntee, for exa:ple,' that two ::i_.ssi'leé would re.
zain 1»n4 the field or uév of a €iven otserving tracker. ALY difference
. 4n launching times 'uone_ vould bring about ap increasirg separation
because of the aci_:el_@entiqns iavolved. - ‘ ' ‘

Esientiali&, a computer v‘ouid_ have to assaciate on the tasis of some .

' cr.itex%ion of “elosencss” the lirections to g glven tar =t .that ;rex-e
- determined on succ_evss,i‘ve 1ooks of a »trpéker. This cl- . ness is ‘Sonevhat
'd:_lfﬁcult to define for computer mechanization, - Cae p ss.l.biu’ty' is that

‘the same target. This sssumptior will be generally the case at the

_ tracker data rate assumed, (The argurent does not extend to the assuzed
. search g°er because of the much lover :mf“i-ate.)‘ -In.fact,.'ih;s Ercbles
.18 simplified as the dats rate increases. . At 1 locks per secena, vhich

re'l#tivg lmc.)'tion of ‘the observer and ta_.rge_tm Therefcre, checks x:t'x:s.t.be
zade on how to ﬁ;sogiatg' the data ::ily vhen a target kas moved into a
diffarent cell.’ Presuzably, a pew target would be €88y t0 recognize,

LCSkmeen Ailcusr CORPORATION ~SECRET » MISSILE SYSTEMS Division




‘under Observatgon by a given tracker sweeps across. the field or view,

there &re other probléas. ' "'nz_e date taken wouldbe. sent auta-;.atically , '.

&Frreciable error (i.e,, the overa]) angular 8ccuracy 1s ¢o vithin tke
assuzed 1.4 x 5% radians), g4 8iifices to relay only the Tagnitudes
ST the two angles between the 1ine on sight to the target and the tyg

T2lerence directicns Plus an in_.:uc-._tticn of the target'g locatic_n_ relative

- %0 the pia.r.e of tha orbit. This ir.fcz':ativon,‘ a-ssuming the Satelliserg
* Fosition 1s knoum, deter::ines_ e tnisue line o Sight in SPace,

-
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&round. If thyg 44 Teasible, the trackers as vell as the search gear cap
Frovide staging 1nformats, . : : :

data 1; recorded 6n n &iven 'tu'-get. - The size of the high-gpeed storage

arc. The 144 lcoks per seconds 'at'.theb infrared trackers is also baseq on
b8 T-nicrosecony Pulse. on the ground the data received is deceded op -

2.9
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2.5 THE DATA-LINK NETwoRg

Viewpoint of the Present study are as follows: The ,data.-iixik network .
Studted calls for one or twoground Feadout -.tations gp & northern
location. The date recelved at the readout staticns 1, relayed irme.
distely to the master camputer, - ' ’

- Station acts ar o relay for date from, -ana commands to, a set or -
8pproxizately ssyen Other s@teuiteé. Each satellite 15 equipped to _ o
act either ag o relay cr as gp obseirver. The rationale is that about - ’
ORE-CLENnS a1l the satellites g, 4 8iven hemisphere] whose mle 15 o

&round station.'throush‘ its own resdout veh_'icle. . The Vvarious satellites = .
are prograrmed to become Part of the networg or to be recoved from the - '

restricted -Coverage in elevation,’ ‘The readout vehicle 8130 serves gs an
Observer, Cormands . for the activation, ard ductiiat.ion of a satgllite

is wvithip range. of the éround - station and storea for subsequent uge The -
20 -
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a. xier'ul ‘tem.ssu;x iong -

© b. Satellite Configuraticn , .
e , (1) 96 sateriites are distributed 1n aprropriate orbits
- " . _ o at an altituge of 1000 oiles.

(2) One search scanner and five infrared trackers are on
each vehicle, g . . )

K | oo Setellise Reference Systen
i () e reference ayg,

. T (2) mmu:is for the Positioning of star trackers ‘originate
il ‘onthesround._ ' ‘
’ h (3) There is a Provision for tha csri-ecti'on of any ‘long-term
- drift of each setellite's orientation, ' :
d. Search Gear _ ' ' .
(1) A rotary-type scanner is provided which sweeps out that
: Teglon telow the vehicle Iimited.by & degrees .above the
- . horizom. ' . o
"{2) The angular scanning rate 15 12 degrees per Second .
(3) a Frovision is made for sector scan on commang;

LOCKHEED AIRCRAFT Comoramch SECRET L MISSILE SYSTEMS DvIsiON



(k) 7ne angular accuracy i 2 ®Y 7 ninutes of arc.
(1.5 x 10-3 by 2.0 x 10-3 radians), :
(5) Pignt infrared intensity levels can be detecteq.

' oviding a 8ynchronization
Pulse with TeSpect to which the data received on the -
ground is decogeq. v A

e. &,&é@r_s@-ﬂ‘m N
(1) 7The trackers are basically the lock-on type.
(2) " There are five trackers per satellite, (This number
- ¥111 be increased, i Possible,) . R

(L) Tne engular. accuracy of the overaly System (including s
, the reference systen) 1s 1.4 x 15-# radians, - . .

s

2-12
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SECTION 3 FUNCTIONAL BLOCK DI£GRE
OF DATA-PROCESsING FACILITY

In addition to the mADY assumptions made ccncéinin'g the nature of the
search ang tracking mechani sxmg, data-link network, ete., 1t will also -

These procedures w11y affect the general organization of the computer .
. Manyx:roblm in this area need to o

Processed op the &round in orger to complete this intended evaluation.

“be studied tl;oroughly vith reference to the hmctioning of the entire

With ;érerénce to the ‘s@écond préBl?em,- 1t 1s assumeqd 4p Ref. 1 that
trackers wuld pe assigned to targets rela.tivély late in"the. burning

LR NP T .
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-1n ordep to o'renr.ize'betteé_ the rany ’:‘a:tauvv'azch occur fn the

turnsut, It ig izportant to fird ér:ect'ive Frovedureyg which ape’ atiriceive
froem the computep’y Vievpoint. "There Vi1l also e ’lbgi,pt;_gs" Frobleng
in the assignzent of trackors, 0w does tpe cCputer hagdle then? ,

32 A PROPOSED FuzcTon, 1 BLLZK DIAGPi

tata.

proéeas_:lng, they w11l te Telated to tne functiong) blo'c'x_haa‘a.: in 71, 2.
This Block diegran o5 formulateq BEY not pe Srplicable to 533 data. o
ﬁbces#ing. pz'-ocedt‘ires; ' j.fﬁ dcgs apply, h..VWet, t thise deécrib‘cd ir thes
report; 'Fix;-st, a"hri‘er description is given for each =aJor block in thé
Taster cozputer. 44.pe thorough anu1ys:g Tollows, ‘

Zhe ';_e'cgex_- is essénthlly & sorting

nuzter of functiong “alch are la‘r—_*:nfl:._' .
8uperrisory ,in_nat.z_xre. _ﬁ-‘.xa.?;ples are as Tollzus, The M.¢ will =oRitar

~ the iafrareq 8igna) Strergth dats rela:red‘i:-y the searok and traceiry

&%ar to look for Staging ln.’o'rzatien, SSpecially turniue, The M.¢ ".".-::ifi‘:-:v
wken trackers should te 258ighed 15 tarsets amg s, RUMLIes the tpanpas
assign:ent computer, It w1) te tra r-:s;c:§£~hilit;(~ L tha M t».;"uuz--.-s'

‘LocxHEED AIRCRAFT CORPORATION SECREL C T MISSILE SYSTEMS Drvrsice .
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the M-c orders the. 'ziatibn from the temporary storage,

- The tracker' essignment cezruter ( TAC) has the. 're;sponsibitlity rqr muaking
utisracto;y_tncker'nsimts. Its camplextty wily depend upon the

degree of @utomgfion
considered later in -
pariicular 1nter'eat_’,'

(3) The Iredic
rediate Po

Tlicht patks to. getect

desiraq, Three Possidble realizat'igns of a TAC are
the report. orthesefhreethglastfvcareor

be zade by the T¢ would be a functivn cr."t‘he éopizis-. -

the overal) System; however, scme 'basic Ones. vpizld be .

ted fnpect Point, as wel] as certain intep.
ints on the trajectory. : o



SEGRER-  umaon

© 3.3 oz “ONTTOR-COtPUTER (u-c)”
_ v Egch of the major olucks with the excg:tion of the decoder aad the
. gatelli_te-earth reference system cd:’puter Vill’be discussed now in
. detat], The decoder 15 .essentially o 8orting device ang vrequir'esv no
o special ‘attention at this tine. - The. satellite-earty reference l;ystem.
ccaputer could be 5 Part of ‘either Subsysten § o the master computer.

to te mechanizeq ( partibululy 80 if a scan rate 23 lov as the"present_ly”

: 'd.siltz:ed."lz»des:reea Per second is used). A human Operstor watching an
fuppropriate. ﬁre_sentlation unit would e capable cf mumg rapld and accurate
'decisiqns 1f the total mumber of fargets '-rere".relati'fely smell; hovever,
this &ssiciation probienm i3 mch more dirticglt Tor a'éc_:mmter to handle,

' v ) Since a mw.ber of Satellites may be obsgrving the same missile, an o ‘

P : . ' ap;irogi:;aie triangulation 15 Possible frem the search dat#, and this fract

S o may te of intereSt to the M-é. " There sxist necessary cinditions that the

>3
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Search data on cacp missile mst eatisry yngey V11 help to Provide tn
nceded continuity .r €ata on g etren target, (d?::s develomment ig enly o
Partielly édmpleted and has not teen included 1p this report.) 1¢ appears
that o ‘satisx'actory Procedure f-p 'ﬁmitifyinz; end analyzing the 2bove )
scarch data caq 1o developed. This problem mey ge 8135117164 by an nppro.
Priate desigy of th2 gearch nechang s, The intelligence obtaines frozi the .
1n1‘_raréd signal ixitensity will alsn belp in discrs: nafing betwern ‘nissiles.
and, say, cloud Teturns or nogga, .

The M-C must _de,te'mine- without delsy .. ey a‘ given bgdt séurce urder
observation Could be & missile, sipq. -n ICHY Such as the Atlas has only
8bout 3-1/2 mimutes of 144 Powered puse above the ctrosphere, it 1s clear
' that o rapid decistion is necessary, Action shouls orobably be taier after
only & few looks :r_i:m a given search gcanner. 'Generaliy, & mumber cr -
-di:.rterent obéer\ring satellites will have »édntﬁ&ted iaform:ticn on the
target 'coxicerned in this time izterml. 1¢ 44 1z determineg that & risaige
Ray be present, the action taken will depend Upon the procedures devgiopéd '
for the data-projcessing. ‘The systam should be t.le:'uvble enough to permgt.
changes gg ‘1% beccues Operations? iny intelligerme cbtained 'trgn the - ‘
8ystem on enemy missqle teste bué!; ‘ez eha.racte,riati'cs of the powereg flight,
for 1ri§tq.nce, ten be used to improye the functionsng o the data-pr¢:£ssing
factlity, o ‘ L

"Two alternstive date-processing Frocedures were nenticned eariigr'ih '
P&r. 3.1' - : ',. ] .
I.  Trackers gre assigned to t‘ax‘-gats-‘re'latively iate in the

selected). Since burn=zue tizes cannot - Fradicted ascurately
it would be Prudent ¢ &3sure that the everage tra.ckin_g tize



» . tizme only a sirgle tracker need rollév.the r.i.salli- te
~ burnout, ( This procedure Eay not be effictive 1 ore
Sophisticateqg hunchmg techniques are dcvelope:‘.,)_

The fathematyon) fé:_r.:ulaucn of _t.echni'q-.;es_'ham or. FrOCedure 1 B
SPPENPE i P, 1 rd a detaglog :.’,étt;ttc:l snalysis 13 alsy rven,
" Curresponding farmulation fap 1z, altacugh gt can readtly (o o
cﬁt‘:lmd4 ifrm: évr: , fas n.¢ bm.n _spoc_i'ﬂ_cal_.ly rj.:r.-::h:ed. 'Tﬁh;’\;.‘;i
' the latter Procedure algo te upplicahle same r.lexibintyi_is_at'rcred ‘
ver b fe;i-.:c-:-, nrad 1t night ve deieli;pea in such 1 vay a4 to reﬁueg

The procedupe that i eveutupily used w;ul be determined by the reu
i;uircne_n.ta Placed on the Systen as it becores opentiénﬂ:. A bel;tijvely
Fecent sugcestion cails rop the launching of a.-.'ziazsszxc'uasxle.';'rm ‘

" &idsile ag 800L as they vere detected and to use the date received to
=ake a number of successive 8rproxizations to thézzj '-l‘-anis'uc: Fetks, %o

»x:a.jor'c!ungé 1is required in t_he bSlock dias:-a.-;- 6f Fig.' 2 te ateguns t':.-"

‘the éﬁdiuohai Tunction, Probatiy a darger mumber or infrared traccers .
and an expandes ‘coaputer Tacility viula pe needed, hovever,

Since the mathematics for procedure T has beeq developed, that przcesure |
together with the suggesticn gn the next ‘i:aragra;a, SI=arized undar o
| Frocedure I71 below, will be used as the basis for tne .L;tg-;?éégssizg

=odel in this report.




o

« primary Fesponeidility of the M-C 18 to deterzine whep infrared trackers
Cehoild pe 4#8LTed to targees, ALy 1ol rratien Fecetved from the scarch
equiment relative to vhon the =issile vas firge observed, and/or to

| sEélble st:_,-;in-:, vill bc vSscniial ty thys mwn.imilm.

3;;';&‘“ thie leC in~'t.hll Mhaction

it

0 rucker to. cach heat Scurce fras

In Lrder o
1o s tested that on, MeC hut;n_'- ' ‘
an noservir vehicle dg 800N ny 1% hag

teon deter=tipn.g ‘that. a nissfle T8y be und. p obl_c'nauc_n-. Preceaype 1
18 e folluinng Leacral plag fop 48%8-processing assined a8 & Zodel gop”

Lo WLER the 1er bag 4eeruned fren the seapen data thap

a nlissiie ray b Stder ;bserraucn. 3 tracker is.

228igned to the target from

‘ene of the cheMng )

1teilites,  a4dg ticral trackers are assigred gt

83 appropriste tine 88 in pocedure 1 4

| ihen the TAC Rotiffes the M-C that ® single tracker has deen directes 1o _

ened 13 the respciazbiuty.c-t the TaL;

he indicated target, o check must e made by the yog to asccrtals ag

vell ap po,is:ble VHiether the tracker is lcé?ed °n the correct targee.
IT 1t 4g RCt, the MaC rust advige the Tac dccorclagly. An kd'l'a.,'r.’-age of -

_s-.-a.-rh'g;ér rc;:‘:r:'s‘to the &iund, the line of s:‘eh.‘.'u‘:lmica:ed ca.:: e
Znpares SFProxi=ateiy VItR the lire or $1ght detormineg ty the ~bfervin~

:n:xzrjtovue 'vt-.ei.‘er'- they s;mr'to ln‘.eneca. -Such 'a Froceiure wIuld
8.2 help to Frovide the eontinztey. e Scareh informaricn relative v~ o

e

"



(2

'S this iaformation the .‘-:-C'runs through the follmdn_g steps

taken  Mpre trackers may he Leeded, for exazple, or .

the given traciers Zay need to be Feassigred, . S

Subsysten u information is processed to gbtain

satellite Fositicnay calculaticas fop the venicles

concerned and the transformsting Eatrices ‘

the satellites' Teference systems and that used o
ground at a rate equal to the infrared traceing -

Cals rate, ,{’I,hgse'a).cul.atzom say Ve already beepn .

. Anitinted dge 1o 4 Frevious tracker. Rssigment.) .
- {3)
. Tederved tervt_he inconing Subsysten g and 1afraped

y2y APRTCPTiate block .of the teaporary Storage 1g
traciing data and the coocrdinate transformation -

The M.zvg :on—i-tcrir.g €l the inf‘ru-ed ‘8ignal strength data <o detéct

stagirg wi1] bte an a;‘.dit_icml che_c_k on the 8ccuracy of the tx;acker
guie::-.e:n, since $laging would riost likely nct ocecur s-x.—.-.zltaneou-sly

—
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are ava: lazle

for two ‘zissiles,
assigrments,

The rissile burnoyt
.Ordimny,

coz=on ::.133119 vhich indicate

Theres

874 1n subsequent calculations

-&:bsemtiogi req:

traciker piqop to

Whan bz_zrm}-ut of s

nee the infrared trackers pay be

ore,. the same Sucsysten, ¥ pe

;_ére than ono

ired from o &lven tracker fo

burnout, since trackers wi) ge
8 glves targer for nore the !

ziwssile. is detegte

iata, the Subsystes Esateligte ‘Pesitional da

- Tirmaticn Satlrices ‘4880ciated

2530 tke tratectery echputer.

Lor rcass_ig;-.xent,

d by the w.C, thne infrar

trac
fults,

t&, -and thc-c::

i5511e are Crdered

amd rotiffes Sutsystem R tea:

7irg different

ed tracki_ng .
rdizate trang.

Irum tre %

Certain trackers

e rrecise



b

) Positicnal data is ro longer needed on the satellites involveq, Provided
- ‘ 81l other trackers on cach satellite are also saie, Sinilarly, the
] ‘ coordinate tmsromtion_mtrices Eay no longer be needed,

i 3.3 'mmqmvnssxdmmcamm(m)
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i . ' "sources wben so d.tzecteq'by'thg M-C. 1Its édxplexity vith respect to.
: ‘ computer requirementg vill depend rely upon the degree of autawtion.

I _' |  desireq. Three Possible réaliutions are given in this section for dis. .

© cussian Purposes:. . ‘ )

A. A visual Fresentation of the searsn data (basically they

-+ ysten descrited in ey, 3) in whien huran-operators assign -
SR ) - trackers to targets according to Andicationg vieved on a .

e . tm.-d.tm&siona.l,. ground-stabilizeq- display. 4 relatively
. small associated computer would te needed in thig ‘case,
B. A completely automatc TAC vhich assigns tracgers cn
. request from the M-C, o

C. A three. ensiom scale zodel ,cresehiaticn with o visual;y‘ .

LOCKHEED AIRCRART CORPORATION SEGRET. - . MISSE SYSTERS DvIsion
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complete sutomation, - The third systeu.vpt‘_{erq & nuzber of. advantaces
An reducing the camplexity of the SCmputer facility; hovever, . hizap

. the rate at Vhich misgiles vere launched was pot la_i-ge, for exa=ple, five
0 ten missiles Per-minute. In thye Presentation the targets wenia be

- meats on the basls of this inforzation. fpe rezainder. Of ‘the data -
. processing‘md'hefc'onpletely autcoatie, - - '

as Fany as 120 rissijes could be 4p the povered piase 8t a given tize, _
'!.'ence, 2s mﬂj as 125 indications s targets ¢ould be on a disx;lay et a
. E1ven tize during pp al-out attack (ang y¢ 18 possible for all of theq, -
- i-rﬁimticns to appear on & sinzle éisplay éhould cach vehicie kRave 1:g -
own 'displgy unit), . 1¢ would te Lecessary to 83s1ign trackers at &

LOCKHEED AmCRARt COmPoRATION SEGRET O aaissns SYSTEMS Drvision
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average rate of one to two Per second in this case, . Theso'con.s;[dcmtioné
together with other couplications. arising _ut ¢ the mresence o Lony
nissiles at one tizme Support the ccntention that 8 more sophisticated

five trackers 8 & given satellite ang that .- this Farticular vehtcle 1s .
observing a number briuasi;_ei of which, 33y, 8ix must be assigned trackers
imedtutely. ¢ does hot appear ULLLcult to comand the vehtore 0 assign
_one tracker to each of five Of the six targets. Hovever, the syxtn =issile

18 the ore i questian. The problem 18 not trivial, especially ir 4 hu_:iber '
of targets are in the see general ares. ' : - coe

glven tracker to a given target using the search information, Es‘senti&liy, :
this means d,irec.ting. the tracker along the last line or 'sight to the 4 _
target izdicateq by the gearch gear. . Some refinement is necessgry, however,

S 3-13 , , . o
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85 the seareh inforrsion ms
1nvestigeticn menticned ear
datatoratareet to te an
this "’ p-.rr.icnlur proble::.

SEeREL- LED-G) .-

Eay be Several seconds old. It cay be that the
lier (in Par, 3. 3) of conditions ¢n the search.
ICEM will yield results ‘which can be eapplied t.c

neans th‘t Suolynea H \dn kave <o “upply
rrinfr the crbtts ol possib: c.servinc vcmcles.

: p_x‘es’_.::biy' tlreldy have been prom::a.-d, vith relerensze to t.he ccnstantly

chacsizs satellite m.bnet-ro
sélectiﬂ.g ‘iafrareq tnckers

rk ¢onncunuc A pouible Frocedure for
\muld be eizply to use tracsers on those

'. sat.elu..es clos-st to the: uarget. These sat.euites would te indzcated

_ ronyz.u ty an m.matlon ©

‘varicus '.bsemng vehieles,

~ hovever, as Frotlems {n tie
- Baturation is- ADProached,
to determine the nm-ber ‘of

L the eleva“an angles of :he targets at the -

assignment of tncvrs will arise as Systen
A eareful mlysis of the s:.tut.on is tesded
trackers requircd. If the eupply of trackers

vers r-afﬁcienf., Eany ©f the ebove .mble’qs would dbe essentially golved
in thge. . trackers could be usim'ignedut_ely tao targets o3 they come -

calls for s three-di:aensio*sl. Scaled, satellite-eu'th ccr..zgmtion which

- slmxhws in real ti:m the
| Predicilen’ fne lir:cs s e

Are irdiecatag by beu.-s oT 1

c’csemtions zade. oy the infrar trackm:-
1Cht betm.y r-«.tclutv 'S and c.xc-m.d targ: TS

1cht.

© 3.1k

“SECREF~ - Qfs:umowms

This procedure.qs probabl,f an mr:inpli_ti;‘a’tic:;, .

AT



N

&8d her ‘satelnste

| LSD-5034

distance avay, Dearly a henupher.tea; surface Would be needeq in thig

" A mmber of perators

" would ‘be needed, €ach watching g Freselected Tegion. ‘Pei;hapa zorg_fhp.n one

3-15
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‘ ech observer at least two vieus of
 vide more Camplete close-up infor.

mation. Each operator wouig also have tefore hiy & renel indicating which
satellites vere in a Position to 8can his assigned regicn and_ whethgr cach -

_8olution. to this difficulty,

tdle or busy, Since a given' vehicle wopid probsbly

- A:Plausible Procedure to be ﬁied in Operating the above System 1in event

of an atteck is. the fo_ilgwi-ng:'
18 picked up vy se‘a.z’-ch'acanner_.s,

_one of the. obuerving' vehicles. an I1CEH

| surface of the model, end burnout vould fn

' reasonably uncomplicated. If a given hogs source vere g cloud, this fact

t‘zf&cke: world be Teleased. If the 'he;t'

an indication: would be given

| OF more trackers would then be assignea

‘ . greater f“.ezdbility the

light. bean woula be & steady be

mcter assigned

prohabij co’mi’st. of short flashes, It s

to p;ck out .'1md.1.ately

3-16

-the Operator, and ‘the aés_igned: .

source were, in fact, a missile,

10 the OPerator at a predetermt

to the target by the
shou.'u; be -variable._

am, while the search indfcaty,

ned time, - P
operatm- For
The,tracking:

ons would -

hould not pe dir.':lcuit, however,

other satellites observing a given target 1n crger.




\'

It 15 believed that the proposed or o s1nflar threé-dimensiéngl visuy)

prcscntation' voula

‘ existing for o 'cozplétely-autbmtic:mc.' In the event tpgt an autcrmatie

leaves the TS, wiyy depend upon ‘the datn-ﬁchssing p:-ccedure rinauy

The eize of the T3 1s, again, o function o

vhich tize the it-c “ould. order that the &pprop; 1ate data pe sent to the
tm,iecmrygcmpéter. IR : . ST o




ﬁeﬁ* : : D59 3h

The 'canpu-tgticn( to be mage by the ¢ Wi‘ll_-de;';exﬂ. uﬁon~thé 2unctions |

- required of the Overall ,lystiez;..ﬁcicever, they woulgq prbhably; inciude

-Some or alj o the fallowing,

(1) 'Sueceuiv'e.po,s:l,tions‘or *ach misg{le durins the
hlrn.tng Phase, * ’ '

ST

(2) 7he 8200thin - of the above infrareq data on each - .
Eissile to obtain the burnout Position ang velocity,

‘, {3) I‘Ietemin,a.tilon of the plane of the Tree-rlight Fath,
() Prediction of the impact-posnt 8nd any desireg points
: . h L jecto :

(5) .Predietiqn of the location of the launchihg Pads,
(6) The Frogramming Becessary in order for infrared’

(D Estintion Of the effects of applying additiona)
‘thrust. . S : .

(8) Cocrdinate trﬁngromztions wheneverineeded.

3-18
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or the target's po'_oi'tzgn 18 requizeq, Cne ‘cholce 19 to taice ay an

{R) = : ], . . : 1)

CF ® § () o w
. ‘An‘ .

m-§ (),




833 the Subsysten H satellsse trackers, respectively, transformed to the
‘8aze’thertiay CooTdisAte syutes. ‘The' elements or1z.) ant (R)) vould.pe -
the equivalent of, say, bounded Tive decimg)} digit numbers. ‘The value

°f B w>uld probably be varianie 1n the operatioral system for Seater.

© flexivtiyey, Trom the stantpotnt of the mmber o calculations fnvolved, .
1t 18 desiradle 0 keep ¥ small, oij. T cr three; Eovever, 1t has been
SBowe in Ref, 3 r.h.ztae estinate of the 'urq:e‘s'mutioh 15proves )

_ co:iszder't,bly with X, on' the Other hand, the nucber or traciers available

, 1nrra.reeotumzxcm1 daza (the ¢lements of ('za.) ), since this data is’
taken 1n tre satellite's reference. fraze. The Subsysten ¥ tracking data
(r.he_.e'lgze'z.tt of‘(a"_.) ) could prcbcbly &rTive at the zaster co_ﬁmtez* in - '
the desired forn, 4,e., &ven vith respect to the inertial reference,
'n)".lteauoed'.., o L )

Eay not be detemne'di until aftepr &xrx:;ut“»oéc_urs. Cace q'lui_t,ablq:
j:bly::a:.tal Bas been fi2tes to the data, the estimateg or turnout Position
and velecity are foumg by evaluating tre Polyncmial ard its derivative

tm;um'mmm o “-ECRE% . mmpm



.nttheﬁ:'x*ncut A

asi’

. vhere

tize. Thege estizates Ire Elven respectively ty
(Y (1) ) a (4) P w1y (2)
... "o 'v y . : L
Ml B
(Y (7 w cemm - (A) P 3.1), 3)
SRRE ;’_: (a) B, (1.1 (s

the usaile Eoves ia such a phne for the latter pbrtion 6! iss ;mrered :
Frase), - then as wvas shovn in Rer. 1, the use of the positions ala:;g the -
pawered portion of the mght, ottaineq rm equatien (1), give sxe better _



The leﬁt-lyme' ntimu_l of the Parazetery 5 ard bovere derived {n
. Pefi 1 and are Tespectively: ' - :

3-22



‘ At this remcte statioq o *Zaller special purpose Computer, probably ag
P h analcg device, woulq SUpply the Fecessary extrapolation of the free.
' S flight path £op defensiy action. Since o muzber of Cutlylng statiopg
N B " would dikely pe avallable, the CCBP.ting load at 2y given one shoura

- B9t be excessive,

In this roport gortagy ecuations of =otion they bave alresay Sée?:','prba-.‘

. grameed fopr a0 existing Computer v111 be uim s g '.buu_ror evalustion,
These equations 4o rot give, gt Fresess; }r.‘!-.e' Precision tiat wygy be -
Tequired 13 the OPerational systenm; kovever, ‘they suffice for_ obtatning.
the etti:iaté_ of the numbep of calculations Beeded in pyp. Yk, E '

. Other hand, 1r anti-missile zissiles are ‘o be launchey before burncut occurs
- trackers would have to be assigned_as es;-l:r 8% possidle £o» sat:lstactory

' opersation, Fence, 1itt1. additiona] cg=plexity would te introduceg i1 thig
Y - euse.,

Caléu,lstion of the effects of 8PPlying additionsy thrust after burncyt. should
not present any serious Problems teyced thoge already 1=p1seq by the pro..
- gracming or'the“infra.re'd t'i‘ackei-s and thg"'cénsidei-gble incresse 15 the octber
- of trackers needed . - ’ c . ‘

3-23 -
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°= the iatellites
A .. - o8 the groung,
Cmputing, 3 satrix or

2:%e these

‘as has. alréady Teen men.

? magter cCEpiter aling with the

e aiZce the st~rg

B
i
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. many assuiptions Previously tade,

SECTION 4 QUANTITATIVE EVALUATION
. OF THE COMPUTER FAci oot |

_ this secucxi in a - nure quntatativg form, Sueh'qu"elubx;ru' ,the*'siz'e -
of the kigh-speed. Eenory, - the estizated tota) Eumber of coputations
‘involvea, the d.stn-jn--oceni-_ngf rate, etc. will be exanined utder the

'pongnt rfeat-.uru. of STRETCH relative to this study have Leen t‘!kenb .
" from a Faper by 5. « Dunwvell en_titlgd "Design Gb}ecuves_ tor the 1M
m-meﬁr," (Ret. b) to whien the reader 15 Teferred for aagi. -
- tlonal informatien, 14 18 emphusized that tne mmbers and other charac. -
teristics €lven regarding STIEETCH are design objectives ani that some

- charges m,rbe expected in the opentiona_l.~s_‘ystem. A zore complete
| evaluation of 344 arplicability 4o the infrareq tracking-;redicticy
- System will be possibie vhen the appropriate inforration 1s réleased

b
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In the .dau--link_ netvorz assumed for this evalustion a synchronizstion

pulse Focvided by the vehiele cloeck is sent every 7 x:_ill_iaeco_nd_s, and

.the Zata 13 decoded cn the ground on. the

.relative to thi.lAml.le_.' Usiu'_mi_s-atmtc' an cutiine ofa e

tasis of 1ts tize of arryye

} po's_ufcle Lessage 'str.:cture, 'sinuu- o one given in the d.at-iounk o
study, can be zade. Ina 7':111;~seeoaq inte{‘\r‘al the assumeéd search

. equipmers would traverse § ainutes of arc, that

s, the. angular iiccui-acx

. in azimien, D&xfxng *hes tize each of the 27 acquzazticn detectors _
" 1s Basplea and the TAgRitude of any signal 1s noted . Also within this

| Three hizary atgits suIfice to indicate any one of elght istemsity jevels

. for eech of the 27 detectors 1n the Search gear. Two 15-d1gis Tutbers
(5 acet=al a1gie, ®ack) indlcate the anglés between tBe lize of sight

Ao the target and the tws rections.deterzined by the star trackers.

| Another Q1git glves the. generat orleatation of each trecker wity respect

 to the plare or the Satellite's ortit. Three asgies §ive the infrareq -

signal 3'1-1_‘.emh, ébaéﬁ:d'_hy each tracker

. &rhaps four d.‘.ata are

Reeded for indiéating tte curremt ‘Oferating 3tatus, and snother s1x - _
- are used for msagered'::dancy a3 suggested by the data-ling feasibility.,
TEPOTC.  This glves & total of 265 binary BLts that 1t =ight be necessary
-to tia:szit during each 7 =illisecond interval for each otservin: vl ele

- 42
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- forretion data arriving at the dister computer, Each satelnsce Fost tdoral
** -calculation would involve 3'-t1\'we-decin1 digit risibers. dx";_a,tot.a;l. of &5 "7 - -

It 18 clear then that o higay efftcsent. date-bandling facility g,

‘Tequired. fThe decoder andq ™Caitor-computer are responsisle -tor,f.he. o
majority of this \data-handung. ‘The de‘cod_er vill recognize the varioys

- parts of each Eessage, searcy data, tracking data, eth;;la'ent.,opergﬁon

b3
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Cole '.‘.. o trackers Trom 29
3 s satellites were 1n pen (o
0 1 the . " " use (tracking, say, 5
_ o fritery d‘t} rate vere 1. looks per seccnd, “the ot fargets), an
5 - (576 5; b appoxizately i x 16y, (199) (32) » oy it
hﬁ?e to be stored. Tmis .- ¢ of da;ta'c:n(:es) + (20) (144)]
- ~oURE of data can be stored by

.

. ’ u
S | Facity or‘e.n.y machine Fresently in Operation.
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bk ESTIMATE OF THE HMBZBOP COMPUTATIONs

‘Wit'h reference 4o the o the mumber of _1&1&&@“%&0& r§gui;éd o
owill depena #trongly upen what functions are pertbmed and on the rro- -

(2) De%ermining the mrerous Position points along the
Povered portion of the flight, :




sterer . © -LMSD-603k

' (%) ‘Determining the Plane of the missile's free-flight path.

(5) computing the impact point .and, perhaps, a few points -
o - on the ballistic trajectory. . .

follow the free-£1ight peth; or for cmputing the effects of an additional
period. of thrust. With respect to Percentage, the first andthird of

' ‘these tasks vould aga Httle to the mumber-or Tuupatetions needed. The .

sgcond'mﬂction‘.hai not been atudied.ff,rgin this 'poi,nt of view, . -

" Pm Degree of the é.ppr ximating polyncmiaj to be fitted: i
’ ‘€0 the above data points : :

Function " Number of additions Number of mitipl.l.catibns 4

o 2y . 12 1
@ @¥esyn 0 (18 ¥ + 48)
(€)— 6Mp .. 6Mp
e s B
(5 . 850K - 0 o
Total (370 + 6p + 22) M4 850 ¢ - (lSN»-Gp‘-&-'GS‘)-M-l-BGOK
b7
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4

_If, for example, § = 3, P=3 M= 575, ang K= 20, approximetely
T4, 000 edditions ang 808, 000 multiplications are Tequired, 71t ig

70 4perce.nt of the additions and of the Subtractions 1n the Previous
. example are yseq in the determination of the 5750 Positions. along the

' A\:iﬁere'.R,'is.t'he infrared irgeoker datg ratéfaqdi"i}s_ the tize trackea . -
(from Rer. 1), Taus, "1 the data rate were divides by b and P vere
» ORly & factor.of o would -

target much more difficult. 14 is Eppqreht that sui,ﬁabie cone ot se
'._Hillhavétoﬁe;mg. o Co o

. -8 . .
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4.5 DESIGN oBIECTIVES oF THE STRETCH COMPUTER
The STRETCH is a very versatile gengralanirposé computer vhose estimateq

" Operating speed on tmcal technical apyucat’icn_s wil], be on the. -order
of 100 times that of the Tastest general_mrpogg camputer now 1n use. -

- The system wil] consist of two m';.j-or'cc;nputer sections, both .cin.n-n&niv.caﬁing B

with cne ,m'ixlt.i-sectional mémory. The two computer ée&.ions. are an input. ‘
output section to maintain communication with the various input-outpyt unite
and 2 Migh-speed arirhmetic uni+, B IR

K The input-outpys secﬁiqn wi_l],_:inc_inde such devices as the-tollpwins:- a

' ‘magnetic aisk memory of cne million words cepacity capable of commn{cating

with the canpuf'er at & rate of ane word egcl;.h microset_:onds; high-spee‘d-:

magnetic tgxpe‘units;' Paper tapes, ete. 'I‘he system will be éapab1§ of
. OPeTatizg co-line with mmerous analog and digita) devices.

 The a;ithxgeti‘c unit is a very high-speed device. he basic time fdr_udditio
" and Subtraction 14 Tloating point. form is 0.6 microsecond. ‘Multiplic’a.tio’r—:_ .
and division wily take 1.2 microsecords. Approxime.tely 0.2 microseconq -

n

mt be added to ,e'ach ‘of thege .times for each data word transferred between -

" the. core memcry and ‘the arithmetic unit, word length 1s{fédnsidert$1y' '
-reater than that of moet. existing _cénpufep;. : o '

' sections of each class are planned so. tnat each section can opérate_ con-

mrre’nt}y u:l.th.the o.thers"‘. 7 Ultj.mat.ely, the design OhJecfiveS of the
STRETCH system call for g randcm-access hezory of one m{llion words capacis,
and an external memory 4n the form of magnetic disks and tepes with a total

capecity of Up to 160 million vords.

l,..9
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le that TSt be made after burnoyt, occure,
must be done rrior to burriout is also consi

dered,

for'th'_e_usmptio'ns of this report (chiefly, that 450 _lfiissilés are ailti-'

“The 1my STRETCH computer
&ppears are being met),

- LOCKHEED AmcRas CoRPORATION

_ accor'd.in.gvto-it;.-' design oﬁJéctiye.é- (Vhich

offers a possible solution to the physical :
o realization of the data-proéeyaing system. - The mn'nber'or thege computers

ko
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In Practice,) an efficlency of 75 4 85 percent 1is probabiy hore realistyc

directiy to the temporé.ry Storage, There shoylg not be any d;l.ffi.cul.f_.«iqs
in Tecogrizing thig ‘data (e.g., iafrareq tracker.anslegr Measurements,

.Locxue;pmmncauounon | ﬁEe'R-ETs R 'uzssusvmsznon .
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. would’ ‘pez;fprm'the functions op the t;-énéqtorj Compater vhile the Other -

- would 4o the remaining Processing, The two machines would pe connecteq

 through the fnput-ouspy units. One. of tpe important dessgy objectives -

- Of the STRETy calls for tre Operation .of the compyter on-’l'i'nevifh Other
-analog ang digita)l devices, o : - T ‘

N N T

: LOCKHEED AIRCRAFT Cormoration T SECREF- o ‘mssnusvmmmbu.' ' ' -



-
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Prodlems woyiq arige _1r there vere not & sufficient number of reading
- and u;-i«;ing beads. ' When o missile burns Out, the associated date

 culatiopg, If, as accarding to° data-jnmessing'pxjoeeaure 111, only =
- racking data groy the-Jio-sevonds 1oy He-Hrnout were. Tequired, 11 .
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SECTION 5 CONCLusIoN'

sa smmmormmmmm FURTHER STUDY

-'.'In this section g list 1s Tresented of saﬁe of the more  important
. Problems and compents Telative to the data-processing facility fop -
. the infrareq Rrecision tracking-predi etion System. Most of the itens

(2) 1f the infrared trackers. are not of the lock-on type, - ‘

& situation exigts which is simi}ay to the one describved -
in problem (1), mne Qata-processing Problems are uore
-complicated in this case because of the high data rate

(3) " consideravie attention must be devoted to the'devélohnegt_

(4) 1t an automatic tracker assigiment computer 1s used, a'

LOCKHED ACRAFT corroRATioN SECRER © MISSILI SYSTEMS pvsion



(5)_

(6)
o

8 .

_'<9>,
'(10)

(11)

When the M'mdsion i:rackiném‘adﬁpion systen

_becomes operational; ‘information should be availabie

from missile tests, which, ir Properly evalus

+ could be used to mprove the functioning of the overal]

5_-2
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% 48 Cha.rggtgz;;_suc_s of the,burning.phas'e, iiicluding stacing -

" and guidance
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