
-, 

AD-A239925 
Illmlll 

DARPA TECHNICAL ACCOMPUSHME.."fI'S 

AN KISTORJCAL REVIEW OF SEI..£CTEl) DARPA l'R.OJECI'S v_, 

, 
~ 
-( DA 
,...--

SidDoyG. ~: 
IlidIOId H. V ........ 
s.,- /. DriIcIImooI 

91-08740 
ImUmulilil 

INSf/TUn! FOIt OEFEI'i' SE ANALYSES 
~'N. r ""'_ . ... t _ "-_",11.1'71 

______ -'9"'1 __ 8 23 012 .... "" ..... ...-. 



" 

_.Iof_~ 

'II01N. 800~ _ 
_ VA 223" 

DoIonoo II<I;arad _ .. 1<11 ""*",,,.<qonor 
,..oo W1oonBlvd . 
. .. ~,VAmo;.23oJI 



IDA I'APER P·2 192 

DARPA TECHNICAL ACCOMPUSHMENTS 

AN HISTORICAL REVIEW OF SELECTED DARPA P~OJECl'S 

Volume I 

Sicb:y Q. R-'
RicIwU H. Via Atta 

Seymour J. Ueitthnw. 

"'bnwy 1990 

, .-. -. . .. 
' ~! . . . --.. -

"' , .• r: . . ,: .... 

INSTn1)TE FOR DEFENSE ANALYSES 

C""InC' MDA 90) 1\4 C 00) 1 
DARPA AQipme'" A·119 

.. -. 
. -' . 



ABSTRACT 

1'hb is !be finl volume of~. piaru:led tvo'O-yolwne history of selectr.d. DARPA 

prnjcea and propnu that ~ lIJIlI.ertakcn from thc agency's iDeeptiC1lIO the pteSCl\t day. 

The purpose of • .!iis histOfy is to ro:ord. for pro~ aDd prograros IlaYitl; important 

0\I1pIItS and for .. hidlldcquate I<I1d ajrpropru.te dw.. could be ptberec1. the ehronological 

me!. I«hnieti histories in suella _y that (I) thc iaflumce oflbe projeI;U or prosrum on 

defense and ciYilian I«hnolop c:oWd be need, aDd (b) imp1emcnwioo k$!ORS eouJd be 

ell.1nCWi that wouIo. help DARPA manacc fufUtt prop:ams in suo;h a ,.ay U 10 MlhlllCf' 

their c;h11lCf"f cl $UCCeSS.. 

This "Olumc tcscribes the cenesis oIlbe study, \be approllCb thai wu liken in 

carrying it 0111, aDd progrun histories of 21 DAJU>A projects. EKb history describes the 

ccnesis of the project or program, the au.jor participants and eYC:nts in its lifetime, and 

conllins a flow cfulgrarn illustrating the =plcx of interacliOll5 among organiutions over 

Time ilia! ehJra(:terb..e the projecL Eaeh project l"eYiew ends with obsetYalions about the 

PfOjeet's success and the nlfUtt of its impacL Volume II, due in June :990, will prescnt 

27 I.I.!.ditionalllistorie$., in the saDIe formal, and willl)'nthelize the observations lboot 

Suetc$S and influcnc:e in sueh. "'Iy that DARPA eaD apply the results to future PfOsnm -..... ' 



EXCERPT



X. AMOS: ARPA. MIDCOURSE OPTICAL STATION 

A, BRIEF OVERVIE"~ 

AMCS {ARPA Midcoune Optical SWion) \VIS initialed by ARPA in 1961 as""1 

ulrOllOmica1.q1Uili1y '1bservatoJ}' to obtain precise measumncnts and imllg~s of reentry 

bodies llId ~ satelliru and otber space objects in tbc infrared lind oplical spectrUm. 

Located at nearly 10,OOO-ft a1titulk atop ML Haleahl' Maw, Hawaii, AMOS setVed u a 

unique facility for open.r:ioru:! measurements and R&D from the early 1960's. AMOS' 

twin infrared '.el~ were 'TaIIgma;110 Air rc. :e in the late 1970'., as MOTIF: the 

M .. wi Dpr:icaJ TncIrlnJ and Identification }"t-..--ili~, """'. ~rl.l"ded as one of the primary 

~D!on of the Air Force: Spx<.: Tn.c~g System. Transfer oi tbr. op~ to:lescope and the 

m .. inderof" highly autonlated AMOS 10 the M Faee lOOk place in J9I;t. 

B . TECHNICAL HISTORY 

ThcCOllCef>l. of AY.OS was oriiinally pilljlCAS«!. in l')~l bo .. R. Zirldnd of the ARPA 

staff u an 1lS1Iu."'IOmical..quality facility for imaging n:enay bodie5 and oth.". space objects 

in the:nftared. and for performing ~seareb in infrved astronomy. Information on the 

ir:frared emissiOJls from reentry bodies in midcourse. Cl[pensive 10 obtain in space, was 

needed pan:cululy for assessment of de1ection anoi discri;nination systems thf:n under 

study in the BA.\otB1 and PRESS projects under ARPA's DEFENDER program. The 

location selected for AMOS, at about 10,000 ft altitude near the top ofMt Haleakala, the 

lafl:es. donnant volcano crater in the world, ",U above most clouds and moSt of the 

infian:d·absorbing watervapor in the atmoSphac. The site was also Cl[pec\ed to have wry 

good astronomieaJ "seeinS.~ For similar ~uons the site had been selected previou$ly for 

one of the Baker-Nunn Satellite Camms used to traCk .;ateUites curing the lOY) The 

AMeS Location was favOl'3i:11e fOf obKl"\lation of reentry vehicles and decoys. missile 

t.odies and OIber objects over I COI"lsiderable portion oftbe midcouru range of suJ:t.otbital 

trajectories between the Vandenberg missile laWlch site.md the main ~entry location at 

t "T1P..cken of th_ Skies: by E. Nelson HI ...... Ho .. "V!I DclIIe. Cambridac 1968, p. 3)·34. ne 
Univmity 'If J-I;I,..ii opemed the eakef-f'lunn ~I¢sc""" for the SmilhSOll;an .... suophy~iCJI -. 
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KwaJlllciD. The Iow·latitude location was ~Iso advantageous for observations of satellites. 

AMOS was conceivecl. initially to in::lude (WO high q!W.ity telescope!'. one for use in the 

infrared anc! the otheJ in the visible: spccll"ll region, with pra:ilion mecllanical ~I\nts and 

computc:r-controUed drives. 

ZirIcind had I strong detire also to exploit, part-time, !he elpabil.ities of such a 

systecn:oopen. new field ofastrollOmieaJ :estIlI:b in the infrucd..2 Dr. 1. Ruin&, ARPA 

ditec:ttt at the time, pvc his approval to !be Pft!icct, provided the asaonomical community 

I~ it WIS a eood. idea, and wouJd actually do research wi!h AMOS. A !Deeline of 
sever-.! prominenl astronomen was held at Huvard's Smithsonian AS!l"OphysieaJ 

ObstlV!tory in Summer 1961, u which it WIS Icreed that AMOS' planned infrared 

observing capabilities and its Iocuion funber south t1w\ th= ~g V.S. observatories, 

were indeed of interest in a=nomy. The conclusions of this meeting, and the results of a 

careful invWlJation of aslJOlIOlUiea1 ·seeine~ I little luet by one of tile participating 

ISII"QDOI!)eQ (G. Kuiper), whi<:h iI1dicated. tbauesohllion of !he: onk:r of 0.1 srconds of art: 

was often attained, led 10 funher plans for an addin06l, $OIIICwhat larger telescope II 

AMOS for use in the opdeaI spK1JUDL 

The AMOS effort formally beglll wi!h Amendment No. 2 to an existing ARPA 
Ordn 236, 10 the University of Miehipn's Institute for Science .011 Technology, for 

telescope design, constructiotl, and eventual operation of the observatory.' The ARPA 

order amendmenI: swcd the AMOS objcctiv<:s as: (I) "ldcotificuion and signarure of space 

objeeu; (2\ an active program 10 advance the ~talC of tile an of intnm.i technology and 

hiJh-msolution imagery; (3) . re=h propanl41 geophyries and astrophysics including 
the astrOnomical commun.ity. ~ The DepartD:len! of Astronomy of !he univenily was 

involved in the initial desi,n studltl f;,r AMOS. The previoo:Jy ntcntioned "&ecing" 

invcscgation WIS one of the fm;t subcontr.lCt$, uf was facilitawl b'J the existence of the 

existing IOY·Smithsonian Baker-Nunn tele~ ~1 the site. 'n\(; A,'-tOS site was leased 

from tl:e University of Ha.wei. The origiruil := of ~ lease !IfOVided ior operation of 

the AMOS Obmvruory faciliIy by the Univenit'J OC Michipn,lUld afltl" 10 years use when 

._ - --
1 "Projecl AMOS: N> II'If~Qb$crv.1IIry; by R. ZirkiIld. Apf.IW Opdcs. VoL ~, 1965. p. 1011.111d 

discOlS!.ion willi R. ZirIdnd, Ilr 

l AO 136 of 61(,1 for BAMIRAC!Iad beeR tel up will> !be Univcni!)' ,ofMic./lipn. , ... vlously for. bro.od 
set of respoc!1ibilitiu (:01IRec:ted willi dau. for btllistil: !IIi",ile ;!efense luJel~ iJI Ibe ~,rrved. 
Alllendrnent' 2 was fOf SB.3M. 
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~ and $hakedQwn were er.pected 10 be completed. it W(luld be tumod O'IClIO the 
University of Hawaii .• 

Soon after these ir.ltial StepS by ARPA, I directive urived from Han:lid Brown, 

!be-!! DDR&E, givi.:.:, space object idenlificuion (SOl) and InICkingl high Jrlority in DeD. 
Since AMOS' capabilicies ~ designed foe this pUlpOSe, illi fundin, was inClUSCd. The 

University of Michigan undertook the desip of rNO 48·in. infrared telescopes. on I 

common IDOIIIII and shaft. one lIWnly for trltking and the other fot special observations, 

and of I 6O-in. telescope sepamely mounted. mainl.y rot work in the optical specll1lln. 

Design was completed in 1963 Illd consll'llCtion of the foundltion and bui!din,~ 

axr.meoc:ed by the Amly Corps of Enginecn.' The Corps consC'\lCted the entire facility 

except fat tel«cOpt5 and dome&. The three bigh qualil)' mitnm were completed I<> 

diffractioCIlimited tolertnees, sutteSsfully tnd It quite low COSt Special coatings ~ 

added to the IR I1limm to enhance tefleclivity over the 1·30 micron range. Te1~ 

mounts were of cast Steel. a bit unusual, since moSt astl'OllOlllical mounts involve welded 
pieces. This decisiou WIS IIlIde by ARPA. and the risk accep:ed to reduce costs. 

Su~essful eastin, saved SlM.6 The bearings were formed. with very close tolerances, in 

order to allow the desired pointing and tracking ICCUI"ICy of - 1~ arc at angular rates 

required to track weJlites and =11)' objects. No tel«cOpts of this size and weight had 

previously been constrUCted to the tracking specifications of AMOS.' However, the only 

hitch that developed in the conslrUCtion occurred in the domes, which lbo bad 10 have 

rapid motion ca~bililies, something new fur such strUCtIII'e!. A scpamle conlrlClOr made 

the fint domes, blot these were found to vibrate excessively. The previously helpful 

..uonomen pitched in again to COlrCCI the problem. I Considerable re·work was involved, 

which CIUSed an overrun, in tum forcing cancellation of plans for advanced 

insttumcntation, which included. i1l 1964, an iruerfetolllClric spectro·rad!ometer and 

c:omputer~tro1led aniculated mi.mm. 9 

• The inilialleQo was far l!I )'tid frono ~ Ulliomity of Hawaii, beJinninl in 1963. R. Zi:tdnd, ibid.. 
, AD 389 01 8/(\2 ud"2 of 16l to !be Amly Corps 01. Encu-s. 
, DiVn"io'I willi R. 2.iIt:ind 11188. 

1 The Baker,NIIM swtlite nctillj camera 'flU smaller and lil~1tI' .. jlll:W~. and. a;lIie.cd. 
tndin. leaIIlICy 01 .bout 2". "The Bller·N""" Satellite Camera: by Klfl fl<:ime. Sky a,J 
T~lucopt, Vol. XVI. J .... 19~7. P. 3. This sysIem also had sev¢nI SIOI;US$CS in SO:. =~.K~ tlayes. 
toe. ~;L, P. 121-l. 

I A. Meine! of!be UIliVUlily of ArizonI, ..... partkulArly btlpful. Di""llUioru with R. Zi:k.ill<.l 11/88. 

9 R. ZirlciI>l1, ibid. ,0-, 



Consttuction of AMOS was completed by 1967. Between theo and about mid-

1969 !hen: was an initial phase of evaluation, calibration and testing of the telescopes' 

computer conttol and traCking algorithms, and of the associated infrared arrays, 

radiometric, photomettic and imaging e:j.uipment. A data link with a ral1ar at another 

location in the Hawaiian area wu established, 10 facilitate tncJdng.lO As originally 

~ned, &SIIQnornicai. objecli ~ used for calitration. Initial anemptS were OI3de with 
:lOme $Il...--ces5 10 acquire and traclr. satellites and. otbeT space systetns.. An early success was 

• photograph ant! tracking of one of NASA's APOll.O modules.1I 

Figure t, from I current Air force brochure,ll shows pictures of the telescopes, 

J»!.JSed in the largest dome lhown in Fig. 2, which also ewbits otha fearun:s of the 

A.\iOS far:i.lityu it is lOday. The optica15}'$teIIl$ povided for scv~ ilISlIUnZntmounting 

platforms for diffm:ot de:ection and imaging systelIl$. Both m and optical syslems had 

long focallcngths 10 allow fine image definition. 

A second data link with • traeking I1IIIat on another island wu establish and this 

and other:adan wuc relied upon, IOgetheT with itJDllllltioo from the NORAn. .work fot 

initial lfaeidng inputs. A low-powenuby 1asct wu also installed. as t flnt Step toward t 

\asa" l3dar wget illwnination teo;hnique. 

By 1969 the quality a-.d potelltial of AMOS Ilad ~ demonsuated and a second 

phtse began in which the Ai· Force became the ARPA agent The Air Fon:e also began 10 

suppon projects 10 meu~ properties of reentry bodies at the facility Ilndcr its ABRES 

projecl The University of Michigan was repla.ced, u AMOS ."IllIIager and operator, by 

industtial contractors, AVeO and Lockheed.l] Computer and software advances funher 

improved tracking capabilities. In the early 1970's advances in semicondllCfOf StaIC of the 

an allowed a much impm~, IHger infrared sensor amy 10 be com!:nned with a conuast 

10 AMOS Advmccd E~ Program, RADC "111..86-215, n~. 1987. p. 2. This repan contains 
• brWfhislory ot AMOS since 1963. 

II Discussion with G\cJI iloaers, AMOS, IliSS. 
11 AMOSIMOTlF broctlU/f., IIfKIaIed. 

13 A.O. 2320 ot 11m IIId RADC.lbid. 
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Flgurt 2, AMOSIMOT!M.i~ m~~ Ob .. :vttory 8ulldlngt 

pholCtnctcr and lClevision c:amen. in all '\"V&I,cco lI; ~ticvIot TrackiJI,~ sySt~m. A higher 

po-¥Cr ::'\i1,)y laser WoI$ dcslJMd and instlllcd 10 w, ;.1. wilh one of the infrared lelUCOpes. 10 

COndUCI initial ran,;n, experiments. These lwprovemems allowed fR &nd visible 

me&! .n:ments 10 be olnjnr4 on m:ntcrin, vd\,;eJes and penetration aids of the Minollt:Dlall 

Scric J &nd on IC"cnl ulClliteJ." Assistance was also provided 10 NASA 1('1 help with 

problems on the SK tuB, 

I( RADC, ibid. 
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In the We !970's 5=sful space objeet tneaSIUWleDIS ronlinued in the ilJawi 

and visible, lind laser I'lnpng and. illl,i.'IiliIadvn experiments begID.I ' Evenruiolly. a 

dcdicalCd laser beam mctor was ccnstn:<:Jc:_ Pfc:pa."ali01JS began fo; tJ\C imiillttion of 

the ITEK eompensaJcd imaging sy~tem (CIS) which had also been developed by DARPA, 

10 be used with the 6J.in. telescope cn Iow·altitude splCi: rnicetS because of tb.!. UmilC4 

cffe~tivl\ field of view .16 A number of mea5llfCtnents of higll ttmosphere turbulence 

related to CIS perf01'lDa.OCe were made.. Precision trackill~ iI'IIPfO'/cmcnts 'OIItiDued. 

pa;nicuIat;y in duncteristics a1!e:cti.og ~off to loc.U and distant tracicil'lg syslCmS. 

A higher power ~ laser was instllled tDd used ful'expcriments f'J!' nniU,g and 

ilIumlnetion of more: rutant objects. III 1979 ."MOS· rw'.n ir.irvW telescopes end 

asStlCiared SY$IC~ be-cl!llle 1"-'1 uf the All )'or~e Space Track Network and wu ~namcd 

MOTIF: MlIui Optical Traclcing and lder:.tification Facility. 

In tile eMI)' 1950's DARPA-supponed AMOS ILCtivii)' included more detailed 

mcu~llXn:< ~.f b1CkifOUDd, lUg!: ci>:Tus elc-Iid propeniCi &lid ltmoSpheric tuJbo~~nee. 

Mca.sur.:ments Wele made on meteor u~~ in the inftareci, IJld on the core of the M-87 

galu)' in the vlsibJe.J1 AtmOSpheric eompe:lsatioll expcr'.mellts: bepn u5ing uncal'll 

Labc-ra.lory deformable 'll'mor Icchniquc for dilecting I. 1.tSC1' dI::o:>Ugh thc turbulent 

alm(I$)Iherc. So!VcnI supporting experiments have been made for SOl in the armospheric 
infr1ml windows.11 The compensalC4 imaging s)'SlCm was 1eSlC4 and imtalled on the 

6O-in. telescope. A LWIR c.pability was al!103ddcd 10 the 6O-in. on I side mount, and tlw. 

6O-iD. mirror wascoate.1 to improve its IR re!!~tion. 

By 1984 AMOS htd become a highl)' automated l)'SICm. a.-.d DARPA (nnsfctted 

AMOS to the Air Force. R.4.DC is now responsible for AMOS' R&-D;II\G the Air Force 

Soller C(IIllll'land for the operation of MOTIF. A ~,'m!'lllt)' of I'urrcnl AMOS·MOTIF 

~'-iliti~ is l'OiItir.eiy issued by \he Air Fon:e. SDI mlW $upportS i subslilnlial fraction of 
I.MOS· activily.l9 

U E .... A.v. '~37 of7n •. 
" A dtseliplicD Of !hi. lICk .ysiCnI i$ Ji_ ill ~ ... chqICr on • A4aptivc ()p!ic:s: by loR. V,Ci:. arod w. 

H.o.dr. L'lII1lIU 8. P. 101 of.t"", C<JIt!'oI V.,.V;02li<>n, PergImDn 1986. 
17 Di.n:Cl l""f'd .'>1.41 ........ '.1> fl/TMnMI RDdUuioJo F,,,,,, IAt: N .... :.!U fl/Comel SrMtn. by lome. A. 

Mye. , ,",p. L., V. 17~. 1972. p. U9. 
II RADC. ibid. 

19 S"",matY of AMOS-Tecbnical Acthitit$ • t987. RADC TR-87.:lOI.!.loy 19&8. 
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One oftbe odgirW objccdves for AMOS, utrunotllial infrared research, has been 

ccried 01,11 onl)' 10 a very minor e ' ,ICDI.zo However, academic at uuonOQl,)' is now 

be&inning 10 flouril;..l) witll seven! telescopes in tile U.S. &lid also al Mauna Kea (ncar tile 

active volcano). What bas ClU!.:d this area 10 bloom is the availability of IUF IR focal 

pI.ne ma)'s, cievf"lCJ!lCd W&~:: ;-:it!:: DARPA support. Some of these ana)'s had beeil 

tested al AMOS.11 

SuuestiOI1$ have been made by somt: memben of the U lI'OIIOmical ;;:onmlunity, 

ooubly rhc Meinels (who bave been involved with AMOS frOI!I the hcginning) 10 begin 

planning for larger (to-meter tlDge) apenun: , tomputer-conuoUcd, articulatc4 mirror 

!eleseopes foo' ott nexl·generation AMOS.!2 

c. OBSERVATIONS ON SUCCESS 

AMOS was an ARPA initiative 10 COO$IIUCI an uaonomical-quality facility for 

observations of satellicesand for uaonomical =h. Tbc Air Foree bad used the laYs 

Balr.er·Nunn telcscopc-camcrt for salellite observations. bul AMOS wu 10 be a larger, 

more cocnpJu and heavier telescope, ..... it.'1 angular uacldng quality aI: 1ea.~1 as good u the 

Balr.er·:~unn. The Sl:p 10 construct AMOS was considered risky al the time, bUI nOI 

exceuivel)' so b), CompeteDt ut."OIIomcn. who ~ inlerested eoouJllIO provide belp 

wi.:b desigr. al the earl)' and later stases of the projCCI. The sudden incrcuc in priority fot" 

satellile observation ICChniques enabled AMOS consIr\ICtion and U'~ 10 proceed quickly. 

An academic conuac:or, University of Miclligan, built the tdescope. _"litial plans ~ 10 

turn AMOS over 10 the Univenity of Hawaii, after ten years operation. Afler ils 

CODSlJUetion, however, opcrationalusc of AMOS t.cramc prt:d(.minant. and:he plans for 

academic uses were on t.'lc one ~.and awkward. and ()!I the other hand academic groups 

wc:e, al the time, distancing tIIemselves from military · relaled programs. Industrial 

optnlion ofthesc fatililics was tIIerefort; consi~ more appiOjJtiate. 

Over I. nearly 2I).~ar period AMOS has i1lel its primary oi:ljcctive of serving as a 

wrlquc facility for electtooptic RAn EKi operational usc, &nd is now considemi a national 

asset. DlDio,!!Us time many advances in e\CI'.lJOOptic and rclated ICChnJlogy developed by 

DARPA bave been efficiently tested and used II AMOS. A key feature was :hal 

70 Discussioa willi James Mycn, PhoIon Reseattb, Iro;. \\i80. Seec FII. I'. 

11 S ... c.i., "Asaonomiclllmla:i.S Wi!b Infnred Array 0ett.c1Ort.,' by I. Ca1k1, el al., Sd~I<C~. Vol. 
141.1 Dec. 1988. p. 1264. 

11 "Summvy of AMOS 'oc:hr.Q1 Mlivitiu 1981" ibid... p. 16. 
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ISlrollOtllical objects of knO"ND brigl~tne» and qJectrai characteristic, could be used for 
calibration purposes. The succ«s of AMOS is attested 10 by its past and current use for 

reentry and pcnc:ItlUiOl1 aids mJdics by the Servia's and SDI, and IS a pan of the AF Space 

Tnck S),SItDlS. Whilc DARPA $Uppon is !lOW in Ihe mode of suppon of ~usen," IlIc 
challell~ in the opentiouallrCa.> do not seem 10 have dirninished 

While !be original objective for AMOS also included utmn~ ~h.1his Ms 

0CI:IImd onl), 10 a very mioor extcnl, Wr reasons outline abo'..e. AMOS. lIowcytl', hli.S 

bcc!I a unique !CSt bed for focal plar.c arra)'l de'~!oped by DARPA. wltic:b have 1IIlde . 

substantial canribwion 10 the P=JItl)' biooudng ficld of IR 1ISQ'OIlOIn)'. 

After its initial dccoonstt1lion of opcralional..a,abilil)', ttansfcr to !be Air F= 

oce-.urcd ~ua11y. Tbc Air Forcc bas coUocllCd at !be AMOS £acilil)' tbrcc of iu 
OEODSS 5)'StClIlS, developed I\l$o pull)' willi DARPA support,23 to autOmaticall), dClC<t 

£Id nr..k wdlilCS 111 gCOS)'DcllmDous di.sunces. 

The initial AMOS facility r-OSI .ppcan. from pmj«! records, to lIaye been 

approO'imatcl)' $12M. The cost of til':! IaICT pbases, including operations and Urjll'O"C<DClItS 

sucll IS the CS, &Ita support of AMOS opcn.tions for some DARPA R&D projects, 
appears to be about S9OM. 

23 AMOS \lS<f's m..,lIII. RADC. 
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eurrently Incii.ldes the En.hanced longwave SpeetrOmeterl1lT1o\ler (ELSI), which is a dual 
infrared acquil!tiOn.lmagin. army, and me AMOS Spectral Radiometer (ASAJ, which i~ a 
26 deteclOr /J!ement MWIRILWIR radiometer. An 8000 et.ment Platinum Smcido (?\SO 
Inlrared Chan.e Coypied Oevice (CCO) is also included for infrared imaging in the 3-5 
micromel(;1r spectral band, A se<1sltlw inlinsified Silicon Inllns~ier Target (15fT) Camera 
Is also I)fesent in the padcage. 

Thl> AF$PACECOM 1,2·meter telescope complex repre$litflt$ a unique capability which 
tI.nctlons as a fully in:$9rated sensor i'I the ~acetack Network. Two 1.2-meter teleS<:op&S 
are mounted on opposite sides 01 a Single polar axis, and are ftxed 10 a common declination 
axis. The mount shares the same operating systems and pe!1ormance parameters IS the 
1.6-meter mount. Both 1.2-me1er telescopes am classical Cassegrain optical SYSlems, 
haw,g parabolic primaries and hyperbolic secondaries. One telescope (829) has a back 
local distance 0129 inehls, a relative aperture 011120, and a focal length 01 :lot.Sm, while 
the othlJf (837) has" 37 inch bad< local distance, I f"'lative aperture 01 flI6, and a focal 
length 0119.Sm. Bctllll~SCOPIS haw primal'f mirn:r SO('OOl1 systems which i"lcorporate 
air bag'S fOfaxial SUPllM and mercurylilled bellS fa radial SlJpport. An acql.olsi~on telescope 
is m~n:ed piggyback on the 629 telescope. 

Th". are three mounting surfac8$ on tllese Ielescopes. one on 1M e29 tele$cope &nd two 
surfaces on the B37111sscope. The B29 houses the Advanced MulliColor Tra~erlor AMOS 
(AMTA), a $quare array 01 2.!icooled Cadmium-doped Germanium (Ge:Cd) detectors. The 
Sflnsor is filled with seven remollly programtTlat)le spectral filllrs thai operata in the 3-22 
micrometer band. The system is used 10 co!lect tow dispersion infrared spectral data on 
!argots 01 interest, and 10 perform manual Of closed·loop tracking 01 non-solar illuminalld 
targets. $hari:lg the light beam with AMT A ~ tile Contrasl Mode Pholometer (CMP), which 
prolric:lls vis'ble pI\otometric signature data simultaneously wiItI AMT A inlrared signatures. 

The flaf insl'umem slrlaca ¢the B37tll!~3COPe houses the L.:lw Lig~\I Level TV (Llll\l) 
Package, IOfdelecting and imaging resolved targels, and fordetedng verylaint, unresolved 
deep space objects. The U.l.TV CGnsists 01 a high-gain. aslronomical quality 1n11{lS~ied 
SIT camera with narrow and wide field otview optics. me package alsC contains a 16 mm 
cine camera lor a classical ",aging eapab~ity. The camera ha~ a variable /ram ...... te (2.\ 00 
frameS/see), a lIi·mode shutter providlng conseeullve exposures in !he ratio of I :3:9, and a 
filter wheel for color spectral filte~. The side Ioslll,lment surface 01 Ihe 837 houses an 
atmospheric turbulence measuling device, and additional moundng space is available lor 
viSiting experil\~~lefs. Mo!..nted on Ihe 637 tele$Cope hOUSing is a small I Joule pulsed 
ruby laser used as a Cirrus ~OAR PrObe (CUP). and an I a Inch receiVertelescope is uSfld 
to detect backscallared light from the atmosphere. 

The user Beam Oit"octof Is an optiwl sys1.,m whdl f'~-:.vId .. s precise laser beam pointing 
and !racking. The system utilizes ~ s'!riu o1lbced mirrors and bElam expanders 10 t.al<:e !he 
ou\ptJI: 01 I leser syst~:n, Ol(tland r; t .. ;>ot Int:hi!s, and direct ~ 10 1:36 inch azimuth/elevation 
gimbaled tracking min;)l". from which it is plojlCted inlO the atmosphere. The 24 Inch beam 
expander and the 36 inch tracking mirror are mcunted on an azimuth turntable which is 
locked prior 10 a t.raclcing operation. The LBO has supported flo AMOS pulsed IIJby laser 
system, a three stage O·switched and conventional mode laser prOducin; pulse energies 
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of about 8 and 80 JOUleS. respectively .Ior laser rangif'lg and inuminaUon of obiects in space. 
The beam director has been designed 10 enable user agandes 10 mount their own laser in 
the wb-dome aria and utilite the e~isting optics and poinfing to COnduct measurement 
programs tailored to a specific laser system. 

The new c.a·meter Coude Beam Direc!r.rfTracker is a versatile system that can accept up 
to a 15 em. beam from a variety of lasers. and pmjecl ~ to an object being lrar.ked. The 
beam may be projected from the BOfT without !MpanSion. or be eMpanded up to c.6 meters. 
In addition to the CoucHI path, the system inCludes;; Ca~rain mounting surface. The 
BOT mount is an attilUde-aMude configuration with a Coude path to bring !he laser beam 
to the projectio" optics from a fixed poilll on !he obse-rvatory floor below. The mou,,! can 
track atvitoclties up to 5 deg:rseS/sec and a"gular acccleratio!'ls:.lP to 4 degrl<'!S/sec2. Tl1e 
BOfT is o,erated with a variety of lasers, ir'leluding syswms installed by visiting UStr 
agfl1cies. The LIDAA Acquisitiol\l$izing Experiment (tASE) system is currently in use with 
the BDfT. This bistatic CO;: tasertransceiver is designed to providQ mea"'Jremf111$ oj target 
range and range rate lit rangn in eMcess of 2 Meg.ameters. inewpendent 'II time of day. 
Tha system was designed to serv' as an experimental test bad I(.)r prec:Sion dynamic 
measurements. Coppler imagil'lQ and micro Doppler measurements. 

In addition to the large optical systems and sensor capabilities a; the AMOSJMOTI!' site. 
extensive cDr.1puter facilities haYG been instal~ as well. ThE: ,'.Ic\l'lt Cornrol Sys!am (MCS) 
Harris 500 compute<s dire~ the operation of the 1.2·meter, 1.6·met'!r, leD, ;one! SOfT 
mounts. Tt:e MCS allows each mount to indepe'ld&ntly acquire and • 'act<. targets wilh a 
high degree of precision, and to employ data from remote sensors, such as off·sile radars, 
to achieve acC[uisition when necessary. In addifion, two MODCOMP tompvtefs provide !he 
c~pabcility for eolleeting, recording. displaying, editing, proc~ssinc, and tran$lT!ittmg 
AMOSIMOTIF data. One MODCOMP is part of the Oata Tr8nsm:Ssion System (OTS) • 
..... hich is capabcle of simultaneOU$, real·tif"le acquisition and storage of metric, photometric. 
and infrared data. Tne SKend MDeCOMP is part of the Communio;atien Syst€1n (CMS), 
which takes information from the OTS and formats and tral'lsmits IN data Ilia AUTODIN to 
AFSPACECDM. Other computers al the facility perform digital maile storage and trans· 
mission, data analysis, and database managemental the sile. 

E.xtl!ll$ive support systems e~ist al tI'I8 site to operale and maintain the eompleM and unique 
oplical ~YSlems and sensors at AMOS/MOTIF. These !nch.We a satellite·based Global 
POSitioning System (GPSj.referenced ijming system, sacure 24...'0 SAUO worldwide 
AllTOOIN. ar,d a secure voice system. A separate wpport ooild."g &d;acent \l' the obser. 
vatory facility contains a mirror re-coating laboratory with a vac,:um tank capable of holding 
the telescope primary opticS. The wpport building also houses a m'lchine ShoP. electronics 
shops ...... ehling Shop. ta'P'lntry shop, and partS storage. 
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