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‘1’his paper dcsctibcs a ncw way 01” supp(wlin,g I)ighly aulonolnoui  Illissi(n]s  being c{msidetcxl  for use (m
upcolning NASA missions (() [iutopa and I)lu((). ‘1’hc spaccctalt will hove omtxud  in(clligcncc (o dctct-mine
whether il is henllhy  and when ground  mn{uct  is wxdd.  It will tmnsn}it onc of” 4 }ncssagcs  to the gr(nlnd
illSk21d of 1101”1112!  [’1111  Cll~illCCl”ill~  kklllC(ly  of”  thC SIXICN’1:1([  hC:\ith.  ‘1’hCSC  llWSS:l~CS Will k lllOIlif Ol”Cd  by ;1

gI”(JLIIKl  station. l]ascd ot~ the ut’gcncy of lhc mcssngc, (hc ])ccp Space Nctw)rk (l)SN) will schcdu]c an
nntcnna 10 rc.ccivc lclclnclty. lhxp space nliss ions IIadi(itm:llly  srhcdulc ground  antcnms 10 wccivc
cnginccring  klcnwtry  LIp to several (in~cs  pcr w,cck. ‘1’his ncw qqmMch CNI} rducc lhc nmnitoring  tilnc 10 a
lcw lninutcs pci day and cngincct-itlg (clctnc[t’y (~t]cc cl’ciy sclcrdl weeks. ‘1’hc cn&to-cnd  systcnl dcsi:n  and
(y]cta[i[)nal s[ratcgy 101- this m(lni(f)ling  conccp(  aw dcsut itvxl it] [his pq>ct’. 111 addi(i(m,  allcmalivc ground
it]]l>lctllcrlt;ltioll appmchcs using di(lkrcn(  signdling  and dc(cclicm sctlctlws  dnd gl(mnd  mlcnnas arc
discussed. Since only a small sc( ol’ n]cssngcs  we tu~nslni(kd, i( is p(msible ((l devise a sign:~ling and
dclu’(ion schcmc with a thwshold  a i’ac(ot of” 1 () Imvct’ Ihiin the cxis{ing I)SN  schclncs used fol” tclcmctry
Iccepti(m. ‘1’hc  Iowcl threshold allows wcakct signals to bc dclcclcd,  which cnahlcs  supp(m( of’ spacecmfl  at
Iotlgcr distance o] usc of” sInallcI gt-(mnd  anlcnnns. ‘J’hc ccx)n(m)y  of’ gIOLIIKl itll[llcll]ctltil(io[l options howvvcl
dcpmds oll Inany factors, including (IIc :Ivailabili(y  of cxis(ing Y-nlckr antennas, lhc numhcr  0( user
sp;icccmll, and the signal sl[cng[hs 01’ (hcsc spllccctal’1. l;inally, this p:ipcr dcsclihcs a [’light cxpcrinlcnt
planned lo] the first  ncw Millcnniuln  lkcp Spxe OIIC (1) S- I ) Illission.

JN’I’I<[)I  JLJ[’’I’I[)N
‘1’he first Ncw Millcnniutll Ikcp Space Otw (1)S 1 ) n]issi(]n :Itd I’lu(() Iixprcss atc planning 10 dcmonstra[c
[INCI  LISe “Bcw)n  Mode” foL nliss ions opcrati(ms. “ Bc;lcon M(dc” (w “Bcac(m hloni(or’”  is basically an
automafd  .Spaccct’af’( h40nit (wing  ,Sys[cm (A.SM,S),  ‘1’hc idea is 10 II I:IkC LISC  01 (IK au((momy  technology (JIP
board a spucccrah  10 allow lhc spaccct-dfl l{) do sell’-tllotli[olitlg” and send wp(wls 10 the glt)und  using a vcty
Iitnild tILIml)cr  01 urgency-tmscd Incssilgcs. ‘1’hcsc Incss;igLs wfill  hc monil(mxl  hy a ground sld[ion,  and
Imscd ot] [tic urgency 01’ (hcsc mcss;i:cs, the I)SN  will SCIICCILIIC  an untcnna (() rcccivc tclctnc(ry.

‘1’lilcliliol]:llly,  l)ccp Space missi(ms  scllcdulc gt(~utd dnlcnnas (() wccive cnginccrirlg lclcmctry  up to scvctal
(itlws per week. ‘lhis ncw :Ippl(mcll  ctln mlucc  lhc Ill(mil(ming linlc lo a ltiw’ minulcs pet- day dtd
Cll~lll CC1’111~ tCICIll  Ctl”y  OIICC  CVCI’Y  SC VC1:II  WCCk  S, lcs  Ul(lll~ Ill L’OS(  S2VIII:S. l~igLll”c I g ives  tllc  :III1OLII1(  01”

antcnno lime for the trdi(i (ml qyw(MIch  and (hc ncw appr(mch, tmd (m cxis(ing IIM1  planl] ccl dccpspacc
missions I l].
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A cotlcep(ual design is shown  in I:igurc  2. ‘1’hc C(W clcincn[s iwludc an (M-bo:ird  monitoring  subsys(ctn
and a number of groutd  componcn (s, which include a ln(~ni(ot smifm and a Mul(i -mission ~mndina[ ion
O) InpLI(cr  (Mh4~). T’hc monilwing syskm rquircs the suppfwl  of f’rojcct  Opct-a(ions ‘1’cams :md the I)SN
Nctwwk l’larlrling and l’rqwa[im (NJ’J’)  subsystem.  ‘1’tw m(mi[oring  sys[cm  can bc inlegtated  as a part OJ a
[lIILII”C  Multi-mission opci’:l(ion ~ctl(cl.

‘1’be omtxmd  lnonit(wing  subsyskm includes ncccssq llighl sol’llvarc atd pml of” [hc lCICCOIII sLlbsyskll). 1(

is responsible i’(w analy~ing  [hc sp:lcccm(i engi[wcfin.g da(a (() dctctlninc ils hcal(b, reducing  ils IIC:IIIII  sla[LIs

to (M)C of” the four monit(wing  states (which arc NIs() knowl] as bcxw s[alcs or l(mc stdcs).  nmpping  lbc
m(~nitoring  s[ak into an appropriate monil(wit~g signal, :iml triinsmilting lbc monitoring sigual  to Ibc gIOLInd.

In ddition,  lbc  spacccmfl  is Icsponsiblc  (or gcllcrating all cngim’ct’ing  SLIIIIIIlaI”y that  will bc lidllsmit[cd to
(k gIOLIIId  and nnalymd 10 dckrlllinc llw conditions of (hc spxurafl.

‘1’hc nlonik)l  ing slalion is 10 dclccl Ihc monitoring signals using lhc schcdulc and pmlicts  supplied by
h!M~.,  and sctds  (k KSU1[S  (o hJM[’. ‘1’hc MM(’ is responsible I’M (I1c opcmti(ms of the systciu. It is \Yl]cIc
(IK dc(cckcl mcssnges arc ill[crptc(d  bmcd m rules  cs(ablishcd by (Iw IW{)ICC(, It lnaintains  a monitoring
SChCd  LllC fol”  :111 spx’ccl[lfl.  1[ l]l:lkcs pass L’C(}LKS(S  f’ol a 3411] 01” 7(hll :lll(cllll:l :Illd llollf ’lCS (hc plOj CCl, wbc1l
lmxk’d.  11 ds(l llli(i21kX  LIl”~Cllt  ICS}X)IISCS W’[lCl)  (li~~Cl”d  by :111 L1l’~CI)(  IllCSS21~C’.  ‘1’hIJ N1’}’  plO\’idCs
fwqucncy  Eincl an(ct]wl pointing Jmxlic(s to MM(’, wbicb  [hen sends tbc predicts (o (bc monitm stati(m.  IN
ndditiw,  NI’I’ is responsible for schcdulin. g 3411)  (M ‘i’0111  :m(cnnd  passes in Icsp(msc  10 MM~’s NxILIcs(s,  as
triggered by tbc dctcc(cd  messages. I) Llring a sp:lcccral’(  cmclgcrlcy, N1’1’ will w(wk  diwc(ly uith  (Iw l’tojcc[
Opcta(i(ms ‘1’cams, bypmsing  (IIC Mh!l(’.

‘1’IIc ]Yc)jcc(  [)pcl-a(i(]ns  ‘1’cams arc I-csp(msiblc  for dcl’lning  (Ilc  n]onitoring”  Illcssqxs  and  tbc I’cqllilcd

Icsponscs,  supplying ncccsswy  spwx-cm(t  da(a (o N1’I’/MM[’  I’(N scbcduling tind I’(M  pdic(s gcncrotion.
‘1’hcy  wc :11s0 responsible (OI wspon(litlg  10 LIIgcn(  nwssagcs l;inally, (IIC monitoring syslcm is c(~mplclcd
wi[b the l)SN 34111  or 7011)  an(c[lt]as, which (lack the spaccctttl’1 atd send (IK d:lta to the })rqjcct Opcw(ion
‘1’cams lwl” N]’}’ SCbCdll!C.
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Message Example:
Msg 1: No tracking required
Msg 2: Track within 2 weeks
Msg 3: Track within  1 week
Msg 4: Urgent (track within 2 days)
Msg .5: No signal

Jhy ‘+-- e~/  f<-
1

@#%. . S/C Monitoring
Subsystem:

& initiate urgent responses

“1’tw n](mit(wing  syslcm n(mnally is used for sPdcccIal[ lIcaltlI  m(mi[(ming.  It tail also t>c LIsccl  to al low a

sjmuxaf ’1 10 Inakc  IcqLIcsls  for’ 3411)  or 70111 l)SN all(ctltul lr’;lcks. 1( iS in(cldcd ftw usc CILII Il)g  cruise and
low activity missi(m  phases. When illlcnsivc intcracti(m  is nccdcd hclwccn lhc spxcccmli  and (he gI(mnd,
(I)c monitming mode can he tcttninalcd by a gIOLIn Cl LX) III IIKIIICI, Or hy an on-board compu[ci,  When a
Spaccct-aii cmcrgcncy  is dc(cdcd by (he omboml  f’mll  prolcclion sol[walc,  the spacccml’t \vill rcvcrl 10
standald Cmct-gcncy  mode opcl-dfims  d lransmi( low t-ate (clcmclry 10 the ground.

When operating in (he monitoring mdc, each sp:lcccld(’[ \vill tmnslnil its nlonit(wing  signal continuously
and will at the smc lime maintain its ability (() rcccivc colnt])ands  f’[i)m (he gIOLiIId.  I1(WJCVCI,  there may Ix
sp:~cccrat’(  constminls  (sol) m (he need (0 consctle  power) thal do nol allow the spacccratl (0 transmit  (hc
moni(ming  sigmil continuously. lr~ this cxc , a prc-agreed colllrlllltlic;i(i(~ll window can bc es[ablistvxl  for

mor)il(mit]g purpose.

tiach spacccralt will be monitored once per day, 11[>  (() 1/2 tlolll ~YJl”  Ill(mitol”.  ‘1’tlC Ikllll llf~CIK’y-t  XISC(i

Incssages  may have lhc follmving definitions:

[; I<[illN  (ll)CSSil~C ]): Spxccxtf’1  is rl(~rnirl;ll,  no grt)und response nccdcd.
ORANGI{  (ll)CSS21~C  2): Need a INN pass within two weeks.
Ylil low (message 3): Need a I)SN pass wi(llir~  (me \vcck.
RliI) (message 4): LJlgcilt, need a I)SN  :Inlcrlno pass wri[hirl  2 days.
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‘1’hc moni(or s[atc in general can Ix transilic)mxi  I’ltml a Irss  urgcnf sl:ilc dircclly to any onc 01” the more
ut”gct][ S[:IICS.  11 will not be lrdnsitioml  I’ttm] a Intro ut-gcn(  sldc  10 ~1 less uIgcIll (M)C un(il [Iw need t(w (Iw
tnorc ur,gcut slate has been s:ilislicd. ‘1’() allow su(l’icicnt titnc [’(x the gI OLInd  shition  I(J dclcc[ (Iw lmilsmil(d
l]lcssagc, the monilor mcssngc  will nol hc cll:lngcd tllotc 01’ICII  (Il:ln once pet bout. }Iowcvcr,  whctl a R}il)
s[a[c has been dclcclcd,  [IIC Spaccct-al’l will lmllsnlit (Iw Rl;l)  Il)css;igc illltldiatcly.

WhcI~ the spacccrai’( is hc:ilthy,  it will twnsmil  a GI{liliN llicss:lgc  ci[hci c(m(inu(lusly  (M duling a plc-
attan:cd  cotlllllllllic~lliotl” window. “1’hc  Im)nil(w sl;iti(m \vill dc[cc[ the tl)cssd:c  (Jrlcc a day :IM1 sctd  rcs Lilts
to htM~.  If’ a GRIiI;N message is delcctcd,  h!hf~  will sinlply mchivc lhc tcsLIl[  and I(ww:lrd it to the
l’mjecl  Opcralions  ‘1’cam.  ‘1’his opcralion wilt tw t-cpcatc{l doily un[il lhcw is a change of’ Ihc monilot” sldlc
(or [hc detected message). ‘1’hc sys[cm as currently conccivcd d(ws t]ol require m uplink :lckIlo\\JlcClgI]letll,
As such, the spaccctai’1 will not knokv it’ its message hits hccn rcccivcd c(wrcctly by the ground. ‘1’hc
spoccct-al’t will thct-cllm tl ansmil lhc snn]c lncss:igc  ddy al’tcr day il’ (hcl”c is no change in the moniloting
Sl;llc,

WhcI~ the sp:lcccri~fi ncds a 34111 (M 70111 at~tct~t]a Imss, it will [mnslni[  o Ylil 1.OW’, O1{ANG1i,  (M Rlil)
mcss~igc, depending  on IIIC urgency of” Ihc need. ‘1’his Nwssagc, :il’lcl bring dclcctcd by the ground morli(or
sf:llion, wilt triggcl an appx~ptinlc  Icsp(msc  It(ml the various gI(mnd clclnctlls as discussed in Ihc ncxl
section.

‘1’hc system soflwm can hc rcc(ml’lgurccl 10 meet individual ptojccl needs ;Ind [() :Iccommod:l(c  spccil’lc
opcmtional  constmiuls,  by modi(yin.g sOIIIC of lhc opcrali(ml[  p:minlctcIs. ‘1’hcsc  paramclcrs  include
n]cssage definitions, their t-cquircd response, Incssagc  lransiti(m  ILIlcs,  Icnglh 01” lhc coll}llllltlic:l[iot]”
windows, f’I-Cq LICnCy  of’ m(mil(ming,  and pcd’(mllancc  rcquimnlcn(s  (e. g., pl(~txltlitily ol delcclion und False
:Ilatn) Mtc, c[c. ). M~Itly ol’ (hcsc piwmctct.  s Iltc in(cr-rcta[d.  (’lmngit~~ OI]C  p: Ira InctcI mny al’1’cct at]othct.
(’ate Illust bc I:lkcn in sclccling a scl of’ worldlc  pamlnclcrs  I’(w Ihc systcln to opctatc with, “1’hc operational
conccp( dcscrihcd  atmvc is tmscd oIl a SC[ 01 p:immctcrs judged to tw rcawnnbtc nnd rcalisfic f(w both (IIC
spmmll ad the INN.

[)pct:ilic)ns  S~:g~~nlios
};l.gurc 3 Smphically depicts the operations” sccnwios.  AII cxiit)iplc is given bclo~v  (() illus[m(c  the opct-a(i(ms
in dc(ail.  l;O1 this example, it is assumed that the spaccc  Ial’1 nmds [I gt(mnd (tack wilhin onc week and
[mnsmits a Ylll .lX)W  mcss:lgc  to the .gIx)utd,  Atlcr dctccling lhc Yl;l,1 ,OW n]cssagc, lhc h!h!~  will
msp(md  10 this message :Iccording  to the rLllcs cs(ablishcd hy thr projcc[.  ‘1’hc Iollowing is a list ol possit~lc
actions

(1)

(2)

(3)

(4)

(5)

(6)

(7)

;itlcr detecting a Ylil.1 .OW mcssn:c :

h4M~ sends a vqucst  to I)SN N] ’[ ’/Schdulcl’ 1o1” an X-hour  IMSS with a 34111 antct)na in 1 week.

I)SN SchcdLIlcI schcdLIlcs a p:lss 10 t~c l:ikcn pincc live (S) d;iys I;!(cI OVCI  1) SS- 15 (avun~ing
availability) and inf’(wn]s  N! VI[’  ~Ind ttlc pl’ojcct t)f’ lhc sctlcdu [c.

Spdccctal’[ conlinucs  10 lransllli[  lIIc s;itl)c tncss;Igc  (;~ssLllning n(] chaugc  (II’ sl:itcs  dLII  ing  this

period),

h’lm~itor  Station continues daily m(mi~(wing  nnd reports t“csu!ts tt) hlhl~ (:l$suming  no emmcwus
detection)

MhlC’  lakes no f’ul’lhcr  acti(m cxccp  m’hiving lt]L’ I1lL’SS+!C  and i’ot”w’:irdil~g  it to t}lc pt”ojcct.

On the 511’ day, 1) SS- I 5 ()] iinO(l]CI- 34m stilli(m sends a colnln:md  10 lhc sp;lccctal’~ onc l-oum-tt i[l-
Iigh-lime  (Rrl’l  ,“1’) bcf’(mc  lhc sl:wl of’ the schcdulcd downlink pass ( (N during a [Itc-(lclcllllil]ccl
col]ltllllt}ic:ltioll” window) 10 initi:llc the d(wntink p:iw.

Afict rccciving the uplink colnl)mml,  (Iw sp:icccu:[l’[ s[ops othcl (]t~-gtling  ac[ivitics, il ncccssat”y,  and
starts to dmvnlink :1s inslrudcd.
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(9) The projcc( analyzes lhc data and sends a command,  via:134m sl;ilion,  10 lhc spacccraf’1 10 rcscl its
SLUC [() GRliI;N.

S/C NcM~ 1 )+’  1
L-

l)q’  2 . . . . .
I I .L

. . . . . I I ..~

N() }Ical(l)
}’1’ot)lcm &_k_&__~_L

(i 1’
Needs a[[cn[ ion Y Y

. . . . .
in I wk. -i””” mL1 I 1 1 I

SK’ 1)/1,  dJ(:I, Ol)s TC:IIII  pCI1’OIIII analysii
& (1/1  solution,”  if Imdd

Has dd(il to (i G o ()
dump . . . . .

i _il__JI 1 I I
S K ’  1)/1.  (I:IUI I(1 Mm, Icsct  to

GKI;l;N

Needs allcn[ion LL-&___&-~ . . . . . *-L
itl 2 ddys s/(’  1)/1, dml, op\ -1 C:ll)l :lllilly/c

IIIC do[ti,  IIIKI solute,  & 11/1, to

(No signal)
N() sigil;ll

& Ii

SK’

I ~.: . . . . . l,,~..L
\’;llid:ltC  g[(llllld  C[lUillIllCll[, SCtll  Ltl t(ll 1)/1 \Vi(h

34111/70111,,..  idculil’y plot)lclll :Illd lc(’t~vct.

lYI ,=downlink; (1/1 ,=uplink; S/[ ’=sp:iccctalI

‘1’hc major Clcmcnts as
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‘1’[lc MMC is simply a conlpu(ct  or a soj’lwwm p:lcka:c tcsiditlg it] an cxis(ing suhsys(cil]  such as the N[’P.
‘lhc N}’}’ and I)SN 34111 or 70111  amctIn:Is  ~Itc cxis[ing  cqui[]tllctll,

‘Ilw g(ml of’ ol)-lxmtcl  cl:ila sLlt]It]l:lri7ztliot]  is 10 pt(lviclc  n[issi(m  (Ipci  ~lt(ws  \vitl~ c(mcisc  sLlnlm:wics  of

spdccct:il(  hc;illh al titncs when lrdcking  is rcquilcd,  Ilngincci iug  A(:L clldnncls :wc :dilptivcly  pl-i(mili?cd
and s[(wcd tlctwccn [rack Pclio(ls. Wllcn a downlink pnss is ini(i:ll  ccl, cI;I[:I Wansl’et” t(l (Ilc  gl<mn(l  proccc(ls

in Ptiot  i[y (wcicr. “1’t]c clcsigt] is easily scdlcal)lc  10 ;IL’c(JJlt  IIIOCiiIlc  cllongcs  it)  clo\\,nlit]k tmndwidlh
Ihrough(m[  (IIc mission lilnclinc.
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Ik’tu’tl’d
Img &

ancillar}

11:11;1

1 1

l;igurc 4. Monitor  Sta[ion  Block I)iagtm

Ic)w-cosl Illissions.  1( is highly dcsilablc t’or (he
Simaling  ancl.llslcclitm  Schctncs- ——.—
‘Ihc monilorit~g sys(cln  is designed to suppor[  i’Ll[Llrc  small,
nlonilo]ing syslcm 10 achicvc a low dckxtion Ihrcshold  S(J tha( i( can suppotl disldnt spacecl aii, or relax lhc
spacecra{l an(cnna pointing rcquitcmcn[,  ‘1’hc g(ml is to reliably dclcct lhc m(mi(oring  messages with O dll-
llY t()tzil-rccci\ccl-sigt~ :ll-[(J-tl()ise-s[ lcc[r:tl-clct~si(y ratio (1’L/N(J)  using 1000 seconds ot~sct-va[ion time. ‘1’hcsc
missions arc assulncd 10 cmy a Iov+cosl  auxiliary oscilldlor as 8 f’tcqLIct]cy  soul”cc, instcacl  of’ a mote

cxpcnsivc,  ultr+slablc  oscillator. ‘1’hc dow,nlink f’qucncy  dctivcd f’r{)m  an auxiliary oscillatm is not
pmiscly knowm duc 10 Ircqucncy dril’(s caused by omtxmld tcmpcm(urc vmiations, aging, d uncomctd
residual ])opplcr i’rcq LIcncy.  In addition, the downlink f’tcqucncy  also exhibits stlorl-tcm  dlitl and phase
noise.  All of these afkt the sclcc[ion of’ signalimg  d dctccti(m schcmcs MC1 conlplica(c  the design of’ Ihc
signal  dclcc[or.

I:igute 5 gives an example of’ Ihc f’rcqucncy  drill and shol[-tcrlll random fluclu;ltion  of” the 111: signal dctivcd
f’I”om an :mxi[iary  oscii[atot’.  As indicatd,  (k dow’nlillk signal cxhihils bolh f’t’cqucnq’  dt’ifl at)d random
fiuduation.  similat” ft’cqucncy  dt’i[’t and i’rquct)cy’  jitlct”s w L’xpccld f’ot”  the S1)S’1’. Assuming lhal the oi)-
h(wd tcmpctatutc  can bc m:tin[aind  10 within ‘2’) ~ ovci a 24 hours  pcl”iod,  [he dovmlink l’qucncy derived
i’lonl  a S1)S’1’  lypc oscillator  is cxpcc[d  10 have lhc I’ollowing  chmc(cris[ics:

Initial f’rqLlcncy unccr(ainty: 2 k117
Maximum drill MC: ().()5 117/s
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G i l .  Aux. OSC,  t;ttqLICIICy vs I’IIIICJ (ii,  IIICaSLIt  L4 ill Ti)l., 3/1/9 (,)

GLL Aux, Osc. Frequency vs. Time (measured in TDL, 3/1/96)
with mean removed (400.1 -800.1 see)

N 8
I
56
cCl34
g
L2

o

1 601 1201 1801 2401 3001 3601

Time (0, 1 see/unit)

GLL Aux. Osc. Freq. vs. Time (measured in TDL, 3/1/96)

with linear drift removed(400.1 -800,1 see)

-d7-~A
1201 1801 2401 3001 3601

Time (0.1 see/unit)

Iigurc  5. Galileo Auxiliary Oscilla(ot- I~Icqucncy  \Js, ‘1’imc (:IS nmasurcd  in ‘1’[)],,  3/1/96)

‘1’v,JO signalit]g schcmcs  [Iml  can ruddily I>c  sLIpp(H [cd l>y Ihc S1)S’1’ can hc upplicd  t{) gcnct atc a signal SC( 10
Icprcscnt  (he fbur mouitor messages: traditional t>il-hasc(t lI1)SK signets or l{)nc-h:isd  signals. ~ohct’cnl
dc(cct ion of’ 111’,SK  signals and nor~-cohcrcn(  dc[cc [ion of (ones I]avc both been considcrd  1’01 Spaccct-al’l
moni(olinx application. III the ptcscncc  of” unknown  l’qucncy and unknown plmsc, the nomcdlctent
schcn)e ot’leis a lower dclcc(ion lhrcshold lot- very low d:d:l rd(c applicidion ( c,g, 1(J  dctccl onc 014 possihlc
IIlessagcs  wittl 1000 seconds of’ dctcdion  tinw).  ‘1’his is tmcausc that (he cx)hcrcn( schcmc  mquircs  an
accuru(c  cslima (ion of’ lhc unlcn own p;mllnclcm  (Ix)(h  f’qucncy  and phase). ‘1’0 obtain an ac’cum[c cstima(c,
it WJOLIIC1  ]equilc an integration lilnc cqu:i] (0 lhc signnl dclcclion lilnc ( I 000” seconds), 01 equivalently il
would  rcclLtirc tt~c  @:Lsc-locKccl  loop”  txlndwid(h  bc n:wlcmd  ((~ ().()() I 117. ‘1’his is not possible duc (0 the
lrcqLIcncy  insldbi[i(y  of’ l[IC m(mi((winy  sign;il.  A more (Iclai]c(i  clisc’L[ssi(m can tw f’OLInCl  in [2],

A lone-tmscd signal  SIILICIU1’C  is stI()\vn  in t; IgLIt”C  6. ]iactl tlwss:IgL’  is I’cpl”cscntcd by :1 Ixiir’  of’10IICS ccnlcrcd

;lbo Ll( thC C: Ll”l”i  C1. ‘] ’tlCSC tol)CS ;I1’C ~CllCi’ll(CCl  t)y l)tl:lSC-  lllo([Llltl[ill~  [tl C ~}; Cill’1”i C’1’ tl~ :1 S(]LIWC\V:l\’C  SLlhC:Llli CT

using 90 clcgfccs  m(dula(ion anglr. ‘1’hc cwrict (~, ) is cOtllplc(cly supplcssd.  ‘1’hc  resulting d(wnlink
SJ)CCh’Lllll  L’ollSi S(S of” [OIICS  [it  ()([(t  111 Lll(i[)l CS of” (tl C SLlt)C:lll”iCl  [’l”C(l LICIK’~  ;lbo\’C :N)(i tlClo\\” ([W CWliC1.  ‘1’t)C

I]igl)cl Imt-lnonics  [Ilc  ign(mc(l;  Only ttlc tones al tllc  f’LllKiillllCl)tdi  f’lC(lLICIK’y al”c LISCd to I“cpl’csenl ttlc
Iranslnit[cd mcssngc. lJOIII  pairs  01” (OIICS arc nccdd; (Illc  li)l  cart) of” ltlc  IOLII” possit>le lllCSS:i~CS. While (IIC
S1)S’1’  can gcncratc  a wide r:in.gc 01’ sutw:wricr  Imqucncy. instahilily of” tile downlink signdl,  si~nal
orltlogot]tlli(~~,  and dclcc (or cmnplcxily  (ogclhct c(mslr~iltl (IIC  sclcc lion of” suhcawicr  Ircqucncy. l;ot the
1)S ] expel imcn(,  ttlc f’OLIr sLltK:lll  icr’ ~rcqLlcllc’ics (~l,~2,~J  , an([~4  ) :II”C 20, 25, so,  and  35 k}]z.  l)i[[CICl]l

SC(S 01 f’rc(l LIcncy can  t)c USC(I  I’(w (Ii f’1’crcnt  lnissi(ms.
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u
l;igutc 6. Sigml SIIUCIUIC

11 is the f’rqucncy  ut]cct Min(y  (2 k} 17,),
II’, is (hc c:lt-rici I’rcqucncy, and

l“i is Illc  i’” subcatricl 11’cqllcncy.

}’LY[’OI”IUWY  cotlnllal’~on;”  [;otlctcl~(l~l_’~K \LS=_N()!l:C<)t]QI:<~)l  :[(IIJCS

I;igurc  7 shows the pcrlhrmancc  oi’ cohcrcn(  dc(cction 01’ 111’SK  signals :tnd n(m-cohct-cnt dc[cction o(”
(nlllOgOnnl tone pairs as a i’unc(i(m  01’ inlcgrafion Iitnc (sign:ll dctcc(ion lin]c),  LIIldcr lhc condition tha( the
lrcqucncy  drifi is roughly linear ot quadratic  nnd the ini(i:ll l’tcqucncy unccr(ain(y  is kvi[hin  2 KIIY,.  LJndcI
(hiS  Colldl(ioll,  ” 11011-COIICI”CI)(”  &lcY(ioll  of” ol’(hogol)lll  Iol]d  pUilS \vOLllCl  lCCIllilC :ltX)Ll( () (11]-}]7  ()[ WNO.

llowc\Jcr, COIICICI)[ clctcc[ion  of” lll)SK sign~ll would  requite 15 dI]-H~ (II’1’[/No with a cnrricr [tacking loop
Ixlndwid(ll SC( a[ a pmctic:[l Iimi( 012 IIz,,  A dcsctiption  of’ II)C rcccivcl S[tLICILIIC and pcrl(mn~it]cc can bc
l(mnd in [2-4].
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l;igutc 7. Required 1’t/No vs. ln(cgr:ltion  ‘1’imc

l;(w a givctl sp:Icccr;IIL  IiII{I’,  lhc 15 d[) (Iltcstlold  adviInhgc  of” (IIC t(~nc-based schcmc allow+ the monitor
sys(cin  10 suppml  a grca(cr  col]}ll]~lllic[itiotls” rongc, (N 10 usc d SIII;IllCI :ItIlcnniI.  ‘Ihc wquircd  spwccml’1
IiIR1’  as a f’unclion 01” lhc m(milor  s(n[ion (VI’  is given in l; IgUIC 8 lot a dckuti(m  litl]c of’ I ()(K)  scc(mds.
While (hc t(mc-based SCIICIIIC  hm a pcrkmmancc :KIVNII(:INC (JVCI  (hc C(IIICICII( B1’SK  sul]ctl]c, other f’act(ws
ho\Ycvcr may af’1’cct  (I1c choice 01” d sign:llillg  and dclcc(it)n  schctllc.
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l:igurc 8. Rcquird spacccriil’1  IiII{l’ vs. ground  shl(ion C;/’l’ I’ot I ()()() seconds si~na[ dclec(ion time

.M[}NI:l’OR  S’1’A’I’ION IM1’1  ,lih41iN’1’A’I:ION AI’I’~[~AC~lIiS
‘1’hc  pcll’OIItlnncc  advanlagc  of” (IIc [(me-hsd SCIICIIIC couplc(t  wi[h lhc low opcraling C(MI 0{ sIIIall sta[ious
:I[3PC:11”  to i’:l\’ol  thC LISC [)1’ a Slllali  :II)[CIII1:I :111([ ttl~ [oil C- baSC(i  SC’tl Clll C. ‘I’tl CSC [K IV:lll@CS  tlo  WCVCl  al’C

coun(cr hnlanuxl  by the initial capital invcs(nlcnls mquitcd 10 implcmcnl  (hc nclv systcm. “1’here arc
prcscn(]y  llll-CC  candidak  illl[)lclllcll(i~tiofl :ippro:~chcs using  dill’cwnl  cotnt)in:llions”  01 an[cntm  and signal
dclcc(ors:

(A) ]Ixis(in: 34111  an[cnnas using cxis[in:  c(hcIcIII  111’SK  lcccivcrs:
‘1’hc  4 monil(win,g  messages ;Itc rcprcsct](cd  Ily I>in:tty bits, wllicll mmlulalc lhc d(mvllink  carlicl
using II I) SK. ‘1’hc In(mi(tw sigilal is rcccivcd by a 34m atltcnna atd cohctcntly dctcctcd by an
cxis(ing rcccivcr.

(B) llxisting 34m an(cnnas with nt)mct)hercnt  t{mc d,~cct{),s:
‘1’hc  f’OLIt-  nwssogcs  arc rc[)tcscn[c(l  I)y lout  puils  01” t(mcs. ‘1’hc ill(mi((~t  signal is rcccivcd by at)
cxistinx 34m antenna and n(mcohcrcntly  dclcctcd by a t(mc dc(cclot.

(c) Ncw sta(i(ms  with SIU:II1  anlct]tlas  (Xm) ad n(m-c(dwrcnl  t~)tlc dc(cc[(}ts:
Similar to Opli(m 11, with a ncw monitor stalion rcpl:kcing the 3411)  atllcnna. ‘l’t[is ()[)[i()n

rcq Llircs [i l:wgc c:ipilal invcslmcn(.

l)cpcn(ling  (m filc[ors  suc[l  as (Ilc availahili(y 01” a 3411) antenna, spaccuraf”[ lill<l’, ond numbcl  01” usct
spxu”ra[l,  (mc of’ the f’oli(win:  will apply:
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l’1/lCil  l’I’liXI’l(t<l  Ml;N’1’

‘1’hc  signal  dclccti(m and illcssagc delivery syslcnl I’(w Bh’loX  is sl)(~wn in [;igutc 9. 1) SS-26 will double as a
Illoni(oring  station as well ;1s [I dclnaml-access sta(i  (m. ‘1’tlc Iwtlcot] message is I’lrsl rcceivcd nt)d dccmtcd by
ltw lnonitorit~g sl:ition in (;olclslonc” and sLllMc(lLmnlly  tmnsl)]i[lc(l  10 lhc  IIIVIOX (cat])  at JI’I. via a sccLItecl

link, sLIcl}  :Ls [IIC NASA Scicncc Intcrnc[.  I)MOX  in (urn lot wwrds  the beacon tncss~lgc (() the 1)S 1 Nlissi(m
Opcra[ions ‘1’cam atd O(IWI  cnd USCIS,  including Ilw I)cn):lnd Access Scheduler, using c:lllail m pagers.
])cpcndins on what mcssngc has been L’c’ccivcd, dif’fkt’cnl ac’tivitics will bc cawicd OLI(  by the BhlOX [C:IIII,

the lkIIIaI~d Access Schcdulcr,  (he Missi(m  Opcm(ions ‘1’cam,  :Itd (IIC INN. If’ the rcccivcd Incssagc is a
Gl<IiI~N message, no action will t:ikc plncc. If’ a l<t~l) nlcssa~c Ims been rcccivcd, the l)cnlat]d Access
Schcdulcr  will schcdulc  a d(nvnlink  track  f’01  (hc dcman(l-dcccss shllion to rcccivc Iclcmc(ry  I’tt)tll ltw
sp:iccctal’[. ‘1’hc SchcdLIlct will no(ily  the Bh40X (cm]) of lhc scllcdulc. llh40X will in lurtl n(][i(y lhc
h4ission  Opct-a(ions ‘1’calll and obloin its app)val 10 c:wIy  011( (hc downlink tmc!i (riggcrcd tly lhc beacon
message, onc t-OLltlct-lril >-ligllt-lilllc prior  10 lhc downlitlk  (tack, a canned comnmnd will bc translnilkxt 10
the spacccttif’[ t>y the dcmnnd-access  sl:~tion  ot- by :inothct 34111  anknna  slati(m  10 ini[ia(c  tlIc  cto\\’nlink 13:Iw.

‘1’t)c (Iownlink tclcmc[ry  will be rcccivcd by (Iw dclnancl-;icecss  station, I’t)mv:wdcd  (0 (I1C Mission Opcralions
‘1’c:itl~ and (IIC BMOX team,  and analymd.
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‘lhc cxpcrimcnt  will s(ar( shor(ly  al’LcI laLlnch of” Ihc 1)S I spacccrall :Ind will Ias( in(o Octc)hct-  1999. Key
technology will hc valida(cd dLli-ing (Iw initial SIMCCCMII  chcck(m( phase. Operational pcrf<mnnncc  and C(N(
hcncf’its will hc assessed at (IIC cnd ot lhc cxpct-imcnt. O}wmlional usc during Ihc cx(cndcd mission phase is
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(2) h4. Sii~~()ll, \r. Villlt-()t(cr, A.h4ilc:it~( :~1~(1 S.} Iit~ccli, “optimum S(ti~(cgics I“(w h40ni10rin~  lhc
Opcra(ional Status 0( a SIMcccMl(,“rl’l)AI’rogicssl {cl> OI(42-127,”  N[)\cn~t]cr 15, 1996.
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