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Abstract

‘J’l  I is ]M1)(:I  dcsoil)(:s  a }myloa(l  systmII  silillllatio])  iltl])lc][)(:]ltc!cl  at . 1 1 ’ 1 ,

as ]EL14  of a coIIII)I’c:lIcII  siv(:  missiml silm]latiol) facility. ~’l]c Im,yload  s,ys-
Ic]ll silnulatjim)  is l(!slmllsil)lc  for ~)rovi(li])g  i}Ic  v i r t u a l  ])]M(:II(:C of a }my -

load  Sysltmn by sil Ilulatil  Ig i t s  1  dlavior  w i t h  rm])mtj  to flight  sof(jwarc,

s]mmxraft Systm)l  :L](:l]itcct[]]c,  al)d ]nissio]]  data  ])ro(lu(:t go Icrailicm.  ‘JIIIC

])uI])os(:  o f  lIIIC virl}ual  ]) Ics(:IICC  is  h mIal)lc  COIICUm!IItf  ]Ilissio])  dcsigll,  ill-

tqyal)icnl,  a])d validatjim]. ‘J’lIc kallsilioll  froll) (11(: virtjld  lmylmd sysk!lri
1)0 a Id ]myload  SyStCIII  i s  tra]ls]mrmttl  to tlIc  rmt o f  tlIc sysLoII.

‘1’11(: fl iglltl  s o f t w a r e  fu]ldjio]l  i])dud(:s  cm Illnullica{lio])  w i t ]  I otlim ])ro-

(:(:ss  mdulcs,  il)sijrun]m)t  U)lItlml,  alId (Ialla lIIa!Iagcl  IlmIt.  ‘J’l  Ic s]hw(m’aft

sysbn arcl]itl(!ctlllm  ful]ct,io])  inclu(lcs  rcsour(:c  col]sll]t)])tioll  ])r(iilc,  O])(H’a-

{Iiol)d  Constlrai]lts,  aIId  b u s  i]llc:rfau:. ‘J’lIc  Ir]issio]l  d a t a  I)rodIId  gc!llmat)ioll

fl]]lctli(ul  illcludcs  taqy:l ])11(:1  IolII(:lla  Ino(ld i]lt(:p;];ttioll, ]:l(lio]Ilct]ic:illy  ac-

cllratfc  sul)-])ixcl-l(wcl  ray  t,raci]lg,  illst,  ru)l](:]lt  Iw])(ms(I  cli:il:~ct,(:]istics  sil]l-

ulatjiol],  aII(l  n)issim)  C]wirolllnc]lt  ilillmct  silnulatlioll.

‘1’IIc  ]myloa(l  systm]]  si]lllllat,im)  s o f t w a r e  cm)sists  of a comma  s7/bs?ys-

tmll,  wllid)  ])crforllls  fliglit sof(lwam  f’ultctliol]s  a]Id si]t)l]latm  I,)I(; Irx])oIIsc

lwllavior  o f  MI instrumcnlt  fcm ]I)issio]l  (lata  ])rodu(:{  g(mmatjioll,  a 7Ji7tud

71 Jodd, wl)idl  sylltll(xiz(:s  radio ]nd)ric  aIId  gco]))dlric  rdatiol)slli])  bct)wcm]

{)l)(!  SUII,  a  targd  lmdy, aIId tllc ])?Lyl(d  systwl) (Iuri]]g  a s])ccificd  ]I)issioll

])(;riod; aIld a  71 Lission  11i,s?Iflli2(/i  ioI/ f,oolrsct,  wllidl  ]nmidcs  mn]ndmlwivc

Ino]]itloring  of tllc  v a r i o u s  as]xxts  of tl)(: dy)]a]))ic  dal,io])sl]i})  aIIIOI)g {II(!

il )stlmln(:])t),  11 I(: s]mux:raft,,  tjl]c  targd ,  aJId  {11(:  ]Ilissiml  c!l)vil’c)l)l]l(!]ltl.



III order io sigl)ifical)tl]y  rducc 111(:  lnissioll life cyc]c frOIII ~mlmal  to Iaullc]l,
tlIc IIlissim) IJ)ascs of dcsigll,  cl(:l’(!lol)lll(~l]t, illtjcglatjimlj  aIId tlcstj Ilccd to Iw
()])tlil[lally coordinatlcd. AI I (xs(:l)tia] (:lcIII(:l  It o f ’  tlI(: coordilla{ioll  is al I integ-
ra t ion  aJI(l ir(!slr (:l)l’ilo)lll]()])t} wl)(m a (I(:sigll col)cc])t  caII 1)(! easily tfcstld for
its ovm all im])ad, a ])rotlotjyl)c  systcll)  CaII 1)(: ()])cratc(l  i]) a rcalistlic IIlissiml
s(:t,t,jllg, aIIC] {]ig]l{,/glollIl(]  soft,tvar(: call l)c i]ltl(!graf)(d  all(l  l)(!ll(:lllllal’l{ (![l.

‘1’11(:  .11’1,  l’ligl)tj Systmn  ‘J’cstl)cd (1’’S’1’) [1] lIas lwclI  working toward ])ro-
vi(lil)~ suc]l an (:~l~~ilol)l[lcllt). ‘1’11(:  1“S’1’  is com])osc(] of five systl(ms: scqu(:lIc(:
I))allagcr, articulation] ali(l attitu(lc  coIItrol systcln (AA(X), Mmn(:l,  ry systclI),
] )()\v(:I’  Syst,cm ,  a{ld ])ayload SySl)OII. l’kl(:lI of 111(:  five systmns  ])rovidcs l)otll
a  Iligl)t Coln])mlcllt  aII(l a  silllulatlioll  CmIII)OIICIIt. ‘J’]](! fli.glli COJll]K)IICIlk  of
1,11(: fiw Systlmns arc il)tcgratl(xl  a s  a flig]d soft)warc  unit, al)(l iJIIC silnulatiol)
coln])ol](u)tls” arc illt(:gratd  as a sul)])mt (:(]llil)ln(vd unit. ‘J’llc illtcgratio)l  is
ill)])l(:lll(:l)tjc(l via ‘J YaIncl  illtlcr-])romss  cc)l)llllll]lic:ltioll l)rotocols [2].

‘1’llis ])a])cr dismlsscs alI i]]tqpatul  a])l)roacll  to sil])l]latji]lg  a  ]my]oad sys-

t(:]ll.  ‘J’llis al)])  roacl) h a s  1)(:(:11 illl])l(:lllcl)tf(:(l  a t ,  tjlI(: l“IJig}ltl Systlt:ll] ‘J’cstl)(!(].
‘1’11(:  l’ayloa(] syst)cln ])rovidcs caIII(:ra  fli~llt softlwarc  IIlodulc, Calllcl’a Sll])])ol’(j
(x]ui])l]l(:llll ]nodulc , aII(l a visualization tloolsd.” ‘III(! calncra  su])])ort,  (xjui])-
lrl(:~)t,  Inodu]c rcquims si]nulatjim) of t,llc calncra systmll IcsIm Isc as wcl] as tllc
(:lwiml)lncl)t t)ll(I camera will obs(nc. ‘J’lIIIs, tllI(: ])ayload SyStlCIII  is (lcscril)c(l
ill 111 IrCX: ])aItlS, tjll(! Va?iml  Wm’ld,  ill(: c(fTrL(!r(i  Sd)sysi(!?n,  al)(l trl)(: Missio7L
\l~,~~l,(l,li~(],t,io~~  ~~)~ls(:t

‘J’]1(: Vir(,?i,cll  ~To71dis  a ])]lysics-l)as(x]  lIIod(:l  sil]lulatiol)  wllicl) dcscril)cs  tjllc
world  wlli(:}]  a ])ayload  Systl(nn will (!IICO1l IILOI”  (Iuril)p; i] II)issioll. Itl ])mvi(lcs ill(!
l):~sis fc)lg(!olll(:t,lic:lllj~ :ill(l l:l(liolll(:tllically :lccllltlil(}l) lissic)ll  clilta])lo(lllct~(!ll-
(:ratliml. ‘J1lIC accuracy  of tlllcsyllljll(:siz(:cl  Irtjssimt data l)roducts is ill)] )orlalltr
tol~tlli(ltltcol)-l)ofllcl  aIId ground data ])roccssillgan(]  all:~l~’sis o])(!lailic)lls. ‘1’lI(!
a c c u r a c y  ill this col)tl(xtl  illll)li(x tl)(! (:olll])ll~j:itioll:ll”  fid(:liily of {II() ligl)t ])atll
tlra(:illg and ])lIOtlOII coulltl illl(:gratlioll  l)as(x] OII tllI(: l)llcllo~l)c]la  IIlo(lcl.

‘1’llc C(HILOYI SId)s?ysk7/L is softjwarc wlli(:ll (: OIlsists  of  a fliglltj lno(lulc and
a  Su])])ort! Illodulc. ‘1’11(:  Iliglltl III()(IuI(:  ilit)crfaccs (colnlllalidillg  arl(l data rc-
tri(wal)  to tjhc il)stlllll~l(:llt)’s d(:ctrmlics  alId to OtllIcr sul)systlcln lIlodul(:s oftll(:
sl)ac(xrafl  flight softlwarc. ‘1’lIc  su])])ort  II Io(lulc  siIIlulatJ(w  ca~ncra  systcl~]  l)c-
IIavior all(l tlllo IIlissioli data  ])ro(lud  gcll(:ratioll  ])rocess illtf(:ractlillg  wii]l tl)(:
Vil(,lla] ~~ro]][].

‘] ’]1(: h]issio?l  ~~i,$?/(lliz(/l,io?L  ~bokcf co]li]n’kcs  gra])]lical uti]i(ics wllic]l  a r c
us(:(l for (lis])layilig  various as])cctls oflllissioll  ()])(ntli()ll  rclcvalltl  to tj]l(: ])ay]oad
Systlcl)l S(!qllcllc(!. ‘J’11(:  dis])lay allows validation of ])ayload s(xpI(mcc (l(:sigIls
(will) Ics])ccf, to spacmraf’tl dy*]amics, atjtitud(!  U)] IijIOl,  a]l(l (Iat)a acquisitliol)),
as  w7c11 as cc)llllllllllicai)ioll of tlllc lnissim) c(nlc(q)tl to a wi(lcr collllllullitly.



2 Virtual World

‘1’llc Virtual World is COIII1)OSUI of two ])arh: a 1)1 ICI IOIIICIIa II I()(Ic1 datal)asc,
aII(l aIl i(lcal world view g(:II(:I’atl(n. Itl i s  iIll})l(!lll(:lltlccl to l)rovidc ~colIld)ri-
dly a n d  la(lic)l]lctlricall~’  accuratl(! lnissio]i data ])mductjs so tlllai tjll(!y cart })c
usd by dcvclopm  of o]l-board algoritll][ls,  as w:]] as grouIId data  syst(vns.

‘J III(: g(wll)otlJic accuracy is (Icfil)c(l as tll)c accuracy of tll(: a])] )amJltj location,
sIIal)(:,  aIId sin o f  tll(: olmmml  Imlics, al)d Illlc I’adiolllctlric  accuracy  rcl)r(!-
s(!llt,s tllc accuracy  of t])c collt,rast and a]m]utc  il)tcl]sil~~  lcvd of t]lc })ixc]s i~l
I)llc silrlula{ld  data lnwluctjs.  ‘

2 .1  l’hcnomcna Mocld D a t a b a s e

‘1’IIc ilhc!ntl  of tJlc l’l)cIloJn(nla  M o d e ]  1 latal)asc  is to (Mal)lisl)  a link to Illc
st,:~t,(:-of-t,ll(:-altj scim}tific  ki)owlcdg(!  (latal)asc so tl])at,  tll(: l)()(ly of klIowl(:(lgc
ol)tlaillc(l  frmn ]nwious  lnissicms  call Ix: ol)timally utilizd for futlurc l])issimls.
‘J’llc Idy of scim~tific kJlmvl(xlg(:  iIIdu(l(:s  ]I](::lsl]I(:]r-l(:I]ts, 1110[1(:1s,  IIyl)otjllcs(w,
ct)c.

1“01 a  givml II]issiol), tll(: woJld i s  I(:])I(wIIt(!(l  l)y tllc sci(!Ilc(: targ(:t l)od-
ics, l)avjgatimla] targ(!t  Lodics, stars,  and tjl]c cw]lic  (:ll\Jilc)lllllcllt. ‘1’l)c  ])l]c-
II OIII(HIOII  o f  a  l)landary lml,y is J“(:])I(:s(:II  t(:(l  j]] tll(: (Iatlalms(:  to ]Il(x:t,  tl]](:  ol)-

s(mmti(mal  l(!vd of ddail;  thus tlhc lcvd of com]dmit, y varies dc])mldillg 0]) Illc
]myload  systjm[l and lnissiml scm]ario. 1+’OJ  (}xam])lc,  a  lmly  IIlay 1)(: dcscrild
sil]ll)ly wit]] a sc!t of orl)itl (:l(m3(:IIts,  av(nagc all)do, a~]d tlri-axia] dli])soid body
slIa])c ])aramctlcrs.  or it, can 1)(: dcscril)(xl ill (lctlail witlll a suJfac(:  texture Illal),
(li~i{)a] clcvatjim]  IIIa]), ]rlatjcrial  co]~l])osit,io]t IJIa]), ct(:.

‘J’]](:  IIlissiml and lwyload systcIn cl(:l)(:ll(l(~llci(’s  arc ](:l)l(~s(!l]tl(:(l  lq’ mnl)]oyillg
a  l]imarcl)ical datalmw st)rudurc. ‘] ’]1(! ])]l(!lIOIll(!Jlfl IllOdC] (]at:l]l~lSC StJ’UCtllN!
col)sistjs  of al] orl)itj dyna]nics ]I)mld, IJlotlolllctric  ]J)odd, geologica l  ]llodd,
aIId atjlnos])l)(:ric  dyI!alnics Inodcl.

●  orbit dyynunk~ m o d e l ‘1’11(:  orbit dynamics of a body is l(:])J(Is(:lIi(:(l
ill S1 ‘ICI! data fm]nat, [3], illv(:llt(!cl at, ~ 1‘1, for aJcllivi Ilg IllissioJl (n’(!Jlts.
‘1’lIc orl)itj dyna]nics file is gcllmatcd l)y lno])agatlillg tlll(! orl)itlal d(!lllmltls,
sml]i-lllajol’  axis, wxx:llt,ricit)y, il]dillatioll,  lollgitjudc of tjllc ascmldirlg ]todc,
argulll(!ld of }m’ia]misl true allo]]laly at a s]m:ificd till)c, al)d gl:l\’jtj:li)ic)J)211
form, ‘J’lJc ol)jc(:t-OJicllt(:(l”  S1 ‘ICI’; lil)rary (()() S1’1(;1’;)  [4] is C]ll])loycd  to
])rolmgat,c  I,llc l)ody st)atl(:  at,  aII arl)itraly  tiII](:  a]]d  to (:()] Il])utl(!  a  Aatliv(l

Stat,(!  fJ’0111  [111 al’] )it,l’al”~’  l’Cf(!l’(!JIC(:  C()()l”(]ill:lt(!  S@(:lll  .

●  J)hdOIIldl’i[:  t-rwdcl ‘1’lIc ])l)ot,ol)lc!tli(: lnodd of a body is rq)resmltlc!d
witlll al] allxdo II]a]) aIId l)l)oto]ll(:tlli(:”  fullctlioll  (Ijallllmt),  IIa])kc,  e t c . ) .
1’01 lmlics wit]) dyllalnic l)]lotoll]c\tlic”  (:l]:ll:~ct(:listics  (sud] a s  a  collla),
tlllc pllotlolllctlric  lnodd  is dcscrild as a fulldio]l  of tilllc  al}d distallcc.

●  f]do,(]i(:d I’lL()(i(!l ‘1’l)c  gcologica]  ]nodd is for tl]c surfidcc Cllalact(:listlics
of’ a solid lmdy, and it is dcscrild with a {Jcxturc ]Ila}), di~itlal dmwtioll



IIIal),  and II IatlCrial  ]Ila]). ‘1’1)(:  I(:xturc lIIa]J is for tlI(: surf  am alldo vari-
at)iol] ill tlllc visil)le Ii’aV(:l(!lIgtjlI laIIgc; t,llc digital (:l(watfioll Ins]) is fol’ tlll(:
s u r f a c e  II(:iglltl varial,ioll fro]]] tllc IIl(XIII (:l(:vatjioll; and tl]l(: II]atl(via]  IIIa])
is for surface Inakrial  Coill]mitioll  al](] (Iistril)utioll.

●  (l,i,Tll,  [).q~)jL(:l’i(:  dJjlW1711,iCS  fldd ‘111](: ])llot(}lll(:tjlic Cll:llflctciistli(:s of a gaseous
l)ocly or tllIC g;asmus  ]mrt, of a l)()(ly (i .(! ., al) at!l Ilos])llcr(! 01’ a (:olnct)ary
(:oIna),  ar(: dcscribd with a  Imly s]mific ltlat(:rial  colIl])(witlioIl  ail(l a
(Iyllalnim lnodd  ]mvi(l(xl  by tlllc scimlc(: (:olllltlullity. ‘J’]](: IIIo(l(d iIlc(qO
rates lmrt,iclc size illforInat,ioll aIId ]JIIasc f’lll)ctioIls  of lllat,(:ria]s, as well
as II(!tl(!l’{)g(:l l(:olls gascolls  St!ruct!llr(!. A g(!Il(:ric  lll(xllal]islIl for illtcgIa{iIlg
alflnos])lluic  stlructur(!  aIJ(l clyJJa JJ]i(x will l)C Im(Hr(:l Icd.

2 . 2  i d e a l  JTTorld View Gcmerator

Afkr cstal)lishil)g tl]c l)llm)ol~lcv]a  datal)asc  of a slmific lI]issio~) world, tllc ol)-
s(:rvat,  io]t scquc IIcc of t,l)c }vorld is si]nl]latfcd i]) t,lvo ]mrl,s: olwrvd vjcw wit,])
aII idml il)stlru IIlmtJ, a~l(l (Iishtim] of tfll(: acquirc!(l \7i(w lry a real illstJru In(vltj.
‘1’1](:  ideal  illstlruln(nlt  siIIlulatioll  illl])li(:s  ]mforlnillg  th(: smI(:  gcll(xatlioll fol-
lmvillg  tll]c calncra  vicwillg gco]nctlry  witlloutl i])trducil]g  tllc ca~nua distortio]l
cl]a]:i(:t)(:list fics.

‘I III(! idea] woI 1[1 vim’ ~cll(!ratli(nl  il]volv(!s ray tlra(:iilg of tllc refl(xtjd solar
(M I(vgy frolI] tlllc ])lallctlary lxxlim  aIld stars. ‘1111(: ray tlIti(:iIlg IIIay 1)(: ]mrfor]llcd
Ilsil)g  Inultji])lc  l’ilJrS fO1’ (!adl ]Jix(!l. ‘J’lIc IlUIIIlm of rays ]XH ])ixd is (l(:t(:rlniIl(xl
lms(!(l ml tl)(! a~la]ysis to lx: a])]) li(!(l to tl)c lIlissioll data ])rodu(:t,s. Alg(nitll~ns
alialyzing tfll(! tjargdf l(xatfi(nls 10 sul)-])ix(:l  accuracy for o])tlica] Ilavigatji(nl  lllay
m]uirc u]) to 1 ()() rays ]m ])ix(:l.

‘J ‘ltc ray t)raci]t g rcqui  m a COIII]  m)lm]si w vi wil)g  g(!OIII(:tJy  lx:tJw(x\J]  t]) c
S])a(x!cl’aft,, mm(!ra,  tlarg(!tl  l)o(li(:s,  SUII,  aIId  s t a r s . III OK](V to silllulatlc tlllc
s]mc(xraft,  lnol,iol] (luring t,llc (x]msum, it is II(x(!ssary to lmrforlll t)l)c r a y
tracing  oftlcll cl Iougl I to ca])turc III(: rolatliw: lllot4ioI)”  lxiw(x:ll  L]l(: s]m(xx:raftl
aII(l t)llc tjarg(!tl  lmly. ‘1’1)(:  results of tll(: ray tracil]g arc illtl(yqatl(xl ov(!r tl](:
(x]muw (Iuratim] to (:onI])ut)(:  tllIC total ladiat)i(nl  arriviljg  at flI(! iIlshIII1(:lltj.
‘J’11(:  il@ratl(xl  ilnagc is r(:fcrr(d to a s  tlll(: zdc(d sccTI,c (illl])lyillg tllI(\ almllc(:
of i~lstru~n(:llt  distortiw)).  It r(:]ncs(ult,s tll(: world t,l I(: illstrummlt S(K:S. A Id
SCC71,C  is t,llm] silnulat(x]  by a])]dyillg tll(: s(vlsitjivilly of tjll(: (I(:t(x:tor  all(l ad(ling
tll(: (Iistlortim]s  frmn t)l]c illstllllll(:l]tl’s (:ll:lla(:tf(:listf  ics with) rcs])cd to ol)ti(:s,
(I(:tlcctlors, (msinic rays, rca(lout logic, aIId (:l(xtjrol)ics.

3  calllcra Sllbsyst)cnl

‘1’IIc Caltl(:ra Sulm@(:lIl  is I(s]mllsil)l(: for (x)IIIIJlaII(l  a])(] (Iatjtl-l]:lll(llil)g of a
]myload systl(:lll clurilkg {)l)s(:l\~:\tJioI1. Itj is d(xigll(xl to su])]mt a virtlla] illstlw-
IIl(:IItj  ]dlasc and a real il]st)rulllcJltl }dlas(:, with IIlillil)lal dIaIIg(!  l)(:tjmr(!(!ll  tfl)(: two
])l)as(:s. ‘J’II(! viltlua]  illstrull]mltl  re.f(:rs to III(: iIlstlrul Il(lIltl Idlavior siIllulatjioll,
wllil(! tjll(~ rea l  illstlrulllcntj  rcf(us to tlllc r(~al d(xtrmli(x aII(l  (I(:t,(xhrs.
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III m(lm to easily trallsitiol}  fmIIl IIIC viItual  illstmlnc~d ])l]asc to tlIc ml] il]-
Stl’lllll(:llt  pllasc, tll]c! caIncIa  flight Softm’al.(:  is iIn])l(!l])cIltc(l  ill two sul)lnodulcs,
il)stlIlllll(:l]  tf-s})(:cifi(:  aIId illsillllll(}l]  t-gcll(:lic. ‘J’11(:  il]st~lllIl(:Ilt-slJccific sulmlod-
ulc is ilrl])l(:lllcl)tl(:(l  for a ml] illstmln(:l)t  to colIt Iol tllc illstlll]ll(:l)tl’s (:l(xtmllics
systlun;  aIId for a  virtual illstlmlll(!llt) to s(91(l data a(:quisitiolk  colIIIIIalIds to
Ill(! SC(!IIC g(!ll(nt)ol’.

‘J’11(:  g(:ll(:ric  subII)o(lul(: ])cIfoIIIIs  il)t(n-])mccss cc)IrllIl~lIlicatioIl  aIId data llaII-
(Ilillg. ‘1’llc Vil’t,llill  ilAjnlIn(:l)t  illt(ufam  slll)lIIo(lul(:  i s  ms])oIlsil)l(:  fOI’ silnulatiIlg

s])aumaft’s  Msoum:  usag(!  during o])(vatlioll  (ill tl(!rII)s  o f  ])owm,  ])us,  aIId  stlor-

fig(:).  l“igurc  1 dcsmil)cs tjllc virtual iIlstmlI)(:llL  ])l]asc aIId  tl]c mal iIlstnllll(:lltl
])]]as(:. ‘1’1](:  (lottc(] liil(: b(!twc(!II  III(: CalII(m  Syst(:lIl  I)ox and tll(: Virtual  World
l)OX ill(li(:at(:s that III(: \TidJual Worl(] siIllulatioll IIIay 1)(: ])lacd il) fmltj  o f  a
ma] camma syst)mn to su])])ortl tlllc illt(:gratioll alId t e s t ,  ])mmss il) tlllc real
il)st)mlnmlt)  ])l)as(:,

3.1 lnstrumcmt  Rcspomc S i m u l a t i o n

‘lll](! I(:s])c)l)sc!/clistloltf iol)” c}lalactl(:listlics of alI illstfIulIl(:ll~l  HI(: l(:])l(:s(:lItc!cl  Witl]l
a s(:tj of ])a IaIIIdj(m  (l(xlibill~ systl(v)l  as])(:ctls as WC]]  as col Il])oIlcIltl as])ds.

●

●

●

●

Syst,(:]]l ] ‘:~]a],)~t,(:lfj

O])tics 1 ‘alam(:tms

1  kt(xtom Amy
(:111 ”l’(! 111

l{;l(xtlollim A/l)

Wav(:l(:llgt])  l{aIIg(:, 1 ‘oillt-S])ma(l l“ullctiol)

A])mtuw six(:, F-llulnl)c]”,  l“()(:al IJ[vlgt!ll

sire, l’ixd sire, 1“1111  ]V(:II} QllalltulIl (: flici(:l)cy,  1 )alk

(:onvcltfu, l{cad IIoisc

‘J’IIc ]mmnctcr sd listd above is tl)c basic d(w:ri])tor  sd Wl)icll al)])lics to all
ilI)agiIlg il)stllllII-)clltls. ll)sl)llllll(:I) tl-s])(:cifi(:  f(mt,ulcs aI(~ d(x(:ril)(xl ill all oxt(:Il(l(:(l
])ara~l)dm.  s(:tl. ‘I’])(: cxtlmld(:(l ])alaln(:tlm  sd ill(:lu(lm dcscri])tlom  for a u x i l i a r y
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F3Cqu(:Ilu!  MalIag(H  aIId tl)c V i s u a l i z a t i o n  ‘J’()()ls(}t

(l(!vic(!s  SU(:II  as a filtl(!r w} I(x:I, l]]inor,  m slIIItt(!I, aIId fw s])ccial  f’mt,uI(Is SUCII
as 1111(: l)loolniIlg feat, urc of’ CC] ) (I(:il(:dors,  s]mcial  l)uqmsc l)uff(m,  (:1,(:.

4 Mission Visualization g’oolscl

‘lllIC l(mlsd cmlsjst,s of’ a Irajccllory  visualificr, s])acc(:raft  art,iculatioIl, alId aIl
illstlrulll(mtj  l“OV window II IaIIag(:I’. ‘J’lIc {l)m(: I’isualiz(:m  aIc s~711(:lllolliz(:c1
~Tia a pa}7]oad  scqll(:])(:(!  IIlallag(:r. ‘1’lIc l)ayload s(xlucIIc(! IIlallag(:r r(miv(’s
rcqu(!stjs f r o m  i,l I(: Illail] scqu(vl(x: I)lal]agw fm data a(x]uisitfioll aII(l fIOIll tjl](:
Art,iculat,ioll aIId ALtii,ud(!  Collt,ro] Syst(HII (AACS)  fol art,ic,ulatioll  o f ’  s o l a r
]xuIc!ls al](l ot,llcr lllovablc ]mrt,s. 11, slll)scril)(:s  t,llc adjicvd s])a(:(wafl,’s  S t a t i c
(],(,sitiol] a,]d at,{itjudc)  fm]n III(! s],accuaf’t  dy]la]~,im si*m~lalOr.  ligurc 2
jllustfratlm tlllc jlltl(!I’-])loc(~ss  lI~(:ssag(~  ])lll)lisll/slll)scl’il)(: r(!latfioIlslli]).

‘J’])(:  tjoo]sctl is }milt, usil)g t,llc C-1 + la~]guagc aII(l ()])(}Illlll~(:Ilt,cJi 31) gra])l]i(:s
lil)rary [5]. ‘1’1)(:  IllissicJll-ill(lcJ) (: Il(l(:ll(:y of tl)(: t(mlsd  is adlicv(xl l)y Icadillg
al] II]issic)l]-s])ccifi(:  i~lforlt]at,ioll  frolll  IIlissiol] (I(xcri])t,ioll  files. All vi(nvs  of a
giv(!ll lmly aI(! based 011 tlll(: saIII(: (latalms(:, l)ut, tll](: siz(: of  tl](! lm(ly ill (red]
vim’ (al) 1)(: scal(x] illclc])cl}(l(:llt,l}~ to adli(:vc tll(’ l)(:st, v isual  Cfk(:t,.

4.1 ‘1’rajcxt,ory Visualizer

‘JII(: trfij(!dory  visualimr  w a s  iIIl])lc:I)l(:I)to(l to ovcrvi(w tfllc Illissiml sccllario
wit]) rcs]ml to tlI(! glolm] r(:lat)iw)slli]) lwtw(wl t,l)c SUII, t,ar~ct ldi(:s, aII(l
s]mcc!(xaft,, as d] as tll IC local r(:lat,iolls]li])  (luril~g a dose a])])road~ to a tar~(:t,
l)ody. ‘1’11(:  visualixat,i(nl requires  Illtil)i])l]l:ltic)ll  of 4- (liIIlcl]sioI]al s])ac(: aII(l
tlilI1(: iI1forIllatioll. A  slla]dlot o f  t,llc t,raj(x:t,ory visualizai,iol) foI t,ll(: Nqi(:ro



l“igurc  3: SIIaIAlOtl of Micro Slm(xx:raft  ‘1’rajcctory  \~isualizai(ioIl

‘J’])(: trajcdory visualizer ]novi(lcs i]lt(nad)ivc  31) codillatc transfm]n,  dy-
IIallli(: mf(m:llc(~ c(mdil)aij(! c.l IaIIg(:, aII(l (lyl)alI)ic stlak! ])m])agatlioll  t)il]](: st(!])
cl IaIIg(:, aII(l ]myloa(] s(x]u(!IIc(: (xxvlt laldi~)g.  ‘J1l I(: 1)001  ac(:(!])ts IIlissioll s])(:cifi(:
illfollllallion via a set of fil(w/III(:ssag(x  oqylltiz(xl  as SIIOWII  l.)dow.

●  ‘1’algct, body

(n’l)it( dyIlalni(:s : tjllc tla]g(:t lw(lJT mbit  is ])l(:colIIJ)lltlc(l  ill a S1 ‘l Cl’;-
forlnatl  file as dcscril)cd  ill tll](:  orl)itj  dyllal]]ics  IIIodcl  ill tfll(:  ])lIcIIOIIl-
(HIa IJlodcl  datjabasc.

-  body sl]a]m : tlllc ldy slIa]N:  is d(xril.d ill two stl(q)s; tll]c fiIStJ st(q)
as a tlri-axia] (!lli]mid,  aIId tlll(: s(:c(HI(l  st(q) as a (li~;itlal dcvatioll  II)a])
ill al) ()])(\IIIII\T(}  IItlC)I fil(: fonnatf, ‘1’IIC  digital cl(wat)iol]  lnal)  Iq)IwwIIls

tll(: l o c a l  a r e a  d(wiatliol]  frmll tll(:  triaxial clli] mid in a ])olygoIIal
11“1(!s1 I .

-  l)[)(ly  {I(!xtllll’(!  : t)ll(’ l)()(ly  sulfacl  all)(do o f  a  giv(!ll  wav(:l(vlgt)]l  raIIg(:

i s  (I(!scrild ill a cylil)(lrica]  II Ia]). ‘1111()  all)(!(lo fil(:  i s  usd WII(:II tl)(:
olmn~at,io])  dist)allc(!  is cl(xw (! IIouglI to rcquim  surface fcatlurc  visu-
alizat,  i(nl.

.  S]mcccraftj

Ilrajcdory  : tlll(:  s])a(x!craft  Ill”ajc(:t!m’y  IIlay 1)(: ])l’(!COII1])lII,( !(I a s  a

Sl)l C1’:-forInat file siIllilar  to Ill]c orl)ilj  (Iyllalllim fil(~ of tlll(~ tar~ct,



ldy. Or tllIC  s]mcccraft stlatjc  (]msitioI1 aIId attlit,u(](:)  IIlay k N:-
c(!iv(xl fmln a s])a(:(uaf[  dyIIaIIIi(:s sil I]ulal)iol] lIIo(lul(: via a ‘1’IaIII(:l
IIl(!ssag(:.

- Sc Illod(!]  : t)ll(! (]cfaultf  s])auuaft,  111()(1(:1  i s  d(wmib(x]  a s  a  siI]l])l(:

glol)c will]] s])mifi(:atiol)  o f  COIOI”  aIId  siz(:. A dctaild  stnlctur(!  IIIay
h i]ltfl  oducd  l)y ])rovidillg  al) ()])(!llllll~[:lltc)l  f i le .

● 1 ~;vcllt,s

visualizat,iol]  coIlt,rol  : tjlIC dyllal)lic  sctfti]lg  o f  tllc  rcfcro)cc  targd))
tli]nc  stm]), alId t)l]c  s]mia]  Illissiml cw!l]ts a rc  ]novidd  v ia  aII mull,

file.
-  ])ayload  SC(]llCIICC  : tl]c data acquisitiml scmlario  during all cllcoulltcr

])criod  is ])marraIIgcd  ill a ])ayload  scqucIIcc  file illdicatfillg  r(!quir(!d
at)tjit)udc  u) IItm)l  alI(l  ])ayload  systl(:IIl  COIItjIol.

4.2 Spacecraft  Art,icu]at,ion

‘J’11(: IIlaill  ol)j(!ctivc  of tll(! s])acccraft alticulatioll  tool  is to visualize tllc s]mc(!-
craf’(l  gcmllctry  duril]g  tJIc lmyload  S(X]U(!II(W, including  tlllc s])acccraftl’s  st(al)il-
itfy, oriclltlatioll  o f  tll]c ])ayload  systlu]l rclat,ivc  to tllc  ~UII, al]d olmllratjiol]  of
tlIc  fidd of view. lJltiII)a(cly,  this too]  will illcor]mratc  structural and tllc!rl)lal
M“cds  olI tllc  ])ayload  scquc IIcc to II)ol]iilor  tlllc illstrulncllt  stjat,c  in v a r i o u s
()])c!]:lijic)ll:]l  (:l]~~ilolilllclltls.

CurmdJy,  a dm(!-u]) vi(w of tll(: s]mc(xIaf’L is ])mvidd ill a s(!lHiIal(: willdolt’,
dis])layillg  at)tlit,udc  Cl IaIIgC) artliculatjiol] of  tfllc  solar ])allds, aIId t)llc  bd]avior
of various IIlovillg ]mrts. ‘1’IIc articulat,io]]  of a ])art is cxj)rcsscd  as a t,llmc
dill]cl]siollal  ]msitlim]  a~]d rotlatliol]  at, a s])ccificd ijilllc. ‘J’llc  s]mcccraft articula-
tio]l window is sj’ll(:l]lollizc:(l  wit]l t411c ijl:~jcctlory  visual  ixatioll  window  and tllc
illstllllll)(:l]tl’s  }“()\~  window  so t,llat a coI]ll)l(:ll(:Ilsil~(:  IIlol]it)orillg  of  s]mccmaft
l)dlavior  CaII be acl)imd.

4 .3  lnstlrumcnt  F(DV V i e w

111 o l d e r  to a])])mciatjc t,l]c il]stlllllll(~llt,’s  viclvillg  gCOIIICilIy  rclat,iw to IIIIC t,ar-
g(!tl IIlotiml  surrmllldill,g  t,llc cxlmsurc  U) IIIIIIaIId,  a  wi(l(:-allgl(:  (:aIn(:ra  wl)i(:]l

(wIltlaills  tfllc actual il]stllll[](:ilt)’s  l“OV is sylltlllcsizcd. ‘J ’11 c field-of-view of cacll
i))dividua]  S(!IISOI is II)arkd  011  t,ll(!  vi(!w(:l  as a ])lo])oltiollall~~ scald Imx. WIICII
a scl Isol’ is ill t,l)c Cx])osurc 111()(1(:,  t,]](: cc)I1’cs])oll(liIlg  fid(l-of-vimv  box iI)di(:at,  (:s
tlll(: (x]msuI(:  ac{im]  l)y l.)lillkillg.

‘J’llis vim’  ])rovid(!s  cflixiivc visualizatio]l  o f  I]lillutlc  cllalIgcs  ill s]mccclaft
stat,c  duril]g  tlllc ]myload  scqucl  Icc cxccut,ioll t,llat,  ar(! lIot Visil)lc froln  t,]lc
s]mcmraft,  artliculatliml  window. ‘J’lIc dev ia t ion  frmI) tll]c  dcsird  st,at,c  duc to
tllc mom i]lcumxl  l)y IIIC Ilavigatiol]  aIId aijtitudc  colhrol systclll  arc a])]) amIll

ill tjllis  wil]dow.

‘1’lIc wide-a l ]g lc  calnc!ra vim is I)artliculal]y  uscfu] WlICII  aII illstlrulncllt, IIas
II]ult,i])l(!  l~’OVsj as i]) tl]c  case  of MICAS  (h~illiat,urc  IIllagillg  Cal]l(!ra  a~ld S]m-



tIoIII(!tm)  [6]. Al ICAS lIas four detectors sllarillg  tlIc SaIIIC o])tics: CC]  )( CIIarg(!-
Coujdcd  1 )cvicc), A1’S(Ac.tivc  1 ‘ixd Scl~soI), U\~ (Llltravio]ct  SI)cctloII~c:tcI),
aIId 1 l{(lllfrad  ~]) CCtlIOIII(:t(:I). ‘1 ‘lIC ficl(l- of-vi(!w of cad} scIIsor IIIa]W tll]c  sky
(Illiqu(!ly,  requiring  s(:l]so~-s])(:(:ifi(:  A ACS CO IIIIO1 to lmillt  h tlIc t,argct.  l“igurc
4 illustmks  tfl](: aligl]ll]ult,  o f  tlll(:  four S(HISOIS  aII(l  tjllc  tja]g(:t lmly ]miIltillg.

‘1’IIc ]my]oad  Sys(fmn  sillmlatiml  dcscrild  il) tlllis  ])a]m ]Ias IWCI1 uti]izcd  ill
su})]mt  of scvcml  ] m)jcc.t,s inc.ludillg  S{adust,,  1 ‘Iut,o  1~’ast-1~’lylry,  h(l imo  S] jacc-
craft, aJI(] NW hlill(:l]llilllI]/l  )S-1. ‘JIIIC IO](! o f  tllc  ])ayload  systmn  IIas lwcl]
IIigll-fiddity  IIlissioll  data ])mduct,  gcllcratiol]  for oll-l)oard  autlollollly  algoritllln
valid  alliol],  ])ayload  scqucIIcc  dcsigll  valid  atliol, a]ld ltlissioIl cmlcc])t  visual iza-
iiol].

III tlIc fut)urc, tlllc ])ayload  systlclll  sillllllat,ioll will lw mtlm]dd to su])~mrt
illslrll~IlcIltj  dcsigl] and clc:~’(:lc)])ltlcl]tf  cflbr[s  IIIOrC direct ly. ‘I1lIC!  cxtmsion  will
a])])ly  to all 1,1 IIcc COm]m IImtlS  of’ Ill IC ]myload  systlon  discussed almvc  Iy ])ur-
sllillg  I,l]c followi~lg  t,hrcc arms:

●  ‘1’argct, l)o[]y Syllt,]lcsis lluild  a  c(~lll]~lc:llc!llsi~~c  and Illllltli-l(:sollltlioll”
tlill’~(!t 1)0(1~ ])ll(!llolll(!lla  1110(1(}1 [latal.)tlS(! for al] (! fli(:i(:llt  illtcgratlio]l  of t,l]c

clltlirc  body of  stlatl(:-c)f-ijll(:-altj  scim]tific  kIIowlcdgc. lml)lcil]clltl a rcal-
tlil]lc  lIIodcl silnulatjiml  OII a lnassivdl’  ]mrallc]  arcllitmturc  (10 su])]mt al]
cIld-tjo-cnd  missim)  silllulatioll.

●  l~lt,crfac(: dcsigIl IIlf]ilst,lllct,lll(: 1 )(:sigl)/(l(:l’(:lc)]  )Itlc:l)tl of a ullivcrsa]  clcc-



l“igul’(!  5:

tlro])ics

‘1’argct, Asteroid lIIIagc  Acquiml  lrj tl]c CC]) Sc!]]sor of NJ] CAS

fralllmwlk for il]tcgratillg  valiolls dctt!ct,ors  so t,]]ai, tllc  dct,cct,ors’

●

])crforlnallcc call 1.)(!  t,cstlcd  al]d (:alil)Iatd  r ead i ly .  ‘J’l]c clcct,rollics  fralnw
work  will i]lcludc  illstlll~l)(:ll  tl-l(!sicl(:llt  ])roccssor  arcllit,cct,urc  for .sTILa7”i,  ill-
sl,l’u Ill(!Iltl  (I(:sigll  .

1 ‘ayload  Scqucllcc  dc!sig]i  :llcllit,(:ct,lllc! Adal)tatim]  of advaIIcd 31) gla])lI-
ics al)d virtual malitly tdIIIology  fol  tjl]c  dcsig]l of illstlrul[)cllt,  s(, ruct,urc
al]d :lltli(:lll:ltlioll  a]ld for tjllc d(!sigll  of’ ]myload  syst)(!l]l  olm+lt,  imlal  sc(:l IaI-

ios.
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