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‘1’l[is]):(],cl  rc])(,rlsoll  til]iol])dtcd ills] )cc(ioli  tcclilliql]cs
l)rill~, r(w:+]cl led aIId dcvclo])cvl  f o r  sl]rface ills])m-tic~]l
of rcltlc]tc  s]):icc  ])latfor]]ls. ‘J’IIc Iltlitlllc  ])rol]lctrls  c)f])cr-
fc,rlllirlp,visllal tclcr(~l~c)t  ic. illsl~ccli~)ll ill sl):{c~ ~lr~ i(l~ll-
tificd. A]t illla~,c (liflcrcllcillg ]llctllo(l tc~clctcctcll;+ll~,cs
lc)sllrfaccs over  a  l)rrio(] of lil))c  is }~rcscllld  l(l~,ctllcr
\vitll  a scalwsl):tcc tcclltliquc  for fla~v idclltificatioll, 1’;s-
[IIIIIJICS  fro]l]  i]lmgcs  of lal)orfitory  lImclill])  of sl)ac~  J)lat-
f~)r]ll ]llc)(l lll[s:irc] ]resclitccl tc)illl]str[ttc tllclcslll{s.

‘1’IIc  ~,():il  i s  to dcvclo])  alp,oritll]m and software to CII -
:II)lc tllc alltc)lllatcd  i]ls])cctioll of l{irg,c s])acc siriic-
tllrc sllrfilccs for dalllay,c  ali(l dc$, radatiml.  ‘1’llc olJ-
jcclivc is to l~rocrws scllsor dalir all(l d e t e c t  c r i t i c a l
alloliialics Ijy idc]ltifyitlg  a r e a s  ill tllc i]tlngc  that I}iive
cll:t]l~,ml all{] to tllcl]  idc]]tify tljc f l a w  ]cs]~otlsil]lf  for
[Ilc ctlarl:,c, ‘1’};c  flrrlvs tc) lm i]mljcctcd iliclu(lc (I:I]IJ
ar,f florl]  ]Ilicrc)t]]ctroritcs alJd slI:icc  (Icl)ris;  IIlalclial
(Icp,r:i(l;!tioll  dlIc  to (,x])mulc to lIiollo  :It(jll]ic  OXy~,(,lI,
sol;II lvill(l,  ~l\f ra(li;ltic)ll,  alI(l tll Cri]l  ill cyclill~, cfl(cts;

~,(wtlmtric:il  ]Iiist]latcllcs dt ]lmcllitllic~il illtcrfilct’s; fil]id
(llydr:i7iIlc) leaks; .aT,d tllcrl]]al ri]lo,l,alics. IJctcctio]l is
to ])crf(w]lmd  ulldcr liarsli a]id cll:i]l~,it]:, orl)ital ligl,  t-
illp, cmlditiorls, will(  ltigllly sl~cclllar  IItatcrials altd al a
safe co]lisio]l-  free o])cratio]la] dist:t]lcc.  ‘J’l]c ol)jccti},c
is to aug[iw]lt a lIIIIIIRII o]wrfitor’s itls]~cctio]l  a c t i v i t i e s
and ]Iot IIcccssarily to rc])lacc (110111. AII allt(~l[latc(l
systc]ll WOII](l ill cfl”cct, ]Icrfor]ll  like  a ‘(]llille d e t e c t o r > ’
tlldt could l,escaIiIicd acrc)ss  tlicsurfaccof tllcd,jcct,
Jvitll t]lc filial (Ictcrlllill[lt,icj]l  o f  tllc fl:il$, l)cillg  ]II:ICIC  l)y
tllc o]~crator.

‘J’l Ic ai]n  i s  to Pdcilitatc  ])criodic rc]notc illsl)ectioll
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;iIId IIm]litolilig  o f  sjj:icc strllctllrcs SIICII :is tlIc SIIacc
Stilt i(lll lhwlolll  (SS1”), Usillp, IIlillitllitl  crew l:xt ra \lC-
Iliculi+r Acti\’ity (1’; VA) aII(l ilist  cad r(l~i]]~,  C)II  ml-l )oard
sl]])crvisc(l  rol)(]tic  ca]):il)ility. ‘1’IIc SS1: is a large s]):icc
])latforril \vitll  coIIIj)lcx  IllCCllalli Ciil, cl(ctr ical, tllcrtl]al,
flllid  aIId g:i< i]ltcrfaccs, ;iIId clla])p,illp, sllitc of ilitcrtl~il
and extcr[lal scic]lt, ific cx})crillwlltal aj)]~alatr]s. [)vrr a
30 year (Iwigtl  lifctiltm, oll-(lrllil Illaitltrll:illcc c) fsllcll a
CO II I])ICX, cll:ill~,illg  faci l i ty  rcquilw ]miodic <{s Ivcll as
“011 (Ir’lll:ill(l “  irlsljcctic~rl c<i]):il)ililics.  Altl Iougl  I sul)jcc-
t i~c ‘[cycsoll” (Ilwrvatio]]s dllrill~,  ]IlaIIIICd  crc\v-l;VA
Ivill p,;illl{.r II II ICI I i]])])c)rt;i])( {I; I1:I, tclcrol)otic i]ls])cctio])
ojlcrs I)rccisc  rc])ctitio]l of calil)r:i(cxl  s(llsor ])l:ICCIIICII1

aII(l l~ositiorli]lg,  c]lllallccd  (rloll-visil)lc light) scllsirlg,
(li~,ital sccl  Ic rccordirlp;  and Illi~t Cllillp,,  and g,rcatcr :tll -
tolllatiol[ i]] f l a w  dctcctio]l and calcp,(]rizatioll. (;ost
SiiVillp,S  frol[l  rcdllctiorl irl II;VA t irllcs,  rc]icf f’ro)[l l)orc-
(Iorll arid  filtig LIC alc a l s o  crl:tl)lcd  I)y a~ltorl]:~tcd  ill-
slwctiorl iill(l  tlm]lito~i]i~,  toots. All lIOIIgiI t Ilc ~,rollrlcl-

I)ascd  ccnttrol  of rol)otic dcviccs is IIot cllrrc]ltly ]Jart of
tllc SS1’  I):iscliljc  (lcsi~,ll, tllr Niltioll:ll ,Ierollall(ics :111(1
S[);{cc JI(l]llil)st];itric)rl  (h’ ASA) is illtcrcs(c(l ill ]jclfc)r]ll
itl~, H f(i{<il,ility  stlldy to detcr]lli]lr if flltuic p,rollll(l
l,aw(l I(l(lc,l)otic o])cr:tti(~]ls  c:tli slll,])lfr[l[]lt o]l-l)oar(l
c)l~clali(}]ts.

1.1 IIls])cct)io]l  }’rol)lems

Afuct[ o f  tile existir~g  d a t a  olI t}te cfl”ccts of t)tc sl)acc
cllviroll]llc]lt IIa.s }JcclI cjl)taillcd  fro]ll  tllc ljorlg  l)ura-
tio]l  l;x], osurc l’acilit.y  (1,1)11:1>)  flowtl  I)y N A S A .  ‘1’IIC
1,1)1;1’ s], acccraft was a 10 IIleter 10 IIF,, 6 IIlctcr diallw
tcr, 14 facc(lc  )llc]l-gricls  trLlct(lrccJ ri~fllicll ascricsof Mi
rcctallglllar  trays wcrcusml  tollmllilt cxl)crilllcrltliar(l-
}vdrc. ‘1’tlc sl]acccraft Ivas CXIJ(RC(I to tllc (Ill-orbit S])  FICC

crtvirollrilcllt  f o r  G  y e a r s  at low cart]) orl)it. )’rclirni-
IIhry  (Iata frorll  tllc 1,1)1’;  lI’ .sIjacecraft [1] aIirilyzcs  Inorc
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tlIaII  3 4 , ( ) ( ) ( )  illlIJac(  fcaiurcs rallp,ill:,  ill size frm]l  5.7
)J]illillmtcr  {Iifilt]ctcr  to 0 . 1  lilicrollwlcrs. ‘J’llis data lIas
allmvcd  tl, c drtcrll]iliatic)ll ofllow surfficc c)rie]l(atic)]l  al-
ters tllc rate of sl]rfacc il[la]]ct, flllx rates for lIIalI-lIIadc
aIId ]Iau(ral illtljacts, r a t e  of it)crca.sc  of  S] JCii CC drl~irs,
alId  tllc IImrl)llological features of tllc surface fla\fIs as
a  fllllclic,ll  of tlIc itl)l)aclor  al)d  iill~)tictcd  lllatcritils.

AI1]lOIIF,lI at, t,l)c ])rrscllt til]w, deta i led  SS1’  illsl)cc-

tiol]  rcqltirclnc]lts nave lIot lmlI s])ccificd  (cxcc],t f o r
SS1’ Il(ilil.y  t r a y  cal~lcs),  N A S A  Ilas  cllll)llasizcd tllc
rlccd fc)r illsl~cc(ioll  ill v a r i o u s  clocIIIIwlIts  a!ld  forllllls.
ITor cxal IIl)le, tllc SS1” l’;xtcrllal N!aitltcllallcc ‘l’ask
‘IkIat[[ l’it[iil l{cImrt [2], A] JI)cI}diY l;, slmcifics  IIiglllc}cl
r((lllirclllclltsfc)r tllc illsl)cctioll  of tllc station and s(alcs
that tclcrol, otics should I)c utiliwd to accc)llll)lisll  s~)llm
o f  tlIc  illsl]cctio)l (asks. A IIu]lll)cr  of ca~ldidatc tasks
llal{’ l)cclI idclltificd  l):tscd  oll ol]r itltcracliolls Jvitll cll-
p,iliccrs  at, (lIC Jollttwll Sl)ace  (klllcr altd  variol]s scient-
ists Jvorki]l~  with data fro]]) tllc l,otlp, ])uratioll ]I;xl, o
sllrc l~acilily  (I, I)lI; IF), ‘1’llcsc ilicl(l(lcs  illsl)ccliol[ of (1)
trl]ss sirllt (Ialll;if,cd  }Jy IIlicro  Illctcroids  (2)  clacks ill
s(rllc(llrcs (3) sllicld  arc:i dal II:igc(l l)y  IIlicro  II)ctoroi(ls
( 4 )  tllcrl]lal I)lal,licts, radi:i(ols, m solar l)alIcls  dal II
a~,c{l I)y lrlicro ]Il(tcroids att(l  atolllic oxy:;clt  (f)) l}lcr-
lll:il/lllrclt:!llic:ll illtcrfaccs at, orl)ital ltcj)liicc]llt]l{  Uiiitj
(OI{U) i]lstallatioll sites (6) dc])lq’al,lc ],wcll:illis]])s  fc,r
illcorrcctty ])ositiol)cd la(clics, co]lllcctors,  aII(l  ot}ler
IIwcllallical dcvicm (7) t}lc SSIJ sltllltlc dockillp;  ]Iort
IJcfolc  cac]l  (lockill~; (8)  dalIIa~,(d  flllid alId l)o\vcr  lillcs
ill Iltility  trays (9)  cflbcts of flllid Ic:iks  (JII (J])tics ( 1 0 )
llla~,rlctic  field, I)lasllla f ie lds ,  all(l cotttallli!la!lt 1{’J’~’ls,
wj)ccia]]},  ]Iy(lray,illc  collcclltriltioll, l;or  tc]crol)otic  sor -
facc itls],cct ic,ll of flalvs, (Ictcctioll of illl})ii  Ct feat llrrs ill
lIIC rallf,c of ().2 10 6.() 111111  a])l)Ciirs  to I)C d(l((lllilt  C f o r
safety  IIlollil.orilif;  (Iic  ,$S1”.

A t  lIIC Jc( l’r{)l)lllsiol]  l,al~orato]y  (.JI’1, ), AI A,SJI  Ii;is
~Still)]i  Sll((l  ;I ]{clllolc Sllrf;icc  lllsj)ccti(~ll  l,al)ol:tt{)r~
to (I{vc,l(,])  <il Id (Iclll(,llslrat( tccl  II Iolo~,y  f<)r tcl(r(,l)(,tic
ilts])cctio)l. ‘1’lIc lal~ol atory illtcp,[atm IIijlllil)lllllif)ll,
so]sill~,  :{)1(1  ol)clator iiltclfacc trclltl(llo~,y  ill a sillp,lr
illsl~cctioll  systc]ll and ~)rovidcs  a  siitllllatd sl):icccraft
iill(l  c)rl] ita] li~,l]tillg  II]c)cliul) for (I]c ljclfor)lmllcc of ill-
sljccliofi exlwrillicltts, l)ot]l  allt{)lr]atctl  ;II)(I  ]Il}lllilll  tcl C -

o], Ciiit  C(1.  A ]Iear  real-t illw systclll for flaw dcicct ion
llsitl~  al I ill)ap,c diff’crcllci]lp; ~]l]lrOii  Cll  is cl]rrclltly o])
cra(ioll;{l  a( J]l I, all(l  all<)lvs tllc IIlolli(oril]g  of cllirllg,(+

tc) olil} IIiodu]cs. ‘lilic illsIwctiml SySt  CII-I a l l o w s  tllc
ol~cr:~tor stll]crviscd  sca]lltitlg  of all OI{U sllrface, tllc
dctcctioll of varic)lls  ffaws,  and all arclli~’al/catalc~~,il)g
systcll] tc) track aII(l IJlcjllitc)r flti]v l)ro~,rc,wiol}.  Vari(nls

tccllllolo~,ics  i]) ‘i-dof  arlll colllrol,  l~ase/rol,ot llol,il-

ily ccwrdillaticnl, collisiml  dctcctioll and avoid  allcc, m
l)art of tl)is cfl’brt {illcl  are descril)c(l ill [ 3 ,  4 ] .  llow-

cvcr, tllc c]lll)llasis ill t h i s  l)al)cr is  olI tllc autolllatcd
itlsl)cctioll  corrlIlollcllts o f  tllc systelll. ‘J’lic tcclillology
and }lar(lJvarc/sclftivarc dcvclo))cd at J]’],  is t}lcll to I)c
trallsfcrrd to !I]c NASA JOIIIISOII  SI)acc  (klltcr (J SC)
for slllwcqucllt  irltcgratioll il]to tllr JS(; Sl)acc Statio]l
rol]otics  faci l i t ies .  ‘J’lfo otl]cr i}lsl)cctioll  I)rogra)])s arc
cllrrc]ltly lllidcr~vay  at, h ’  ASA at tllc l<etl]irxly  Sl):icc
(~clltcr. ‘J’lirw  arc tllc .91JIit(lc l{orliafo~  Assctn/J/y ln-
s)~cciio7~  and S’ll?lfl[[  I’ilc /7/s;)[cfiO?/  tfisfis.  ‘J’]ICSC  ill.
s]jcctioll efforts arc IIowcv(r tcrrcs(riai a]]])licatiolls a]ld

do ]Iot ltavc  (0 colltc]ld \vitll  solm of tllc utliquc  feature.s
of ljcrfortllitl~,  illsl~cctioll  o])cratiolls ill sl)acc.

2 1  ns])cct}ion ‘J’ccllnica]  ISSIICS

Alltolllatc(l visllal ittsl~cctic)tl  i s  ~vidcly l]scd  ill itldl)s
t r i a l  IIlallllfactllrillg f o r  ]Jrodllct  i]lsl)ccti(~ll  for  fllrlc-
tiolial and cosllmlic cfl’ccts  [b, c]. A IIlllll}]cr of trcll -
IIical  aTI(l oj)cratimlal issllcs ])rovi(lc  Illliquc tccllllical
ClliillCllf,CS lCJ tclcrol~otic illsl)cctio!l c)f s})acc ]]latforli)s,
\\’( l)li(fly d(sclil)c tllwc issllcs alI[l dcscril)c IION  tlIcy

illll~act  tllr iltl~ip,ill~, llal(lwalc and cxl}clilllulltal  sct~l}).

1 .  %)lar  illullli!latic)ll at, ]Icar  car(ll Ort)it  i s  aj}j,roxi-

IIlatcly I:{ I,(KIO lux. ‘J’ltc almlIcc of atIlm])llcric
(lis~)crsioll  Icsults ill slIa(lmvcd  rc~,iolls  tliat tctld
to I)c wry dark. III (lie lal)ora!ory, sirlllllat(d so

lar illlllltillatioll  a! alll)roxilll:itr]y 10 l)crccllt oftl!c
trltc s(,lfir  illtctlsity is Ilsc(l ill tllc interests of lllilli-
)lli7ill~, tllc safety r isks  assoicatcd witli Itigll  lmvcr
lif,llts. As a coIIscq\IcIIcc, tllc colltrol]cd illllil)ill:l-
tiofl  (Ilat is uliliml ill tl]c lal)oriitory ]IIi]st  a l s o
I,($ sillliliilly  sC:tl C(l (I CI}YII. ‘1’IIc allll)ir}tt  liy,l]t i s
]Jrovidc(l  usi[lp, a I?()()\\Jj  TJ60():I  400A’”, a(ljustal)lc-
f(,clls  Illxjiic 170(1  Ia]l)]) aII(l I,r(,(lIIccs  lli~,ll COII
trast l)(l\v(ctI sl]adow(x]  all{] l i t  sl]rfaccs.

Y, Solar illlllliilliltio]l at, low cart]l oll}itl wtrics as (Ilc
sl):icccraft traverses its orl)it OIICC  wcry 60 W Illill-
utcs. l]) tllc laljoratory, t h i s  variatic~l)  ill orl)ital
li~,l,tit,  g: is sillilllatcd l)y ]llo~l]ltitlg  tllc cml~ital Iigllt
sollrcc o]] a  ltlovilig I)latforlll  uitll colltl)utcr cc)lb
trolld trattsl:itiort, I>alt, tilt afl(l illtcljsity col)trols.
As tllc translating lig}lt sollrcc is 0]1 a strai~,llt  tract
a])d liot a cllrl’cd  t r a c k ,  tllc focus/ illtcl)sity co-
tro]s allolvs  for (lie collll]cllsatio!l  of tflc diikrcllt
distarlccs I)ctwccll tllc lalil])  and illc ol)jcc! l~cill~,
illsl]cctcd.



3. l’owcr  l,udr,cts I,ci]lg  li]lti(cd olI sj,acccraft, o]l-
orl)it co]ltroliml illlllltiltirtic~li  i s  of lirltitcd ]Iowcr
aIId lIct Ice tllc ol)tioll o f  using I)rip,llt controlled
liglltillp;  to m’er])mwr illc so]:ir  illul[lirlatioll  is }~re-
Clll(lc(l. l’Xlccti\’cly,  tllc lip,llt lcw]s ljrovidcd I,y
llIC co]ltro]lcd illlllllillatms at tile surfrrcc  of illtcr-
cst ~vill I)c at or I)clow  tllc Icvcl of tlIc  alld)icllt sol fir
illlllllillatioll. ‘J’lIc illl])fict  of this is cs])ccially great
o]] :iIIy SCIICIIIC dcsigllcd to colll]wllsatc for tltc vari-
al)ilily ill tllc allll)icrlt  ligltt .a.s \\’ill I)c disc\ lsscd iii
Scctioll xx. III tltc lal,oratory, t}vo co]ltrollcd l ights
arc II IOIIIIkl  011 tlIf7  ctl(l-])oillt  of tltc IIlalli]jlllator
arlll to I)rovidc  tllc c l o s e - u l )  illu]l)illatioll  and (0
liF)llt cticloscd or slIado\Ycd  rcF,iolls.  A  str(~l)c  il-
IIll]litlator with tlic salttc total li~,ltt citcrg~ front
xxxx  c(~rl), i s  ah avail  aljlc :it tlic rII(l  of llIr  II I:i-

rli])lll;ilor  rirlll.  l,iglttillg;  iIllglc  earl  l)c a(ljllstd f o r
(Ii fl”rlsc  o r  s})cclllar  1111111 lilliiti[)ll  lvitll  tyl)ical  coil -

figllratio)ls at a  colll]~ro]]lisc  illutllillatio]l  allglc.

4. (htllwr:i l~la(forllls  o]) a lclcrxll)otic.  arlll f o r  sl)ircc
illsl)cclim) llrml  to l~c collll~act  so a s  10 ])roviclr  a
sl)j;ill  col)sm]icllt,  ])acliap,c  for closcw~) illslwctioli  o f
SIlrfii CC,S :illd {i CCCSS (0 IIard  to rcficll  SII(I(S. III acl-
ditio]t to l~cillg C)f slllall size tllc ot]lcr rcqllirrllwll(
f o r  tllc callwras is  (o  IIavc .s1] adrqllatc clytlalllic
rtillgc 10 c]lal~lc tllc ills])cctiotl.  ‘J’llc catll(”ras  Ilscd
ill ollr l:il)oratoly f o r  tllr roi)ot arln IImlllltd itl -
sl~cctio]l  arc l’all;twllic (z’]’ Ii’,$] ()? l]](~(lcl (;(;1)

illlage sc~lsor  with 682(11)  x  492(V)  ]~ixcls. ‘1’IIc
Ciir JICIi+  ]lCdd  ]l<ts a Jllil.~S () f  IGfl  atJd i s  wry col Jl-
]):ic’t.

fJ. ‘1’llc ilwlmtiolt tarF,cls oftrli illcor])ori]tc s]jcclllar
IIlatcri{tls  and (Ilc  illlage i s  Ilsilally co]ltrrlllitlhled
l~y llip,llli~,llts  irlld slIado\vs.

6. l;rc,sioll  ofs(lrfaccs duc to at otllic  oxy~,cli all(l Illt rii-
l’iolrt Cxl]osllrc  ca]l  cl Ial IF,c tile rcflccti}’ity  of tll{
silrf;icc tl)clcl)y itlcrca.sillF,  lIIC liliclillood  of fill SP
t irp,p,rrs.

7. ‘1’11(2 Ol)jccts tlic’lllsc’l\’cs IIavc c<llll-
])]cx ~{.{liljjcllsic)ll{il  slIa]Ics aiId  do Ilc)t I)rfwllt a
flat t:irgd for  rasy illlagiIIF;, tllcrcl)y rcquiritlg tlte
dcvck)])lllc]lt of corll])c)]satio)l IIwtllods to rellmvc
distortio]ls.

8. A  \’iiridy of ol~jcct  rr]lcl flrr\v tyl)es IIlllst. I)c accotl  I-
IIl[lddtc’(1.

(1. s]i~]lt,  l){)siti{)llillg  e r r o r s  itl tllc rolwt arlli crirryirlff,

tile illl:igirlg  ]}latforll}  rcslllts ill illll)recisc ])ositioll-
illg  of tllc car]tcra.~  wit,]l rcslwct to !Ilc tarF)et.

10. l{q~calcdly  startilig and stoj,])illg a rol)ot arlll to
t akc  illla~,cs  could result ill ullllcccwary ])owcr  cm-
sulil])tic~]l, cxccssivc ol)cratiollal tirllc due to tllc
sCttlillg tilllc o f  !Iic  arlrl, slid illcrc:iscd distur-
l)aIIccs  ill(luccd o n t o  tlte sl)rrcccraft strllctrlrc. It
tllcrcfore Iwco]llcs  dcsiral~lc  to ]Icrforlllillg tlic ilb
s]mc. timl  fro]ll a Co]ltilluiilly  Iimfillx  scl]sor  ]Jlat.
for]]l,  wit]]  lIIC attclIdaIIt ])rol)]cllls  o f  ]Ilc)tio]l I)]ur
all(l illctcascd illll)rccisioll i]) ])latforlll ])ositiollirlg,

3  1  I-J-IagC 1 lifltwcnci]]g  l’or

CIIaIIgc I )ctom:tlion

‘J’IIc lhaselitlc  systcil) u t i l i z e s  arl irllaF,c cor[l]larisort
IIlctllod  that cliccks for diflircllccs llrt\vccli aII earlicv
7(jcTr71r-( illlaF,c of t,llc ulIflawcd  Olljcct  wi(lt  a lat{:r  i!/-
s~){cti07] illl?ig,c of tl)c  ol)jrc( to {Irtrct ali(l locnlizc l)os

sil)le  fla\v rcgiolis. [k)lrl])utcr cmltr(dlcd illulllilliitors
are Iiscd to cotrtlw]tsatc for varial~  ilily ill a]l~l)irllt  ligllt-
i)lg }Vllicll M,ouI(l  otllermisc F,ivc r ise  to  (Ii fl”crcllt sllacl

illg,  IIigllliglltir,p,  allcl sliaclo\vitlg  I)attcrlls ill tllc !rJfT-
.

CT ICC and 2r/s)~rcltot~ ltll:tF,CS. ‘J’IIc tcclllliquc Lakes t}vo
illlagm C:ICII  f o r  t.llc MJC!(TICC al](l illv~{cliotl  illqvj
tllc first  illlllllillatcd c)llly \vitll  tllc al[ll)icllt ligflt ?ilid
tllc sccc,rld illlllrlitlatcxl  with tlic al)ll)imlt  li~,llt a+ \vcll

,.
M tile controlled IIlurlllljators. ‘J’IIc illforlllatiol!  ill tlic
f i r s t  illl;igc  is sul)tr~ictcd frolll tliat ill tltr secor[d  ~,ivilt~
r i s e  10 a colll])cllsatcd  illwgc that a]~]]cars  a-s if it Ivcrc
takclt Ivitll  tllc co]ltrollcd l i g h t s  alc~IIc ill tllc I)rcsc]lce
of MO .aI]ll)icllt illtrlllirl[iti(~ll,  \villl  Ilmvcver  a  lI:ilvil  Ip, of
tile S/N ratio.

III o r d e r  f o r  tllc slll)tractiml rcsu]ts to l)c vali(l,  tlIc
scllsor rcsl)o]lsc (0 t]lc illu]liii]:itioli ]Illlst  I)c lillrar. ‘I’l Ic

(~(~1) rcsl)ollsr i s  c{ilil]ratcd alId  a cc~lllllcllszitic~tl tal Ilc
i s  IISd to co]lvcrt,  tile ]Ior]nfil  sqllarc-root slIa])c(l  rc-
sl~oIIse to :i IIllcar OIIC, I f  strol)r illlllllillatioll  is llti-
liz(d, t})cl] tllc 2 :  1  il)tcrlcavc(l ficl(ls  of (Ilc  CZllllCrii

iillo\f’S  olIc  to ]Icrfor]ll  ilill:t-fral[le slllltractiolt to 01)
taill :{11  arlll)icllt  col]l})clls:ited  (Ijllt  \vitll  lo\vvr \rrlical
rcsollltiol)) illlagc. ‘J’llis is  l)rcfcr:il)lc \vl Icl I tllc carm
cra ]Ilatforll] is  ill Itmtic]ll  sillcc it avoids II Ial Iy of”t]lc
I]lisrcp,ist  ratiol) ljrol)lcllw I)etwcrll (I)c arl]l)irl]t  li( aIId
a]ll}]ic]]t })]IIS co]ltro]lcd lit il]m?,cs.

‘I’l Ic cot]l])ariso]l  o f  tllcsc co]llljcl]satcd  ir]];i~,cs i s
lIIllcl I crrsirr ilIal I that o f  tlIc  [Irlcc)rrll)ctlsatccl  i]nages
alId  CaII })c i[l)l)lc)llclltcd ill tlIc fc)r]ll of a silll])lr SU1)
tract iml. IImrcvcr, s l i g h t  diflcrc]lccs ill calllcra ]Ilat  -
forlr]  locations used durinc tllc taki]lg of tllc rtjfic;{cc
aIId ilIspcc/io?I  itlmgcs r e s u l t  ill lllisrcF,istrzitic)]i  of tllc
illta~,cs  aIId co]lt I~licatcs  tllc illragc colll]mrisolr  ])roccss
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i.e. silll})lc  stll)trticticm wil l  g ive  r ise  10 a IIlllllljcr  of

“f~llsc C(l  W’)  it) t IIC i]lqy:s.  A \raricty  of Jvays haVC I)CCII

ill\  ’csti~,atcd  for  correcti]lg this ]I)isrcp, islr:ttic)]l. ‘1’IIC

first illvolvrs idmltify fratrlres ill tlIc 7fJc7tncc illmgr,
cstit[lirtillg  tllcir disl)laccllicllt ill tlIc insp(c~ion  illlaf,e,
aII(l collll)utillp,  a least squ:ire itllagc war}) irlr, irallsfor]ll
to (Icfor]ll  tlIc Z7/<SjWC/iO?I  illmp;e IIrior  to IJcrforllliltp;  tlIe
s(llt{ractioll.  ‘J’IIc sccorl(l  tccl)]liquc utiliw llIC fmlricr
tritllsforlll  of tile row/colll]ll]i  suln of tlIc ill]a~,c ])ix(l
d a t a  to csli IIIatc x-y II]isrcgistraiicu] i=r]Id  uses a sllifl 01)
cratio]l 10 disl~lacc  tlIc ?71sp(c/?on illlagc. IJitlally,  lllor-
l)llolo~,ical  crmio]l o])cratio]ls arc lIscd to rc)]mrc ‘(false
C(I ~,rs” itltro(llicd duc to ally  rcsi(lllal IIlisregis  lr:!tioll.
‘1’llis a])l)roacll  is IIowcver  olIly  Ilscflll  if tlIc  f l a w  l~cillg
sollp,lIt, (Iors  lIo(  get clilllillat(xl  Ily tlIe lll(lrj)ll(~l(}p,icitl
o])cr;il  ions,

‘1’IIc owrall rcslllts of tlIc diflircllcill~, ol)eratiol]s ar(
illllslratcd ill a silll]~lc cxaltI])lr slIcJlvlI ill l)ip,llrc  1 \vllcrr
a  rllissirlp, s c r e w  mi a radidtor assc II Il)ly is lm-atc(l  IIV
rwlll])aritl~,  a  7rJr7cncc  aII(l i71spcr/io!I illliip,cs. ‘1’11(*  (lif-
fcrc],ci}lg  IIlct)lo(l.s  rlllls olI a rcill-till]c  lJiIliiClll)(  i]],a~,(
l)r(,ccssillp,  IIar(lwarc systclII.

111 tllc (Icsigll  of tclcrol)otic visiml  systcllls lwo ]jrillci
l)al factors dcllla]]d careful Cc)llsi(l(riltic)li:  l:irst (llclc is
always a llllltttili-  ill- tlic-lc)()]~ of o])rlat ions. Sccolid, tlic
IIllllliill  o})erritccl  local s i t e  alId  tlIr rclnotc ills])cct  ion
si te ,  w]lcrc t,llc rol)oi ol)cratcs, arc I)llysically SC])iir  Ht(’(1

IJy larg(,  distaltccs. ‘J’JJc first fil~tor  ra]]s f o r  a JO])[)t vi
siotl  syst, clll  (Icsigll  tha t  illcorlwratrx  llIc llr(j]roccssill~;
of illlii~,cs, f o r  disl,lay to tile rcllmtr lIIIIII:iII oJ,clat(,r,
ill SIICII a ll]all]lcr as 10 lli~,llli:,llt  ill)iiflc fcalllrcs a{ “r(l-
el’;iltl S c a l e s > ’ .  ‘1’llis rcqllirclllrlll s((,l IIs frotl]  tlI( fil C’1
that  for H ~ivrll ills] )cclimi tilsli  olIly  a  lilllitc(l rallyj,
[Jf illla~:,  SCillf3S  a r c  rclrvallt [;] to l,,l,lla,, ,)I)S(,V(,S.
l’cm (xal  II])lr,  if tlI( task is to itlsl)(’ct  a sllrfacc for “(1(-
fccis” ;il)[jllt  OIIC ccvttill)clcr ill (Iialllctcr, l)res(ljtillp, aII
illlap,c of llIc scc]Ie  with a f i e l d - o f - v i e w  (1’’(IV) (Ilat is
(*it Ilcr too liirp;(’ ( o f  tlIc  ordrr of lIIct crs) or t 00 SIIIfIll
( o f  tl,c order of l]licrmnctcrs)  will ]Iot ]~rmidc aIIy rcl-
cvallt illforlllatioll 10 tlIQ IIulmrl olwriitor. ‘1’IIc sccor  Id
fiiC~or  c:ills  for tllc cflicie}ll, rel)rcsc]ltatiorl of illmgcs  for
trallslllissioll over  large distallccs.

Witt] a view, to a d d r e s s  lJotll  tlIcse factors  ali(l  to
(n~crcolllc  SOIIJC of tllc illlagc q,istrat ion (Ii fliclllt  ies dc-
scril)c(l ill tllc l)rcl,iolls sectio]ls,  a s ca l e - s l ) a cc [’s] d])
l)roacll  illcorl)ortit,illg a ])yralr)idal rc])rcsclltatioll [{~]
of i]llagcs ]Ias  t)ccll  adol)tcd ill mlr  work. ‘1’IIC ]lriilci-

~Ilcs of tllc scale-sl)zice ali(l  ~)yrarnidal  aI)~)roacllrw  \vill
l)e olltlilld IIcxt, follo\vcd  I)y a (Ictailcd descril)tioll of
olir  alji)roacll,  il!cl~ldirlg  cxal[lllles of our mutts.

Scale-s])ace is  easi ly  ex]~laiiled  ill t}vo dillwllsiolts:
OIIC dillmllsiml ill tliissl~acc is a sl)atial di]ile]lsio]l,  SUCII
as tlI12 sl]at ial distallw IJctwmll  t w o  c(lgel)oiilts. ‘I’l Ic
SCCOI ICI (ortllogolla 1) dilllcrlsiorl  is scale - wllicll  call  take
olic  of t \\w scalar for]ns - i?i 71rl-scfllc  m  otltcr-scfllc. \~i-
sIIal illforllmtiorl is  collstrdilic(l  l~y tllc clloicc  o f  tllcsc

t}io  scalar qualltitirx. ‘J’lIc i]]]lcr-scale is dctcrlniil{ml  l,y
t}lc rcsollitioll lill]it of tlIc  scl]sor (lIlllIIalI-eye, calncra)
alI(l  tile outer-scale is dctcr]l]illcd  I)y tl]c l“o\7 of tllc srll -
sor. IIull)all eyes, for cxfil IIl)lc liavc  aljollt a 1 IIlilllltc c)f

a r c  vislla]  all~,lc resolution :111(1 n 120 (Icgrcc  visual al I-

gle  IIorimlltal lJOV. Cllall~ill~  citllcr olIc of tl)csc scaks
lIy usi)lf:  a ICIIS calt  (Iraslicfilly alter tllc visllal illforll]a-
tio]l  rccordcd :iIId lIcl Icc calt  a l t e r  tllc olltcollle of  aIIy

d(tmtioll fiII(l c l a s s i f i c a t i o n  IJroccss.  As t}lr scale ])a-
rallwtcr is illcrc:+scd  tlIe Sj):it  iill distallcc  l)cL\vccl  I cdg,cs

dccrca.ws (siilcc tllc e d g e s  l~]ur) urlti]  finally at a ]~ar-
ticlllar scale tllc dgcs I)lllr into OIIr  aliolllcr. ‘J’lic k,cus
of tllc tww d~,c l)oil{ts  fc]riilrd  l)y varyi[lp;  tllc s ca l e  ])z{-
rarllctcr i s  kIIC)WII  (ill rcccllt IIlacllirlc  visiorl  rcsc:ircl])
to crc:itc a  useful a]Id rol)l]st  fcatllrc si~,l]aturc,

‘J’lte ‘[j)yralnidai’) a]~])roacll  [9] corlsists of systvll  la-
iciilly  p,cllcr:it  illp, drclcasillp,  resolut”icll] rc]}rcsc]lt  at io]ls
of aII ori~, i[lal itlia~,(,. l’yrallli(ls cal  I l,e ~,tllcr{i(c(l  I,y ci-
tllcr co]l\ol\’illg  Gaussian Iicrllc]s,  }vitll il]crcasillg  vari-
a]lccs a])(l sulj])ort, wit]l  tllc o r i g i n a l  i]lmp,c or I]y cotl -
t’olJi]lg  ti f i x e d  (;al]ssia]l Iicr]lcl  !vitll  tllc ori[:i]lal iril
a~,c f i r s t ,  aiId  tllcll }vitll tllc rcsllltitl~,  COIIVOIYI{I  illl-
ages ‘J’IIc la t ter  a])])roacll  is atlo~)tr(l  ill our \rork, \vitll
a  fixc(l se])aral)]c CJ X b kcr]lcl  I)cillg  llsrd. ‘1’IIc (;aw
siarl  kcrllc]  adc)})tcd IIa.s I)illollli:il  co(,flicicllts al(-)lIg,  a

“[1’41:’4’1]].  At tl]c  ])aSCsel)arirl)lc (Iircctioll ~,i\,cli l)y -
of S(]CII (Jallssiall IJyralllids i s  tllc ori~, ittat  ir(ia~,c ((k-
llotc(l  lIy (1’(1)  altd at i t s  a])cx  i s  a sill~,l(’-l~ixel i]r]a~,c
({I’,,) lvl)icl, rcl,lcsc]lts tlIc ‘(l,ItalI” l)rip,lltll(s<  awoci -
atc(l }Vitll 111(,  clllirc original  illliip,(}.  l;v(ly illtcrl]wdi  -
atc lCICI ill a (~allssialt IJyrallti(]  p,c)ili~,  fro]]) tllc l)iIsc
ul~war(ls  to tllc ii])CX, co]ltaills  IllC;ill-Vill(l  CS of larp,cr
alI(l larger slll)rc~,iolls  o f  (lie  orig,il)a]  illlii~,e. ‘J’yl)ic;lly
each lc\’cl ill a Gaussia]l ]~yralllid  is (lccitll:itcd  (I)y dis-
cardill~ cwry otilcr r(nv arid  collll  III I of tllc col Iwlvcd
i,[ia~,c) slid IIcr,cc  rcd,]ccd 4  till)cs i], ],ixcl-coullt  llc-
forc  lwitlg  stc)rcd. ‘J’llc reawll f o r  t.]lis dcc.irllatic)li  i s
t))at cacl]  co]jwlutiml  i])trodllcrs a  rcductio]) ill IIigl]
s])atial frcqllcl icy cc)lltc]lt. of tllc ilnagc and thus allcnvs
i]llap,c s~ll).sa)l]])]itlg,  (or (lccilllatioll) lvitllout Ill\lCll lckss

of illforlllatioll,

If ’llilc (Jallssifill l~yrallli(ls  give  II(}isc rcducd  c s t i -
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llliit  CS {If tllc IllCall  ValllC’  a s s o c i a t e d  \villl  iltmgc  slll)-
rc~,iolls,  ill for]natioll ]mhillillg  to allc)tll~r  illlllor~allt
iIIIa  F,C  Sliit  iSti  C -  tllc l)ixcl  ;Iltctlsity  variallcC across  all

iIllii~,C  sul)-rcgicjll -  is IIc)t directly  gi~rf’ll  at ally  lf’~t’l of
llIC l~yrall]id.  l’ixcl illtcllsity variance i s  illl~~ortallt  }~c-
cirl]sc  it is direct.fy relakxl to tllc ]Ircsmlce  ofcdF,cs, arI(l

C(lgI,CS for],, t,]Ic I)asis  c)fsl)atial fc.atllrc  classificatim).  111

tllcory, OIIC SIIOII1(l  d i rec t ly  USC all edge detector (sucil
;Is a l,ill,l:iCiiill  o r  a {~alllly  Cd~,f’ (Ictcctor)  at CaCll ICVCI

o f  tllc (;iill  SSiii  Il ])yrallli(l  tf) (Ictcct e(lgcs,  illslca(l o f
Ilii\’ill/,  to v+tilll:itc  r’dgrw fro~ll ill[ctlsity var iances .  IIut
e d g e  d e t e c t o r s  arc usllally  ulist aljlc ill tl]c  I)resr)lce of
IIoisc  (l, aI~laciall)  or arc c)])tilllal  OIIly with sl~ccific IIoiw
statistics (C;al)l)y is o])till)al it) tile j)rrwllcc Of(jiill  SSi;  ill

IIoist). Ill additiml rdgc dctcctio]l i s  all addc<l collI})ll-
t :i( iollal  over-llcad.

‘J’}l(rc i s  a  clmr? COJllJ)ll  till  iolta]  cqllilalcllt of illc
l,al]laciall rd~,r’ detector, wllic}l OIIC CaII IISP ill ])racticc
to cxtrrrct d~,m fro}n (lallssiall l)yralllids.  ‘1’llis cq~iiv-
atcllt to t lIC J,al~laciarl oj)cr  ator is  t  ltc tlifl;~rclict>-(Jf-
(;illlSSiall  (lk,  (~) (l})~lat O1-. J)o[; ()])rrati()l)s itrr cfl”c)rl -

lr.wsly carrinl out, llsillg~ (Jallssialt })yraltli(ls  l)y slllltract -
ifl~, sllcccssivc levels of tllc C::ill  SSiil Il l~y~allli(l (I)rior to
dccilllittioli). SIICII ])yralllids :ir~ rcf(rrd to as ‘(l,  il})lil  -

Ciilll”  l)yra]llids all(l tllcir ~tll Ir\’(,1 l,i i s  ol)(aillcd Ilsillg
tllr rcla{iollslli]): l,i = I(;i. j -  <Jil, wllcrc tllc til(lc i s
lISCCI  tc) ill(licatc all Ill]dccllll:ttc<l  ll)):i~)c.

5 1  ‘1’ocmlllrc  ;lnd ILcslllts

‘1’0 ljrrforll] tllc alltolllatcd illsI)cctioll t:isk illiwl\itlg
i]lmg(> (lifl’ircllcitl~  for defect dctcclioll and scal(’-sl)acc
l~),r;ilt}itlal ir)la]sis  for defect f(iltllr(’ cxtractic)l), tli{, fc,l-

lolrill~,  ]Ill]lti])llasc i)rocrdurc  i s  sllgp,m+tcd: I’irst crc-
;Il(, ii  ?r’f(?(-ttcc  illla~,e datal~a<r tll:tt call  I)(, <Illcric(l 11s
illf, t  lIC ]Josit iwtal itiforl]iatioli  of tllr rol)ot. cal]l(l:l~,
tllc scc II(, li~,lllil[~, colldiliolis all(l IIIC d a t e  (If illl:l~,f-
Cir]ltl}l  (,, ‘1’lltw rf~cwticc iti]a~,rw  arc (Illtaillc(l  ll~ilt~,
I,c,{ll t]), allll,iclit  afld  col[tr(lllc{l  illlllliilial<)rs.  Nexl
r e c o r d  illlap,cs  at tile dmircd ills]jcctioll sites slid lJcr-
f(mlll illl:i~,c-( lifl’(rcllcillp, (0 detect cllallgcs ill tllc illlilgC-
co]ltcllt.  1+ ’i]lally  Iwrforlll a scale-sI)acc analysis of tile
iiilii~,($  a t  tlic desired rcp,io]ls  of-ill  tcrcst, slid cxtrac(
fcatllrcs to I)c used  ill d e f e c t  cla.ssificatioll. ‘J’l]c ])rocc-
dllrc at irlsI)cctiO1l tilllc i s  tlllls slllnlllari?,cd :1.q  follmvs:
( 1 )  (;a~)t,lrc i,jsycriion il])agcs  IIsi]lg  a]])l)ic])t  and co],-
t r o l l e d  illllllliltatioll. (2)  ol)taill tile ‘[difl’crcllcc i]llage”
a s  f o l l o w s :  (2fi) l:irst credt c a colnpcrlsa(ul TYjf ?r ticc
il])agc  (j{ ~ Ir!C -  Ii!O) a,ld a  colll,,e]]satcd  it,,spcc/io7,

illlagc (1 = 1, -  l.), \vllcrc “]{” (Ie]lot(’s  111(. Irj[l(ll(i

illlagm aIld  “1” dcrto(cs inspcrlion illlagcs. ‘J’ltc sul,-
scri])t.s ‘(a” and “c.” dc]lot.e  liglltirlg conditions f17t~l~ict/(
a r i d  arfit}ietft -i fwimllcd Iigltti]tg, reslwctiwly. ‘1’llc

“ h a t ”  011 1{ and 1 dcllotcs cc)lllj)clls:ltic)ll. (2J) Next
sul~trfict  1’{ frolll  j t o  ol)tai]l tile difi”crmlcc  illltigc  1 )
o f  tile drwircd  ills])cctioll site. (~i) J’ortl[ a  {Jaussia,l
I)yrarllid  [ 9 ]  t o  rcl)rescrlt a givcll  illla~,r  at a range o f

rcsolutiofls  (“irlller-scale”). (4) Givcll  tllc l]llysic.[il size
of tllc defects l~eitlg scarcllcd for ,  se lect  tile IImst  relc-
vallt  ICVCIS  ( s c a l e s )  o f  tfic (;allssi:irl }Jyrii]ili(l. (5) J’cr-
fc,rln irllagc difltrcllcillg at t}le rclcvallt s c a l e s .  (G) Se-
lect catldi(late rcgio]ls of-irltcrcst l)as[d 0 1 1  IIip,llligllts
o f  tllc “(liflcr(’licc-itllfip,c”.  ( 7 )  II;litllillatc tllosc rcgiolls
}vllir-11 arc Ilip,llligl]tcd  for cxtrallrwus rrwmls sucl  I sljcc-
ularitics irl tlIr ori~, illal  illlirp,c or i]ll:ip,c IIiisrcp, istratio]i.
(8)  l’or caclI ‘(defect- rcf,ioll “  idc)ltifird, lwrforlll  cdgc-
dctecti(~ll  afId fcatrlrc cxtractic)ll. (9) I’illally, for c:iclt of
tllr (Icfccts (lc~cctrxl  alI(l idclitifird, }~rrscllt  tllc 111.lrilatl
o]wrator will]  a  l)rol)al)ilistic  estill)atc, I)ascd  irlforllla-
tio]] for])] a l]islorical d:ital)wc, of  tl]c ]mtc]ltial daT1.gcr
]) OSC(I I)y ttlc (I(fcct.

‘I’l Ir al)lllic~itio]l  of tl]c al)ovc  ])rocc(lllrc is illllstratrxl
ill tl)e  colrll)ositc l’ig(trc 2 uliicll lttilizcs a c-ol{~l)illa
tio[l  of tllc  difl’crcllcirlg and scale-sl lace ~i]l]jroacll to
fil](l Illicro IIictcrc}id  da]]lap,c  to ti rlwc-kill, clfa truss as
scIIIIJly  l]mlllltrxl  orljitat rcI)laccltlcllt Itrlits  (O1{U).  ‘1’lic
cm]ll,cllsatr(l i?{.s])ccfion  illlagc i s  ol,taillc(l frolll  1,, (2c)

atl(l lC (?d), aild  tllc collll)elwatr(l  7(jf7f?/Cc  illliip,C  i s

ol)tailid fro)ll  iltla$c I{a (?a) arid  )(, (21)). ‘J’l]c (liffi, r-
CIICC illla~,r  l) (1’ig. 9f) c(llltaills  tlic licw itlforlllatioli ill
tllc cotrl})cllsatcd i7/.f]~ccfio!l  irllap)c wil]l  rcsl)cct t o  tllc
COlll]~CllSiltf’(1  7fJ(?f7/c  C itl]a~c. [I]llikc tile il[lap,r:+ ill 1
71!{ h(I?r (l(lIL(7(Il{ly  v$c(l (171 iltcolr(cliy  li7t(fr7i2{d [~(11)

Sf?l.cf)lj find A(IIIC  710i co7r(c/ccf  J(I7 ?Iii<fcgisltcflic))l irl
or(l(,r  to (Iclllollstratc tllc rollilstliws of tlic scale s])acc
flaw recc,p,ljilioll  :il,l)roacll. ‘1’lir ]ICJY illforlll:itioll  ill iill
ap,c 1) tlills Colli(s frolll lIot  orlly (l: II  IIa{I,c  olI tllc sllrfacc
l~llt also fro]]) illlag,~ IIlisrcp,istr:  tti(,lls a]l(l I)oo]ly  cot]]
])ftls:it((l  Sll(Clll  ill  lli~,llli~,llts,

‘J’llc “.sl]l]riou.s” ljip,ljli~)llts nave I,( f i l t e r e d  c,llt or]e
II IcIII()(I tliat wt{s a])]) lie(l to d(’{il  }villl t h i s  ]) IOIJICIIIS
was  t o  cxatllillc  tllc  IJix(,l ilitcllsity l)rofiks o f  tile var-
iolls  rcp,iolls  o f  tlic diflkrcllcc  il]ta~,c. )Tigllrc 32 s)tou,s
j)rofilcs  o f  a  s])ccular ])oirlt  (1’ig, 3!)), a s u r f a c e  (lc-

fcct  (J’ig.3c) a]ld  a rc~,io)l o f  lllisrc~,ist  r:itiorl (1’ig. 3d).
h’oticc  that ttlc j)rofile  cjf tllc dcfmt ltas mily j,ositivc
di(lrrcllccs, v’llcrca.s  tllc ])rofilcs  o f  tllc sl)ccu]ar ]mirlt
arid  tile IIlisrcgistcrcd rcgioll  lla~’c l~ot]l ])ositivc and
Ilcgatii’c difl’crc]lccs.  l’igllrc 2f snows a  slnalt rcgioll  o f
2e it] greater detail. ‘J}llis details sllotv]i  tllc IItiturc tllc
surface dcfcct,s  ulldcr scrutil]y - a S])ottcd  collcctio]l o f
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l)ri~,lll s],ds togcllicr wit])  a rclativc]y large frac(al l i k e
rcp,ic)ll ill tllc lo\vcr  r i g h t  C)f tllc ilnagr’.  ‘J’tlis irll~gc  cc~r-
rcsl)c)]l(ls  10 ii ])llysic[il  outer- scale (lJCJ\T)  of {i})ollt ?Clll

x ? Clll. I f  tllc i]lsj)ectic)ll  task i s  f o r  lCIII sized fc;i-
t))rcs, III(,J} it is  it]j],c,r(allt  t o  elllJ~llii.siYc  I]losc  SJ,ilt ial
frcqllrllcics ill tlIr origii[al difltircrlcc  illla~,c tl]iit cllI-
]Jllay,isc ol,jects of lclrt s i r e . ‘lb  accollllllisli t h i s  cIId,
lIIC diflirctlcc illmgc  l) (Fig. 2c) i s  reJjrcsefltd ill a
(;allssiall I)yralliid, colltaillirlg sllccrssivcly low]) assc(l
vcrsic,ll  of 1 ) .  ‘J’llis is  slIowlI  ill lri~(ilrcs  2g-1.  ‘J’IIc illi-
a~,e !vitll  (lIr7 illllcr-sciilc  II Io9t, distill c{ly disl)layillg,  lct II
siz,cd fcatlircs is  slIowIl  ill l{’igl)rc 71). ()]} cit]lcr sides of
th is  iilmgc  fire a lli~(llcr frcqucllcy  corllellt vcrsioll (l:i{\.
?p,) aIId a  lmvcr  freqllcliccy  vcrsioll (l)i~,. Pi). \? ’llilc
tlIc  I)llysiciil  dillmllsioll of tllc ill]a~,c D  i s  o f  tlIc or-
der of 7!)01{  J~ixcls, (IIC ditnclsio))s of tlIr i]l]agfr }viil]
tllc rclcvmlt scale (I)ig. 211) is c)nly of tllc order of 101<.
(;lcorly  sllo\vitl~  al)oll( a 25 fol(l dccrcasr ill tllc :Illloulit
of j)rc)ccssillp,  required,

IJip,llrc 4 slIo\vs  tllc result of J)crfortllillp,  a (Ual]lly cd~,,c
dctwtioll oll illlagcs at tllc tllrce dcsilal~lc scales cor-
rcsllc)]l(lillg  10 illla~,cs  ill l“ip,llrcs  2g;-i.  lbr caclt  (If tlIc
c(l~~w (Ictcctcd a]Id slIowII  ill ll]c  for])] of rcctallp,lllar
l)(,xrs  ill 111(’ 200111C{l ill]ilgc  SCCII ill tllc  S(co]l(l  c(ll-

ulIIII, {i set of fcatlr]rcs  suc]i  as colll])act IIcss,  clmlgat i(]ll,
c(,ljtroi(l  ]C)Ciiti(Jll,  ratios of I}crillictltcr-tc)  llOlltl(lillp,  I)ox

siw IIaw  }IWII  extracted. ‘1’lIwc  fcall]rc  ui]l for]]] ill

j)llts  tc) fllt(]rc J)attcrll  Classify Ciiii(Jll  scl Icl]]cs. ‘J’11(, ]Iis

t(lg,r’al!w s] Io\vl I 011 t]lc light CO]IIIIIIIS  of tllc ]’i~,llr(  4
SIIOW t]lr II II II  II)CI  of ])ixcls  rcqllirml to rci)rcscll( (Ilc (Iis
l)layd l~oxcd illlagcs. ‘Jllc toJ~ ]Iisto?,rallls s])mvs tllfit
ill ]jicliitl~, tllc d e f e c t s  rrl)ollt  40(10”  ]Iixcls  arc ])r(~ccss(xl.
‘1’IIP  celltcr IIistogrfiltt slIo\vs  tllirt al)ollt 1400” I)ixcls  arc
l,r(,c<,ssc~l. ‘1’llc })otto~ll llistogrdlll  slIo\vs  111:+(  i f  tlie
lil  SJi \vas t 0 CIclcct 1  ClJI siwd IJl{,l) lilir fCat I)rcs  }vl)irll
li(kC’  tllc forth CJf “lloc,k’) lilir fcatllrcs, tllcll jtlsl ;11,011(
200” I)ixcls  arc  required. ‘J’ltis (Icllmtlstratcs fllc  [[ii -
cl I] Icy (Ifsc:ll(.-s]):icc  ])rocvskilt~,.

G htlll’C Work

l:l:i}v  Clil.Ssifi CaliOlt algoritl]ll)s for sl, rcific  JJa}v tyl)m ;irc
l)cillp, itlvcstip,a{cd  as \vcll as (l)c illl])lclrlellt:~tic,ti  of tlic
sctil(~-sl);icc  flii\\, cla, wificr 0]1 t IIC real- t ilnc  s~st  c]tl.  A
IIlore  so])llisticatcd stzitistic:il nlll~roacll  i s  l~cillg ill\’cs
ti~iitd !0 colli])arc ‘(l)cforc)’ [ii,(l “aflcr” i]n:igcs  l~as((l
011  ccrtaill ideas fro]]) irlvaritillt jlllagc IJcrcclltioll. A &
1) s]lwotllill$ algoritllll~ is l~ci]l~ dcvclc)l)cd  \vill I)c l}sed
to col II])cl Isate f o r  v a r i a t i o n s  i]] ol]jccl slIal)c altt] cx-
traci, a sltrfacc tcx(rtrc/fca(rlrc lIIod(,l }vllicll lIIay llIcl  I

l)c c l a s s i f i e d .  hfultisl)cctral dat a ill tl]c forll[ of color
aIId 11{ is also I)cirlg  illcorl)oratcd.

i’ Sllmmaly and c o n c l u s i o n s

A  collll,rcllcllsivc  aIItc)TIIatcd illsl)cctioll  systclll, involvi-
ng (c]cr{)})otic  o])crtitiol]s 011 retlmtc s})acc I]latforll]s

IIAS I,CCII descril)c(l. SJ)ccial  dcsig[l  cotlsidcratic)lls,  tak-
ill~ into acCOll Ilt tll C “]llllll all-i Il-tl  I~-]C)C)J)” IIaturc o f
tclcroldic o~wratiol)s, ])ave  l)cm) usc(l  ill tllc devcky,
)Ilc]lt of (IIC al~,orillllns for surface illsl~cctioll.  l; Xal II-
JIlcs of aj~~)lyili?;  tlIc  al~,ori}lltl]ls  to tl)c ta~k  of autc>
rlitilicalty i;lsl)cctillg ]Ilmlcl  cJrl)it ;tl-rcJ]lacelltert t-l]riits,
llavc I,ccli  I,rovidcd. (;uidclillcs f o r  fllturc mw~k  IIas
I)(’r’l] sll,c+,rstd. ‘J’lic success  of alltolt]atcd ills])cctioll
systclll drwi~,ll  f o r  telcrol]otic o])cral ions  dc])cllds oll a
qllallti(iltil’c ull(lcrstalldillg of tllc joint J1crfc~rlilaIllcc of
r(~l)(jtic Sill) Systcllls all(l  lllllllall-c)l)CriitC)rs.  Ol]r ]csults
]~rovi(lc soII]c initial itlsi~ll( (0 sllclI  l)ciforlllallcc strld-
icw.

A ckl~owlc(l{;ll~c]]fs

‘J’IIc rcscarc]l dcscl-il,rd ill (I, is dc)cIIIrIcIIt wits I,crfc)rlrlcd

at tllc ,lct l’roJ)ulsioll  IJal)oratcrry, (:aliforliiti IIlsli(utc
of ‘1’cc}IIIcIl(~g,y,  ll])(]cr colltrac~ \vit]l  l]Ir’  h’atio]lal  Acro
]l:i\]tics  aII(l  Sj)acc  A(lrl~iilistr:iti{Jrl. ‘J’IIc first alltllor
wwlll(l  also like to acJi II(m’lcd~c slll)j~ort  frolll tllc llcck-
lllall  IIlstitlltc of tllc Califorlli:t  IIlstitlltc c)f’Jk,cllIlolc)g,y.
M’r woIIld a l s o  Iikc to acli IIo\vlc{lge tllc tccllllicfil SU])
])ort  of (;. l{odrigucz,  1). Gci]llcry all(l  hf.  \aTI Nicuw-
Slii(lt,
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