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Abstract. The Planetary Data System Imaging Node
maintains and distributes the archives of planetary
image data acquired from NASA’s flight projects with
the primary goal of enabling the science community to
perform image processing and analysis on the data.
The Node provides direct and easy access to the digital
image archives through wide distribution of the data
on CD-ROM media and on-line remote-access tools
by way of Internet services. The Node provides digital
image processing tools and the expertise and guidance
necessary to understand the image collections. The data
collections, now approaching one tembyte  in volume,
provide a foundation for remote sensing studies for
virtually all the planetary systems in our solar system
(except for Pluto). The Node is responsible for restor-
ing data sets from past missions in danger of being lost.
The Node works with active flight projects to assist in
the creation of their archive products and to ensure
that their products and data catalogs become an inte-
{~rt~l part of the Node’s data collections.\-

1. Introduction
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at the N’ode, now approaching a terabyte  in volume, pro-
vide a foundation for remote sensing research for virtually
all the planetary systems in our solar system (except for
Pluto), The image data sets available throligh  the Node,
summarized in Table 1. include data from NASA’s Mari-
wr 9 and 10, l~ikittg, }I())q’r, Af(tqtIllatI,  a n d  G a l i l e o
missions and from the joint Department of Defense and
NASA C/et}  wtl[it/e mission. Futur-e  data sets to be incor-
porated by the Node tvill come from NASA’s Galileo
(observa t ions of the Jotian system), Al({r.r  Pa/l!/itder.
(’a.ssitri.  and Atar.s .$l(r~c.tor missions.

Imaging Node activities can bc divided into three cat-
egories : user services, d~lta restoration, and mission inter-
face work. To support Lrser seri ices, the Node distributes
mission data products to the community, provides soft-
wwrc capabilities to process the clata, performs special pro-
cessing requests, and provides search and retrieval cata-
logs for the Node’s archi~es of image data products. The
No(ic has taken  advantage of recent :idvances in Internet
serx, ices, such as World Wide Weh (WWW) browwrs,  to
provicie remote access to the data collections (SW Section
4), In the last 5 years since 1990 the Node has proccsseci
more than i~~() data requests and has distributed mor’c
than 5 terabytes  of image ciata on C[)  and magnetic  tape
mulia  and  electronic trans[cr  ovtr the Internet. Since tlw
Node’s lntcrnet  serkic’es bccamc akailablc  on-line in 1995.
more than 3500” people from -lL) count  l-ics h;tvc usecl the
services.

l’hc Imaging Node Il:ls participated in restoration
act i ti t it’s (t~r t hc J ‘iLi/l,q a nd I “() lqo<’r ima:c da t a sets.
f’lior lo the rcst{)rati(~n  cllorts.  th~w d;lt:t sets were org:Ln-
id ;tnd st(~rcd on 9-tr:lck  tape r]lcdi;l Lfith access  av:lilahlc
t~n[v [(~ a wlcc’t fLWV  N/\S,-\-sLlp[>~>rtccl scientists. I’hc d:ll;l
were st<]rcd it] fc)rmats u n i q u e  to L’:IL.11 miwi<>n l~ith no
\()[’[\\ilrC  [(X)IS  d\;ll[;lblC  [() llC’L’C\\  [hC Llil(il.  f\s d r~su[t
01” tllc  rcst~~ration  C1l’(lr[s  for thcw dal:i sets. LIlc NLxlc
pr~xiuccd (’[)-ROM l~~lumc sets f{~r wide dis[rlbuti(>rl  to
lhc sci~’nc’c cx)mnlunit!. SL)fl\farc tt)ols for aL’LLsss  10 t h e
d;lta  aIId simple Inl:lyc display pr{)gr:lm~ th:i[ opcra[c  on
1’(’ [) OS. hl:lcin{{)sb.  iIIId Sun (~h!l~  \>~(L’l]l\  :IL-’c(~mp:Iny
the :Ircl)iici. ‘,
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[r<[nst’cr (ll”(hc  mission software is made easier (see  Sccti{)n
44 for processing capabilities)

‘1’hc Imaging Ncdc  facilities arc Icutcd ;t[ the Hrancb
~)t’ As[rogcology or tbc U.S. GcL~logIcal  Survey  ( USCJS)
,IIId  at the Science [)ata  I’rtwcssing  Systems Sccti~Jn 01
[hc Jet f’repulsion Laboratory (J PL, ), l’hc USGS “Sub-
N(dc” provides the overall kxicrship and acts as the
primary conlact  Ior potential users. The J1’1. Sub-Node
serves as the primary intcrt’ace to the active NASA plan-
c[ary night projects rnanagcd by JPL and Icads thcdevel-
~~p[nent  of the Node’s remote-access on-line services.
.-ldditiomrlly,  the Node maintains an SAR Processing
Sub-Node, located ~it the Vexcel Corporation, providing
c~pertisc in synthetic aperture radar (SAR) signal pro-
cessing and sustaining engineering of the Afwjcllcltl  SAR
prt)cessor,  Inaddition todirectly serving thesciencecom-
munity, the imaging Node :icts as the central repository
for image data used by the other l>l)S discipline Nodes.
The other Nodes (primarily Gemciences,  Rings, a n d
Atmospheres) draw heavily on the image data collections
in support of their discipline research activities. The lnuig-
ing Node focuses on preserving theimage collections and
software to process the irmige data while the science Nodes
focLIs  on use of the image data products in support of
their individual science discipline.

l)otential  users interested in learning more about the
Node’s data services can contact the staf f by kvay
of electronic mail (“eel iason~[~ sirius. yvr.  usgs. gov” or
“’Sue- Lavoie(g iplnlail.jpl.nasa, gov”),

2. Archives of planetary image data

I hc Node has developed a model for tin iirchive of plan-
etary image data that ensures the eflective use and long-
[crm preservation of the data. In this model an archive
contains the ratv image data as acquired by the spacecr:ift,
[he derived image data (tvhen at’ailable) that have under-
gc~rle  rec[iflc:ltiorl  processes, and the supporting elements
ncccssary to make full usc of the data, l’he supporting
clcrnents include ancillary data for radiornetric  and geo-
mc[ric charactcrizition. ctoclllllcrlt:iti(>ll  descr ibing the
~~b>crv:ition~ll histories and data or:ani~ation. summary
tilm th:it index the data, IInd software to access and pro-
ccss the data, The image data are or:nnizcd  according to
rtw standards prescribed  by [he PDS (J f>[,. 1992 ; Cribbs
and W’agncr.  1992). The PDS standards provicie con-
\is[cnt Orgtlniz:ltion across the in~:igcc(~llcctic>r~s :tnci make
{t possible to cicvelop a common set ot’ sot’twvrt  tools
,IIILi ~iat:l  access  metho~is t h a t  opcriltc  o n  the Liitlcrcnt
~’~>llcctions.

The arcbivcs otimagc ciata arc pr-cscrvcci on C’1)-RON1
,Inci [’[) jvritc-orlce (C’[)-WO)  rnccii; l. l’hc C[)  tcchn{~l(>gy
~~l]tirs highly rcli:lblc, cost -c fl”cctivc s[~>r:ly c~n ;i ct>nlp:lct
IIlc(ii;l \yit[l ii shclt’-lifk rnc;tsurcci irl cicc;l~ics. “i’hc C’[)-
I{ohl  n]cdia.  with rciativcly  high inili:li  startup costs but
It)ii r~plic:lti~}rl c~lsts. r e m a i n s  tbc nl{)st ct~st-ctliclivc
Illclii:l (t>r Ci;lt;l sets wltb wi(ic (iislrlbuti(}r]  p(~tcntiai, C[)-
\\ ’() Illc{ii;l. with IOW inlti;tl st:trtup  ct~sts b u t  ll]~)licratc
~’os[ pcr vc~lunlc, is UWfUl  to SIOIT  anti  liis[ribulc ~iata Wltb
lll]lilc~i dis[ribu[i{)n p~~lcll[i:l!,  ‘1’tlc  (“[) nlcciia.  in uw. With

[hc IS() 9600” [)a(a Sland<lrci ( IS(), 1987). is lrca~iablc on
vrrtually all n]t~(icrn  c{ln]put~.r piatl’(~l-ms.

The primary ciata for an arcbivc are the collection of raw
images as acquireci  by the spacccraf[.  These data provide
the foun(iation  for all image processing applications and
remote  sensing investigations The raw images arc pristine
in the sense that they contain the artifacts anti the radio-
mctric and geometric characteristics of unprocessed and
uncor-rccteci  ciata. Radiornetric  and geometric correction
anti cosmetic cleanup algorithms arc intentionally not
applic~i  to the data. These techniques render irreversible
operations on the inl~ige ciata that wouici p r e v e n t
irnproveci corrections from being :ipplieci  at a later time.
t_Jncierstanding the obser~ational  geometry and radio-
metric properties of an irmiging system is an evoiving
process involving extended post-mission investigations.
For example, cartographic-quitlity  digital image maps
become possible only after significant geodetic analysis.
Thus, preservation of the ori.ginai unprocessed data is
imperative so a(ivanced techniques can be appiied to the
ciata in futurcappiications. The ra~virnageciata  products
are useful to those investigators kviiling to understand and
use the elaborate radiornetric  and geometric techniques
forcorrectin.g  the data.

2.2. l)(’ritc)(ii t}l([{j[’( ic[l(ip ro(/11([.%

Derived image dat:i prociucts. typically oflvidest  interest
to the science con~rnunity.  have undergone processes of
image rectification (Bernstein [)( ~11.. 197i). These pro-
cesses  prociuce  images  thiit :ire “ide:ii”.  The pixci values
of an image have been converted to radiornetric  units,
geometric processing has been applied for rmovai  of
optical ciis[ortion and projection to map coordinates, and
photometric modeling has been appiied t o  normaiize
irnagc brightness to standar(i  illumination geometry.
[)criveci images are useful to the c o m m u n i t y  bcc~iuse
spccialid ir]strllr]ler~t-de~>  cncicr]t  processing. cartographic
reprojection, a n t i  :mcie[ic  an:i]ysis ilavc alrca~iy  been
applitxi to the Ciata. General image proccssin:  packages.
ivicicly :tv:lil:lble, c:lr~ beuwci  t(~vis  L!:tli~c:ir]ci  erlil:ir]ce the
ima:c pro~iucts. T’ht potential ~iisa(iiantagc  ot’the cierived
~iata i s  thut aciv:lnceci :cornctric  an~i ra(iioruetric cali-
bration,  (ictcrrninc~i  perhaps af[cr years ofin~cstigation,
may not h:llc  been availablcwhcn  thcci;lta  pro~iuctskverc
proci UCCCi
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1 he geometric  elements arc an essential parl  of the archive
because they contain the ncccssary information to fLllly
chartictcrim  the geometric properties ot’ the imaging sys-
tem and vimving  geometry of an obscrv~ition,  l’hcsc data
arc essential to geodetic, cartographic. and photometric
applications. The geometric elements  are organized
according to the SPICE (Spacecr:ift,  Planet, !nstrument,
C-matrix, and Event) kernel concepts adopted by the
Nayiration:il  Ancillary Information Facility (NAIF)
Noci;  (Acton,  1996). For irn~iging  systems the SPICE
data include ephemerides of the spacecraft and target,
instrument pointing information, mount ing oflsets
bcttveen inlagin. ginstruments. camerafocal lengths, spa-
tial sampling rate,  optical distortion coefficients, and other
parameters needed to transform line and sample locations
of an image to a vector ofcamcra-fixed  coordiniites.

The Imaging  Node acts as the repository for improved
SPICE kernel d~ita derived from c:irtogr~iphic  and geo-
detic applic:itions  I’reducing cartographic-quaiity  image
data products requires improvements in the geometric
elements ofthe image observations. In c:irtographic  appli-
cations. images :ire tied to one :inother  by sclcctingcontrol
points on the surface that are common to the images.
These control points are then used to ltpdate  the SPICE
kernel data to force the same control points on diflcrent
images to have the same position on the pliinet. l’hc cam-
cr-a point ing matr ix is  usu:llly the par:imeter  th:it is
updated to force the geometric loc:ition of images to
rn:itch, 1 he updated SPICE information is maintained as
an intcgra! part  of’ the archive so future  irllagc processing
applications can make use of the irupr~~vcd  geometric
cx~ntrol.

2.5. Ra(li(lt)l(>tti( cl(’ttlctr[

I  h] 1’11:1.1)11  (,/ (// “ 1  IIC Ilmlglllg  N(KIC 1’01”  Ihc Pl)s

2.(). ( ‘(//[/[()(/ 1,/( ’t)l(,tlt\

‘1’hc :irchitc  includc~ c:ltalog Clcmcnts (Jrg:inilcd as sunl-
mary t:lblcs dcwribing  the camcr~i char;  ~u(eristics  a n d
viclving gc~)nlctr-y C)I’ t h e  im:igcs i n  t h e  :{rc’hlvc. ‘1’hcsc
summ:iry t:lblcs are used tc~ search t h e  :Irchllc  ft~r per-
tinent  im:lgc diit:i. [or cxarnplc. t he  ciItiIlog elcmcn[s
could be Ioiidtxl  into a d;it:i base application for search
and retrieval of’ the data products. The surnm:try table is
organimd  its :i fl:it file: each ro~v is an entry th:it describes
:in irnagc. :Ind each column is a p:iramctcr  th:it describes
in form:ition  a b o u t  the image. ~“he summ:try t a b l e s
describe the location of the file in the archivt (frlc name.
directory location. dnd volume), camera  settings and
mmies (tcmper:iture  ofthc foc:il plilne, sensitivity settings.
and cxpos Lirc time, etc.). and searchable geometric par-
:tmcters (latitude itnd longitude positions of the four cor-
ners of the image, subspucecraft  latitude :ind longitude.
sol:ir-incidence. emission, and phase angles, etc.). Because
the geometric definition of. an observation evolves over
time, the geometric elements found in the summary tables
may represent the approximate viewing of an image scene
and are intended for image search and retrieval. The pri-
mtry geometric elements used in the processing of an
im:igc should iilways be extracted from the most up-to-
dtitc SPICE kernels.

IJc>cllrllcrlttttion, stored as computer readable  fields in the
archi Je. includes mission, sp:icecraft, and instrument
reports. such :is calibration reports, flight operations and
scicnm team reports. and mission history, The c~ocLl-
nlcnttitiori  is critic~il for the preserviition  of the knoivlcdge
of ii mission ;ifter the eild of :ictive flight oper:itions.
The docLimcntiition focLism on det:iils of the mission thiit
\votild not typically be ziv:iil:tble thro  Ligh published litcrii-
tlirc.

3. Nliwion prodlicts
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I hC (’lfvmw[im mission is a joint Dcpartmnt of [)cf’cnsc
:IIId h’ASA mission ~vith  goak of testing small spacecraft,
\ubhystms, and senwrs i n  t h e  d e e p  spaw envirOnnlcnt

Jnd of providing a significant science return (Nomtte  et
,//,. 1994).  C/(ww~fim), launched on Janu~iry 25. 1994,
(r(>nl  Vandenberg Air [:orcc  Base, undertook a 2 month
mapping mission of the Moc)n and irllaged  lOOO/O ~f th~

[Llllar  sLlrfacc in ]2 spectral  bands ~ronl the ultraviolet
to the thermal infrared, The main il)strllr]lerlt:itic)r}  on
(’l(t)  wtltitl(, consists of five cameras, one kvitb a laser-
r:it~girlg systctll. Thec:~tllcras incl Llde:ir~Lll  tr;iI'ic~let visible
(U VVIS), a Iong-wavelength infrared (LWIR),  a laser-
rangcr (L II} AR) high-resolution (HIRES) camcr~i,  :ind a
nc:ir-infr:ircd (NIR)  camerti,  The star-tracker c a m e r a s ,

LIWd pr imar i l y  for  spacecr:ift  riavig:ition, o c c a s i o n a l l y
ucrc used to acquire \vide-angle obser-vtitions  of the Moon
:in(i Earth.  Although the sp;icecr:ift haci a malfunction
[hat prevented its rendezvous with the Gcographos  aster-
oici. the iunar  m:ipping phtisc of the mission proved highiy
~uccessfui.  The spacecraft, in ;i polar orbit con figurittion,
:tcqu ired more than i.9 million irwiges of the lLin:ir surf[tcc
dliring t h e  systermtitic  m:ipping ph:tse. T h e  image res-
titutions range from = iOOnl per pixel Lit pcriapsis  ( -- 28
l:ttitucie  for the first month’s observations :inci +28 l:iti-
[ucic for the second) to -300  m per pixei :it the lunar
poles. The archive of Clcttw)ltitw raiv image d:ita prociucts
ex i s t s  on  88 CD-ROM  voiumes (Eliason  :ind Mal~iret.
1995).  The 1S1S system (see Section 4.4), distributed
[hrougb the Im:iging  Node :ind a~’:iiltibic to tile science
community, provides ~i processing capability for the C/ct)r-
{,~l[i}l(, ciiit:i  collection.

3.2.  G[llil<’o

The OI)R (Origin;ti  [>ata R e c o r d )  ~ind SAR/EDR
(I{ngincering Ilita Recorci) diitasetsfrorn  thelbfagelkw
mission to Venus (Saunciers  (’t al.. i992) represent the
i:irgcst hoidings  n~iiint:tined by the Node. T’he ODR  data
set, t r a n s f e r r e d  t o  CD-W(]  medi:i by tile Ilita Dis-
tribution  Laboriitory  :it JPL,  isstoredot~  - i700voitinles.
~’hc SAR EI)R d:it:i set is  cont:iined  oil =i0,000  nl:ig-
nctic t:ipcs ~vith pl:ii~s of tr:insferritlg  the collection to CD-
WO mcdiii to cnsLire its long-term surviwil. The O D R
d:it:i set, captLiring the sp:icecr~ift’s  high-rate telemetry
stre~im, tv~is recorcied :it the Deep Spiice Nctivork  receiv-
ing stations itnci shipped to JP1. for processing. The ODR
tiipcswcrc  processcci bytheitf(~qc//a//  higr:itepr ocessor, r,
w h i c h  rcmovcci redundant  t:ipe-recorcicd ttnd stiition-
olcri:ippcci  ci:it:i. fr~in]e-synchrotlimci  :tnci t ime-ordered
the d:itii, scp:ir:ited the SAR cititii from ~iltimetry ~ind
cnginccring  d:itii. :ii~~i selected the highest qu~tlity d:it:i
avail:tblc for inclusiotl on the SAR, EI)R  d:it~i wt. T h e
SAR,’l IIJR, ~vitb ci:it;i org:inimd  iil r:ir]gc-doppier for in ,
wits provicicd to the .lf~/gc//[/I~  SAR [J:it~i  Processing Sub-
system for tr;insform:ition  ii~to fLiil-resol Lition btisic im~ige
ci:it:i rccorcis (F- BII)R),  tvhicb iire in sinlisoici:tl nl:ippro-
jcctit>ns :ind form the b:isis fi~r mos:iickeci image products.
I’hc SAR Processing SLib-Nocie m:iint:iins :i processing
c:ip:ibill tyt(~rccrc;itc  ;ir~cipr~lci Liccir~]i3rclvcci F- BllJRci~it:i
pr(xlucts  from the Ot)k and SAR E[JR  hokiings. Cor-
rectir]g tllckr~(~ii llerr{~rsf(~llr]d  inthcspacecriift cphenler’-
i(ics iind pointing :tnglcs, ;inci Lipci:iting the Ven Lis topo-
gr:iphic nlocicl uwci irl the systcmtitic  pr~lccssing of the
l;-llll)}{s  c:in improic (he ra~iiomctric, gmrnetrlc.  iind
stcrtx~-licwin:  qu;ilit} ofthc S/l  R iimigcs.

“Ihc ,l/~/<l(,//Ct)I  }:- JIAI’,  pr~xiilcc~i by t h e  LJSCJS  o n

bch;ilt’ LJI’ NAS:\’s  Pl;inct:iry  [icol[~:~ :inci <ic(~physics
[’r(~gr:inl  ([l SCiS. 1’)94).  is;t gl(~b;il it]]:lgct]l{~s:iic;il  75111
pi\cl ‘ rcw)lilti(~l~  ct~icring  1 ) 2 ” () 01” t h e  sLlrfil  LY. 1 hc t;-

hl;\l’ cia[it SC[ ~llltirs advant;igcs  ~)icr t h e  n~isslt)n-pr{)-

Liilc’c’d  t’Llll-rc\~J!Lltl~~ll  nlowlc pl”~)ciLlcts(I;-h[i[)f<)  bCCd LISC

[tic t:-hl[)ll< pl(xiiic[s. ;ilw) al 75mpi\cl ‘ rwlution,
~’~~t~’r  lust ?5{’(, ()!’  [hc silrf:ic’c (11’ \’clllli.  “1’tlc t:-h4.\f)
wits pft)duLkki  h] cii:l[;llly nli)wick]ng the .\/[1[/c’//I//I  t;illl -
Rcsolu[ioli”  lkiw’-lm:lg,’  I),l[il R,’c’ol’d (1’-  I] I[)R)  >illp>
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~’he l’~~J{i{]er  f and ff EIDR image archive corltains  the
r:i}v irmigcs  ~tcquircd  during the sp~icecrafls’ encounters
ivith .lupiter,  %turn, Uranus. and Neptune. I’he im:igc
ohscrvations  :ire from the spacecraft’ narro~v-iingle  and
wide-angle vidiccrn camera  systems (Elenshc  and Jepsen,
1978). The cameras are equipped with a filter wheel hous-
ing eight spectral filters ranging from uitr~~violct to or-angc.
The l'c~~~~g('rI  andlIEDRi  l]lagca rchitccL lrrentlyexists
on 2 4  CI>-ROM  vo]LIn]es (Eliason  (I[ {i/., 1988), ~vith
adciitional  volumes in preparation at the JPL Sub- Nocic
for completing the Saturn encounter data collection. The
initittl 12-volun~e  set, produced by the VoJf/gcr Project,
contains thecomplcte im~igccollcctions  for LJranus (vol-
umes I 3) and Neptune (vol  LInlcs  9 12), and a “best of”
inlitge set for Saturn (volunlcs4  and S) and Jupiter (vol-
umes 6 8). The Imaging Node has continued the pro-
duction of the CD-ROM volume series by completing the
Jupiter encourrterdata (volumes 1224). l’he(’1>-ROM
~olurne set of the complete Saturn  encounter d:ita will bc
completedin 1996,

3.5.  l’ikitlg

‘I”h~,l/[lrillt,)  iorllissic)rl(  [);lrlielsc~r];  lrlci Kl:lascn. 1975).
the first multi planet  r~]issi(~r~ctlrriccloL]t  by:~singlcsp:ice-
craft.  w:is equippcci  with it n;lrrow-angle vidicon framing
c:tr]leril  c:ip:iblc c~f:iccl L]irirlgs[~cctrtli  irll:lgcsri~rlgirlgfror~l
ultraviolet to ortingc w:ivclcngth>. An auxiliury widc-
:in. gle optical sys[cm.  :icccssed  through a filter Ivhecl con-
fi.guriition. tvas addition:llly  :Iv:iil:tblc  f o r  observiitions.
A1~{ri}l[’r  10rc[llrr~cci n~c>rett];irl 12,000 inl:tgesofMercury,
Venus,  and the Moon. Jl[lritlcr IO’s t h r e e  M e r c u r y
e n c o u n t e r s  acquirtd ~ibout 3000 scicntifical[y  useful
ir~]:tgcs  tvi(l~resc]l Lltiorlsof Llptc> 120nl. About 40 °/O of the
sLlrfiice ofh4crc  Lrry Jv:lsphc>togr:i  pheci at bcttcrthan2knl
resolution. The Jlari}lcr 10 EiI)R ci:tt:l collection, stored
on C1)-WO, is available  bysi)ccial  request to the Node.

The Jf[{ritjt’r9 mission conducted a one-y  carintensivc
orbit:tl reconnttissunce  of Mars from November i971 to
Oc[obcr  197~(h4:isLlrsky~,[(~/., 1972)  .Thespacecraft~vas
equipped with wide -;ing]c  and n:trrow-:inglc viciicon  c:tnl -
eras. Aithougb  thc~vicie-tirlglc c;il]ler;l  wasequippcd  ~vith
a filter whtcl  c:ipi{blc of acquirin: spectr~ll images f r o m
liolet to orange lva~elengtl]s. the filter ~vhecl  functioned
foronlyp:{rt ofthc  mission. Api>rc]kim:itely  750 f)in]agcs
of hl:trs  :Inci i t s  m o o n s  (Phobos  i~nd [)ienlos) ~vere
:Icquirtxl durin: the course  of the mission. The .lf~iritlcr 9
UI)R collection. storeci on C’1)-}VO rnecii:~, is av:liktblc by
siwcial  request to the Node. Aithough  the J’iki)l,q Orbi[cr
ditt:i ol~ers higher quality (im;lgc dat:l with better signal-
to-noise riitio) anti better image resolutions. the ,\l([rit/c’t
9 ddtd Set C:ln  OtlCr  a va[u;~blc rcs~lurcc  for tt?lllpOr:ll stLlCi-
ies ofthc pl:lnct,

-1. L’scrst’r} iccs:lrldsttpport
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\\’ha  (’\  NM A log (Jl:idditions  :IIld ch:~ngc~  (o the irll’(lrl]~.l[i{~[~:tl p:(:cs and
(Jn-line dLIILI.

Inl:lgc Browwrs P(lin[-und-click in[cl I’OCCS  :Icqulre da[o pt(ducti and broww  the
im:lge collection.

Node I):It:I Sets [)cscrip[ion  ofd:t[:[  SC(S  uv~iili(ble through the node :Ind mc[hod tor
acquiring them, InL-lud Ing links [o on-l Inc inulgc browsers  LInd
C[h when av;lil:tble. Alw) InclLIdcs  links to other  OIVIIIW
inlornu[t ion umi rcw~uruc~.

on-line C:ltal(>g Wh:it is included in the L’:1[:110:, h(~v, to srt up your sys[cm 10
COl](WCt trI it. ~l[ld  LIl] ~hX’tloniL”  ~Onn~~tlOn.

On-line CI)-ROMs A list ofthc C[)-flohls ;Ivtrilablc in the jukeboxes,  including
links to access Indck f:ilcs and acquire dirlo tiles.

Sotlwdrc [formation about and links to owfLI[ softw’:!rc to support access
and tinalysis of the data  products.

Data  f@fUUl  Form Ordcr  form for d;~t:[, information, and special request processing.
Node Pcmonncl A list of node contacts,
Server S[:itistics A compilation of nornbcr  and location of users ~{ccessing  the

WWW pages. To date approxin~ateiy 3500 pmple  from 49
diflkrent countries have accewd the Node’s server.

to deielop improved tools for providing ease of access to
[b:it di~ta and its ancillary information for use by the
science and educ:itional  community. Until recently, access
[o this data tvas limited to distributions of CD-ROMs.
special requests to be filled by Node personnel, and avail-
able papers and documents. The tremendous growth in
the use of the Internet, the WWW, and NCSA Mosaic
:~nd Netscape  Communications Navigator bro~vsers  has
ch:!nged methods for data distribution. “1’hrougb tfle use
of [he HypcrText  Markup  Language  (}{ TM L), WWW
in[crface routines de~’eloped  here at the fmaging Node ,
:ind several CIJ-ROM  jukeboxes c:ipable of storing hun-
dreds of CIJS on-line, tf~e Node has developed a WWW
home page ~vith several linked pages that pro~ide dattr set
anti ancillary information, as well as the ability to browse
~i~lta sets and automatically (requiring :tn absolute  mini-
mum level of operational resources) obtain data of interest,

Although  distribution of large data sets witf~ wide conl-
n~unity in[cr-est will continue to be distributed on CI)-
ROM media. the Node intends [o builci upon the on-line
~criiccs during the next several ye;irs as our emphasis
\hit’[s from distribution on physical nlcdia to remote
:tcccss  for all of our services. Dcdicakxi  computer systems
,~[ the USGS and JIJL  (Sun workstations ~vith jukeboxes)
\\ ill support tflcw functions.

-$.1,1. L1’11’li’ /IoH]c pqqc. The f)[)S has sclcctcd NCSA
\lL~s;lic as its WWU’ inforn]atiotl  browser application anti
I1:Is dcvclopcd some standards for home p; Lgcs, so as uwrs
11:11 ig:ltc  thrL>Ll~h the various parts of the  distributed sys-.
[.r~] [hCJ are prcscotcd ~vith a con~mon  lt~(~k and tkcl. 1 he
II{)oIc p~igc pr{~kidcs ;L gcncr:ll ovcrvicu (>1’ the ncxlc tvith
Illlhs t~l ;l~iditi~~nal p;lgcs c~)r]t;lilling  tht inlaging [lt~d~
\pccitic infornlati(~n  and scrvi  cc+ sh(~u o ill ‘[”:Ihlc z,

\tth{Jugh the Node ptl}’sicall>’ resides in Ari/~~na and
( .lllt’<~rni:l  w i t h  a  sub-n~xlc  i n  (’c>lt>radt~,  a n d  each
iuppc~rls  dill’c’r~.nt sc. rvicc’s. this is of” nt~ cxln~.~’l-n tt~ the’
(ls~~[. “ [ ’ h e  user sirnpl~  acc’csws  tllc  slnglc  lm:iging Ncxlc
II OOIL”  pil:c, SC ICCIS  the scrvlccs :lI]d d:[[a  (lt i n t ~ ’ r e s t ,

and the WWW browser  does  tf~e rest. The LJnifornl
Resource Locator (URL)  for the Imaging Node is
ht tp :  cclijirlgs.jpl. n~is:~.gov, f’DS/.

4 .1 .2 .  [)oitll-(ltt(!-c  li(k apprmcll 10 ([cquiritlg data pro-
ducts.  The node recently acquired several CD-ROM juke-
boxes and no~v maintains significant collections of CD-
ROMS on-line. While these resources are in themselves
useful. and raw data can be accessed from them, it was
recognized that the development of intuiti~w.  user-friendly
interface lvas  essential if these collections were to be
readily accessible.

Rather’ than requiring researchers to kno~v in advance
the location on CD-ROM  of a particular image they are
interested in, image browsers were developed to determine
this for them. This Yvas  done by utilizing the “forms”
capability of most WWW browsers to accept user-pro-
vided criteria and input them to a program. The Node’s
Afi[,qell(itr  and J “ikitl,q L({tl(kr image browwt-s  present the
user l$ith a global picture of tfle planet  or, in the case
of I ‘iL-i)i{\ f.(lti(k,r. the total field of view ot’ [he i m a g i n g
ins[ruruent.  The user indicates the location of interest by
“’clicking”’ with a moose button on this “imagcmap”.  The
type of product (tull resolution. compressed once, etc.,
for .t/,/,qt’//r,/r, or raiv, derited, etc. for 1 ‘ikit~,q I.dtl(kr) can
alst~ bc indicated on this t-orm. This information is then
fcd t(> a rc~utine which  takes the in formiltion,  c:llculates
tllc  coordin:ttes (~n the planet tflat the uwr selected. and
dctcrn~incs  [he produc t  nan~c for the desired image. the
l(~cati~~n on C’[J-ROM  ofth:it prodoct.  accesses that prod-
uct t’r(lm tbc  (’1> -ROM,  a n d  disp[a}’s ii ?56 x ?~() pixel
“br~>wsc”’ icrsi~~n of this image. At this point. the user
lll:l\  L’hLXJSt  L’ithtr tO doWO[(Md thL’ Cfltlrt llllil~d (C}r.  111

thC-L’il W (it’ .\/(/[/t’//(/t/.  :1 sub-sclcc’t  illl:lgd t~f the ~~ “til L’s”
thii( n];ikc  up tl]c br~~wsc  i m a g e )  ;tt [uII or rCd UCd lCSO]-

u[ii~n. io I)[JS.  \’l C’/\ f<, f; I-I’S. (ill:, l’lt:l; . Jf)il(;. o r
1’1(”[’  t’~~rlll;il. Slncc  thcw ct)ntcrsi(~ns ;Irc pcrl’()[-lncd (~n
~x~t]lputcri  :It tl]c Node’s t’aciiitics,  tlic} arc not  lin~itcd by
tllc speed ~)t’ the uwr’s c~)nlpu[cr.  ‘[’his :Ils(l clinlin; llcs the
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[ ‘S(  iS to  support  the A/(iri~l(’r 9 a n d  I ‘IkiIIf/ nli\\ions.
[ Ilc 1’1(’S  syitcm,  running S(JICIY  under the VAX VMS

t-~nj iri)nnlcnt,  suppi~r’ti  full radiomctric,  gcolnc[ric.  a n d

~;lr[tlgraphic  pnlccwing  for the l~f~lri~l~’r ~ :Ind I (). ~ ‘i/(@\.
1 “f~it{g<’r,  (;~//ilc’/~. and ,1/w/c//([~/ nlisiioni.  l’hc systcin will
t\c II(ually h phased out  c)ncc its full functional capa-

hilltics arc available in [hc ISIS sys(cm.
The ISIS systm was CO-LhMIOpCd by the lJSGS, JP1>,

[J C’I. A, Nnd the lJnivcrsity  of tlawaii.  ISIS. init ially
dciclopcci  to support the G[(/i/c{~uNTIMS  and AVIRIS
cIpcrinlcnts,  pro~iclm full processing capabilities for
illl;lsing  spcc(rotnctcr  dat~t,  The system,  d e s i g n e d  to bC

portahlc  across multiple computer pl~itforms,  currently

runs under SunOS,  UNIX and VA XIVMS environments
LInd, in the future, \vill bc available for DIi(’AlphaiOSFl
~ystcnls. ISIS has been expanded to support the radio-
metric. gcornetric. and ctirtographic  processing for the
C/cllwtl(i?w  mission and will be further expanded to sup-
port G(tlilco ‘SS 1, Vikit]g. V(]-r(igcr,  and Al(irittcr 9 and 10.

The VICAR system has evolved over more than 20
year’s of JPL. planetary mission support. VICAR  is
designed to facilitate the acquisition, processing, and
handling of data produced by a variety of science instru-
ments (e.g. imaging, plasma wave and im[tging spectro-
meters, radar-). Capabilities inclucle image navigation,
radiometric,  geometric and cartog,riiphic processing,
instrument calibration. and data compression. I’he system
is currently being made portable to a variety of computer
platforms, including VAX’VMS,  DECAlph?tjOSFl,  and
LJNIX on SunOS, Sun Solaris, and Silicon Graphics
workstat ions.  The Vikitlq, Vo}’aget-,  ,M(IgOl[atI.  G(!lileo,
.\ fcIr.s  P(i[/!jitdt’r, and C(issitli  mission irmiging data are
supported under VICAR.

Mcl DAS-eXplorer, deve loped  by the University of
lVisconsirl-  Madison, provides the ability to interact with
wlellite  data for geophysical applications such aS nlulti -
spcctral in~agcry,  surface network data, and atmospheric
soundings. Tools include geometric and r:idiometric cali-

bration. filtering. navigation and cartographic projec-
tions. nlLiltispectral classification, time series :inalysis, area
anti distance n~easurements, and cross section display.
McI1)AS-eXplorer runs under X-W’indows on Silicon
(iraphics, Sun, and Hewlett Packarci workstations.

4.4.2. Sp(’ci(ll p[(t/)(Lsf’  s(!fl Lt(lrc’. Special purpose soft-
if arc has been dcvc!opcd  for usc with plOLiLICtS  gcnerateci
t>t and made alailablc through the Nc~cic.  .lf~/,q[)//~{~i  EIDR-
[{;-1:-1311)1<  conwrsion  sotllvare  (L) NIX SAR Processor)
I\ available through the SAR Processing Sub- Nocic.
Sin]plc tools ncccssary for access. ciisplay. anti cieconl-
1~1-cssion Of L{o[:l tire inclucid on  publ i shed  (’[~-koMs.
JnLi as these data sets arc pLIt  on-tine  and a c c e s s i b l e
[hr[)ugb lukcbo~cs. the software art als{~ macic awiiablc
[hr~~ugtl the N(xle’s  W W ’ W  Sottwarc f’:igc. IIkc~~nlprcs-
\I~~n s~~l’tw:lrc.  a s  cwcu[:lblc  nl(lciulcs  :Ind s(~urcc cocie,
~’I]it on lht 1 “iki~l,q.  1 ‘~),l~lqf,r. a n d  (  ‘l~’))lt’l)[i))(’ arcbivcs

(JI’ IJU  Irnilgc  ci;lt:i  pr<xlLlc’ts.  “1’hc (’1)-ROM  in~age dat:t
pli)ducts  :ldditi{~n:llly cwn[:lin  sil]lplc  dlspl:ly  st~tltvarc.
I  I]c Natit~nal  lnstitutc  ot’ Ilc:{ltb  (Nltl) Inlagc  pr(~,gram

IS ;Ii:lil;tblc I’(lr [hc displ;ll  (it’ [’[)S  inl.igc  data prtxlucts
I“t)r ll;lc.inttlsh >y~tcnls. iht Ikll)lsl’ dl~phy p:lCkWC,
tlctcl~)pcd  b> .II’1,. pr(~tidcs :it~ in~ilyc dIipl:Iy c;ip:~bility
1“01- 1)(’ [)os C’onlputtr systL’ll)\.

.31

5. l~uturc  acti}itiw

The cxpl<~sivc growth of the Internet an~i WWW services
(~tkr> the (lpp~~rtLlni[y  [o provide access to rnorc  da t a  by
nl(~rc <Jt the c(~n]n]unity  for Icss money than ever before.
With the shift from distribution on physical rncciia to
remote access. Jll n]crnbcr>  of the planetary scicncc  conl-
munity  and the public can now obtain data immediately
anti ilt no cost.

[’(~nsistent  \vith this better faster- cheaper trend, the
focus of the Node’s activity over the next several years
\vill bc to build upon our user-friendly WWW-based  inte-
grated  catalog and data archi~e system. We are excited by
the challenges an(i opportunities ahead.  Steps involved in
huilciing upon [he WWW-based  systcru include:

I;xtensivcly  interlining the catalog with the image
browsrrs  so that researchers can access such important
information as sun angle, spacecraft range, camera
filters, and other ciata vital to image interpretation.
[)cveloping  imige  browsers and loading catalog infor-
mat ion for  Clet)wtllitie. 1 ‘o>wgcr, Galikw,  Vikitlg

orbit(’r, Al([ritwr 9 and 10. and eventually C(!.vsitli.
Pro\iding access to related data sets, such as the Lfag-
c//att F-MAPs, 31) rendered images, movies of planet
surfaces, and other specially processed images of wide
community interest.
lnterlinking  the Node’s integrated system with that of
other PDS Discipline Nodes to enable access and use
from the Imaging Node to other Nodes, and vice versa.

In parallel \vith this development, the Node will continue
to \vork \vith active missions (currently Gci/ileo,  Mars
P(lt/!fitl(/cr. and Cassitli) to zLssist  in the creation of (heir
archive proctLlcts a n d  to ensLlre  t h a t  t h e i r  prodLlcts  and

catalogs become a part of the Node’s integrated system at
end of mission. Past mission data sets, inctuding  Lut~ar
Orhi/er and Alaritwr 9 and 10, will be reviewed, and deter-
minations will be made as to the need for and priority of

rcstor:itions.
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