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‘1’lic Visual and Infrared Mapping Spcctrolneter’  (VI MS) is a renlote sensing instrun]cnt  developed for the
(hssil)i nlissiol]  to Saturn  by an internat ional  tcaln representing tllc  naliorial  space agencies of tlie
lJlli(cd  StaLCs, Italy, and France. A clual  inlaging  spcctrolnclcr,  VI MS’ uniqLle clcsign consists of two
o])(ical systcllls  borcsighted  and operating in ia~lden~, coordinated by a colnnlon  elcctx-onics unit. “1’he
co]~lbillecl  optical systen]  generates 352 two dimensional images (&l x 64 (),5 nlrad pixels) sit]]tllt:il]eo~lsly,
eacli  in a sepalatc, contiguous wavebanci.  “1’llese  are con]binec]  by t}le elcctrcn]ics  to ]moduce “ilnage  cubes”
in wllic}l  each i]llagc ]Iixel rcprcscllts a spcctrLlln  spanning 0.3 to 5.1 IIIiCI-OIIS  in 352  ste])s.  VIMS il]~a~es
will be usccl Lo ])roduce  cletaild  s~)atial nlaps  of tile distribution of nlincral  anti Cllc]llical species of
Sat[ll  I 1’s atmc)sphcl’e.  rings, ancl  moons, and tllc atlnos~)hcre  of ‘1’itan.  At sonic wavelengtl]s  VIMS will
pcIlctlatc  “Il(an’s  atlllcwphe~  e to nlal) its surface. anti iIIlage  the nig[]lt  sicic  of many SatllrI]ian  objec(s.

Kcywods:  it]mgiI]g  spc!ch”o  IncLcrs,  ~assini. plandary,  n]ultispectral.  infrared, visible, WI), InSb

1. INTRODUCTION

111 t}lc ]a(e 1970s  J1’I. pl”O(lllCeCl  Llle first illlagitlg  Spectro:lletcr  bui]t for ~)]atletary  eX]JlO1’atiO1],  the Near
lnf)-ard  Ma])ping Spcctronlctcr  (NIMS) for the Galileo nlission  now o])crating  in orbit aro~lncl  Jupiter. In
SUI)SCC]IIC.11(  yc.am, J PI, stuclied  ways to iII~})rove.  the te.chno]o~v and pI-OC]IICe Cl dcsig]~s  for other p]aneLaTy
a~]plicat ions]  . Sitnilar plojects  were also uncicr  way in FmIlce, anCi ]at C]’ Italy  atlc~ t}lc Sovie L UniOI1.
“1’l]cse effo] (s led lc) tile cicplc)ynlel”lt  of the Frencl]  I S M2 iIHLr uInellL  c)rl the ScwicL I’llobos  nlissions  (wlIich
pl”ociuceci tile firsL actual p]anctary  inlaging  Spcctronlcter  data) anti tllc inLer~la(ional OMEGA iTIStl’[lI1leIlt
c)n tllc itlqmnclin,g  Russian-ItSA M a r s  W ll~ission, in whic}l J}’], l]ac]  early ])arlici])atic]I1.  The Cassini
VIMS instrlul]e]]t,  alo~lg wi th  the  OMEGA instrutne]~t,  ancrged  from  an illternationa]  progran)  which
beg:al  I as a collal)oratiox] of tllcse  countries to In’oducc  tllrec  inst rL]~ncnts;  tile OMEGA inst ri]l~lcn~, a VIMS
fol a cc)lllc(-rc]lciczvc)~]s  asLel”oid flyby (~IW1’)  ]nission,  ancl tile Cassini VIMS3. Of tllc tllrcc, C)MF;(;A and
Cassilli VIMS Sulvived  to be Succcssfu]]y  blli]t  and both al”c to he ]aL]l]ChCd  wit}lin the I]CX1 18 lILontlls.
Al(houg]l  NASA wiLlldrcw froln  tllc C)MEGA Mars progran]  CaT-ly  otl, C) MII:GA and VIMS sl]arc a cc)nNIlon
(icsig~l  }]e] itafle a]ld rcnnain  a testan]cnt  to tllc value of interilatio~lal  cc)ll:il.)c)l:itioI]  and to tllc grc)wing
colllll]it]llcllt  c)f ill(e.rnational  planetary scientists to inlaging  spcctrc)scc)~)y. I1crciIl, wc discuss tlie final
cicsig]]  iIl cletail anti prcsmt prdilninary  ]xxfcmnance  (iata  flo]n t}le  Cassilli  W M S .

(hncx’ivcd  ald hilt in a;] m“a of hlcx”casing cxnlcel”n  fen’ bucigd  anti  schedule, several aspects of the VIMS
desigIl  rmultecl  in a  lower cwcral] c o s t  :Jnci  rcdllcccl  scllecillle,  wit}iout  i~lll~actj~]g  its ~lcxfol  Illa]lcc
requh  clilcr]ts.  “1’llis  incluclcci Llle Llse of all Cxistillg  spa re  NIMS c)ptics, c)]]tc)-]llec}laliic:il  strLlcturc,  an(i
})assivc  COOICI, allci  SOTIIe elccLronics  dcsigIIs  fl oIn tl]e OMFXA Illission, Orlc illlpor(anL  factor ill I“edllCill~
CCE+L was the inLcrnational Collaboration, which will 1 csu]t  ilJ  coln])lctc  scicncc  return for each c~f tl”le
])a] lici~)aLiI]g  CC) LIXltl”iCS at a total cost tc] cacll one c)f a fl”acliOn C)f t]lc Cc)st c)f bui]riillg  a coIllplcLc  VINTS.



2. SCIENTIFIC OBJECTIVES

“1’l]e pri]nal-y  purpose  o f  the  Cassini VIMS instrLIHlcnl  is to proviclc two dilllensional,  l]ig}l resc)lution
II]ultisIwctral  inqges  wl]ich  will enable de[ailcd study  of the col Il]Josition  ancl dis tr ibut ion of  surface
]I]aterials  011 the Saturnian  satel l i tes  (part icularly dark nlatcrial  and volatile), the c o m p o s i t i o n a l
S(1 Llctlllc d’ tllc! at IIlos])hcI”c  and C] OLldS of Saturjl, the natLIrc al]cl ccnll])osiliorl  of  SaturI]’s  Iir]gs, arlcl lllc
distribution and colnposition  of tlm atnlosp}iere  and surfacx of ‘1’itan. ‘1’hc combination of lligll  spectral ancl
s])atia]  resc)lLItioIl  will enable tllc  corl-clatiol]  of iclc]ltificd nlatcria]s with geophysical structure, and will

greatly adValK!C!  tile understanciing  of the Saturn SyStCII1. Specifically, VIMS will e]lablc  tlie sludy  o f’145,6

Icy Satlll-nian Satcllilcs:
“1’IIC  composition and distribution of surface n~atcrials.  es]lccially  of dark,

c)rgatlic  licll  deposits ald volatilcs.
“J’llc

“J’lle

sat uI”IliaIl

-1’llc!

‘1’llc

‘1’llC

-1’llC
‘1’llC
‘1’11(’

ccwrclation  of ccmq)osition  with nlorl)llology
])]ioto~l]etlic ancl tlicrll]al  pro]) utics.

I{illgs:
s])cciric I]lorl)lIolc)gy  a~]cl CXjrll])osiiiol]  of tl]e rings.
(list ribu(ion  and assessment of ~)arlicle sizes.
]adial  O])tical  depil  I ])lofilc  of tlIc l-ings.
tmlpoI al variation of l-in,g sb ucture and ccnnposilioll.
distr-iblltion  ant] coIn])osition  of (lus~ in tllc I“iIlf@.

coI-relatic)I]  Ijetwcc]l  satellite axld ring  coIll])osi[ioll.

011 Satlll”ll:

‘I’l Ic co]ll]]c)sitioll  a~]d distr-ibu(ion  of atll]osl)llcxic a:]d Clolld  s]wcies.
‘1’llc icl[lpc)ral behavior c)f winds, edclies, ancl  other fcatuI-cs.

‘1’lIC ill(erl]al  stlLlcture  an(] rotalioll of (lecp atlllos])llclic  fcatllrcs.
‘1’lle s])atial  distribution of tcln])el”aturcs.
‘1’IIc  vc]”lical  c)ptica] c.xtinction  profile of the SatuI”niaI] at]llos])llcrc.
‘1’}lC’  I]a(LIIC.  Of SatUl  IliaIl li@l(I]iI~~.

‘I’it al]:

‘J’l]e  coll]]msi(ioll  and distril)lltiC)Il  of atl~lc)s]jhcl’ic  s]]ccics allcl  acrosc)ls.
‘1’}]c asscss]ncv]t  of ‘1’ilanian  ahnospllcric  circulatiorl  and physics.
‘1’}]c  vmtical  cq)tical  cxiinctiol]  ]]rofilc  c~f tile “1’itania]l  at~nospllcre.

‘1’IIC geology and geolllo] J)}lology  of ‘1’its]]’s sl]]facc.
‘1’lJc  llatIIIc c)f active vc)lcallislll alltl liglltllirl~.

1]] addl-cssing  tl]csc scicncc go:ils,  VJMS addresses or c~]llances  a Ina]olity  of tllc sciel]cc  objectives of tile
Cassi]li  lnissicn].  Wol’kill~  iIl COIICCI  1 with  tl]e oIIJc1” C2wsi]li  ir]stl-u]l]cnts,  VIMS will bc a critical tool for
llll]l~iclisci]jli]l:i]-y  I-csearc]].



3. INSTRUMENT OVERVIEW

V I M S  xnounts  to tbe @SSilli  Rcnlote  SeIlsing  I’allct (RSI’) as two asscxnblics  (IUgure  1), Tile @tical l’allet’
AsscInbly  (C)} ’A) and tllc!  Main Electronics Asstn]lbly  (MI’:). ‘1’]le  <)1’A is c! O1llI)OSCCi  O f  t}le  two il]la~iIl~
spectT-o]I)etcrs  ancl tl]eir  respective signal  prc)ccssir]g dcctmnics  packages ancl a large  tllcr[~lal  “bus  SIIiC]CI”
S(I LICtLll”C,  bo]tc!c]  to a C! CNII1:1OI1  stX”uct  Llrc! Called  the l’aliet. “I’l  IC 01’A is tllcl”lna]ly  balanced tc) aClliCve what
will bc t]m cocdest parl of the ~asSilli  spacccr=Lft,  the IF< focql  plane (at 60  Kelvin). The 01’A is Iinkec]  by a se~
of the]  lnally-balancecl  cables to tbc ME, ]]loL]lltcxl  on the back of tl]c RS1’. ‘1’he MFc, containing several
elcctmlic  SLlbaSSCIDb]iC& governs all fLlnctions C)f the 01’A and serves as tile scale interface to tl]c s])aeccraft.

[

-::,,.. S/C ENS ‘1’lLC  two ilnaging  s])cctronlcters  01] tllc OI)A are tlie
. . . T} IEF{MAL l]] frarcd  ~llannd (VIMS-IR),  wllicll  w a s  bL]ilt  b y

, .~\>. ___  .<  S} I,E,D J1’1, for NASA, ancl tile  Visible Channel (VIMS-V),
bLlilt  b y  {) ffiCiIIC!  Ga]ilC()  fc)l t~ic ]ta]ian S1)aCe

( “<<*a -\ > -’ ,,.: ;, ;F;:;:;;;L\h
Agency, Agcmzia S]w,ialc It aliana  (ASI). V] MS-V

%3 $b @

. ..)

j

# h a s  t w o sLlbassc  IIlblic!s: a  v i s i b l e  i]llaging

“,,,!, Q i

spectrolnctcr  callccl the V i s i b l e  C}lan]lcl  C)ptical

‘$5’ ?: e lIcacl (V~C)l I) ancl an  dcctlonics  u n i t  czdlccl  tbc*O
-..&,< , ~v,&E. V i s i b l e  ~}]anxlc] l;lcctronics  (V~E).  “1’IIc MI’; w a s

built  b y  J1’1, as wel l ,  an t ]  inC]Ll(lCS clccirc)nic
>., 6’
&q

CtlANNE L sLlbassc  Illb]ies prc)vidcd  b y  Centxe  Nationa]
C;ANNE  , >. OPT ICAL MAIN EL FCXRONICS

E  LE. C: TIIONICS  ~’ >HE AC) ASSLkMELLY 1) ’l<cscarcl  Ics Spatia]cs (CNI<S) of Y’I ancc.
(ME)

“Jlle

(VCE ) (Vcotl) illstlulncllt  dcsi@] is rq)rcscnte(l  by a functional
OP1 ICAL PAL LET ASSEMBLY blcxk  cliagmll] ill I’igurc  2 . , with detailed design

s]wcificatiolls  identified in ‘1’able 1.
l’igu]-c 1. “1’lIc Cassilli  VJMS InstrLInleI]t.

VI MS-IR has t w o  subasselnblies:  a n  illfl  ared illlagilig  s])ech o]neter  (tile 11< Cllanncl)  atlcl i t s  Signal
I’roccssing  Electronics (SW’;).  In aclcliticm  to ])rovicUng signal ])rocessing for the 11< Chmncl,  the SPE relays
[i:il:i  f]o]Il  t}]e V&.i~J]C a~ld ]1{ ~]]aTl]lck+  ~0 tliC! MIc. It t}]~]s SC]”VCS as t}lc!  sit@c illtclfacc  ~)ctwccll  tllc C)I’A allC]
tl]c MI;. ‘I’l Ic! {)1’A k controlled entirely  froln  tl]c MIt, wllicll  cooI dinates  the operation of t}lc two clJan:As,
cc~]l~l)illcs,  conwresscs,  alid  packetizes  their clata, ancl }laIIdles  all t raffic between VIMS and t he s~~:lc~,cr:lfi. . . . . .
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‘VISIBLE CHANNEL 113 CHANNEL 10J~=M

P[ c1 f~AL :

Spectral CovaragO

Spectral Sar@ing

PAI IA1.:
Inst. Field of View
(lFov)
E ffectivo IF OV (= 1
Field of View (FOV)

wath Widtti
(to nlake a line)

0.35 to 1.05 }Im 0.85 to 5.1 pm 0.35 to 5.lpnl
(VIMS-V  can bo shifted to 0.30 to 1.00 under special corrm}and) 0.30 to 5.lpm

7.3nm f spectel “ 16.6 nm / spoctel
(96 bands) (256 bands)

● (five 1.46 spectels  are sumnled to= one 7.3nm nominal spectel)

0.17 xO.17 rnrad

F’IXEL) (3x 3 sum)
64 pix(l  .83°) X-axis
64 pix(l  .83°) Z-axis

576 IFOVS (3x3xG4)
ln~ago Size Variability 1, 12, 64 pixols2
Image Scan Motion 64 lines on Z-axis,

in 191 0.17 mrad steps
ILGIS_l  RATION
Co-alignment (between channel foresights)
Spect ra l  (spectol-to-spectel)

)P-l IC:A1 SYST”E M
[ ffective Focal Length 143 nml
f/#/ f13.2
A-Omega 4.42 x 10-7 cnL? ster
Geometric throughput 100 v.

;F’E Cl FIOM[ I E Fl Holographic grating
E ntranco slit wicJth 20 yrn x 6 mm
Grating blazes two Iaminar depths
Grating groove density 349.8 grooves/nrrl

N-F LIGtll CAL IRRA1 ION:
Spectral (internal) 2 LE [>S

Spectral (external) Solar Calib. F’ort
Fiadiometric Stars
Oark Signal Space Elackgrounci

)E “[E CJOFIS:
1 ype Si 512x 256 (2-D)
Active area 24 x ?4 pm/ F>ixel
F’ixel separation 24 jlm
Quantum Efficiency 0.13 <Q <0.41
Max. Charge  Storage 3x105 e-V, 9x10c’e-tl
Flead Noiso 10 e- rms
[lark Current 40pNcnP  @ 2?”C

)FK)E”  FI SOF{l  ING FIL1 E FR:
First Segment 0.30-0.60 ~Lm
Second Segmen! 0.60-1.05 pm
1 bird Segment
Fourth Seanlent ‘0.30-0.49 Ltm

0.25 mrad
x 0.50 mrad
(1 x ? on-chip surrl) 0.5 x 0.5 mrad
64 pix(l  .83°) X-axis 64 pix(l .83°) X-axis
64 pix(l.83°)  7-axis 64 pix(l.83°)  7-axis

128 IFOVS 64 X-axis pixels
1, 1?, 64 pixels2 1, 12, 64 pixels2
128 0.25 nmd
IF OVS in X-axis, 64 lines in 7-axis

pixel
pixel

426 mm
fll .86
4.37 x 10-5 cm’2-ster
55 ?’0
F’lane  grating
O.? x 2.4 mm
three ruled angles
36.2 grooveslmm

1 Laser Diocle
Solar Calib. F’ort
Stars
Closed Shutter

lrlSb 256-pixel (1-[))
103 x 200 l~rrtipixel
123 pm pixel-to-pixel
> you/.
. . 2.5 x 106 e-
55000-
3 pA @ 640K

0,8-1.63 pm
1.55-3.0 pm
2.91-3.88 urrl
3.86-5.1? ~(nl using  a 3% linear variable filter

‘(lumigon;oating  on CCC) for conversion of s~ort’wave  photons to detectable wavelengttls)
I F Cl FIONICS:
[)igitizition 12 bits 12 bits 12 hits
[’ixoi Integration 1 imes 80 msec to 130 sec 13 msoc to 1? sec
System F’ower  (F’eak Image)
Telemetry Out Data Flate

F’eak-  ?3.9 W
183 kbitisec

[)ata Compression .

)F’E FIA_llNG  1 E MF’E  F{AT  UFIFS:
>?tol

Detector -40°c to -20 “c 60K to 77K (-213°C to -196”C)
Or,tics -loto-120°c -143 to-ll:3c
E ioctronics -70 to +50 “c -20 to +50 c -?Oto +50 C ~ME’).- —- .—— —  . . 1  — . .

‘1’AI 11 J; 1. VIMS I JIIXIGN S1’I’ZIFICX’1’IONS SLJMMA1<Y



4. VIMS OPIiX?AT1ON
VIMS-V a]ld 1}< work in unison  to provicle  r]ata  that ap])cars as if they were H]aclc  by a single  device. I)uc to
tllcil”  diff~l”cllt  dt!tCTtO1”  CXHlfi@ratiO1lS, ]lrcd~e SylldH O1liZ:ltiOll  Of ttldI’  IIliI”l”OI” IllOtiOIl allC~ data W]kdiO]l

is cxitical. IIecause t]ie Visib]c  ~hallJ]d  llses an at ca array ~haT”gc-CoLlplcd  I)cvicc  (CX1))  dctectox- i t
accluil  es its data hl “IILlSl]-lll-OOlll”  lnodc;  i.e. it views olm row c)f a square scexm at a tillw. “1’llis  row is ilnagcd
as C)lle I“ow Clf ]Jixcls 011 the C2CI ), allci tllc! spc!ctrc)II)c!teI”  s] JCd I’dIy clispcI”scs  lllC  illlagc of LIlis  10W so that Cacll

rc)w of tile ~,C3J views tlIc iInage ill .3 CliffCrC!l]t  wavcbal]c] Cmlltiguous with  its llcigllbOrillg  rows. “1’0 :lcq~lire  a
sq~larc i[ilagc  the CXI) k+ read aflcl-  each  )-OW is acquirccl  an(i tile Illit  rcw XIlcwcs to tllc next  row in t}le  scwnc.

‘1’llc 11< Clianncl  detector. cw Focal  I’laIlc AsscnlllJly(I’I’  A), uses a litlcar a~”l ay clctector  so it acquires its c]ata
ill “w}liskl]rooln”  ]Hocle,  where it views only a sjnglc  spa(ial  pixel ]wr exl)osurc.  “1’}lc sped] omctc,r dispelscs
tile illlagc of tl]is  pixel on the 1“1’A SC) t}lat each cletecloI  views  tllc  Ilixel ill  a different  cont iguous wavcba]ld.
‘1’o ])lovidc syJ]clIroHous  data with  the VI MS-V, VIMS-IR ]nust  SWCC1) its sing]c pixel field of view alorlg  tl]c
idcl]tical  l“ow ill  t]lc SCC1]C that tJJC VIM S-V is ol~sexving wit~li]~ tl]c same exposure  ti[llc. “1’o crcatc a twcj-
diI1]clwio]lal iIl]age, tllc two channels bcgill  at tlic top of tllc desired SCCIIC and acquire clata x-ow by row. “Jllis
] cquims  ]Ic]-feet sy~lcllrollizatioll  ald cxce.llcllt  gcolllctl-ic  alig]ll  I]cl]t.

‘1’lle pixel su]lll[li~]g  anti it[lagc scannil]g  pxoccss  is illusirdccl  iIJ Figure  3. IlccaLIsc  of their diffel-ellt  clctector
sizes, e.acll cha]]llcl  Itlust  syI]tlicsizc  a sciuarc  ]Io]llinal sys~cIIl  ]~ixcl  (().5 x ().5 lllracl)  by sl]l~lllli]]g  lllore t?lan
011(! c!x~)oslll”c  o f  cacll dcteclor. “1’lIc  11{ FI)A l]m ]-cctar]g~l]ar  clctc.ctors,  s o  it builds  a square  lFOV by
co]ltil]l]c)l]s]y  itltegratillg  while tllc  ]llilrcn  ll]cnws  cwcr twc) l-CCtaI]gUla I- II:OVS. VIMS-V  ~)ixck+  alc 0.167
I1lI:ICI scIuaI c, SC] a 3 x 3 grid  c)f VC.CIII  ]Jixcls  is SUIINI]C!C1 to c!qual  OHC syslell)  ])ixcl. “1’0 suIIl 3 111’C)VS ill one
dilncnsion  tlie  VC.C)II  steps  its ]nimcw twice while coI]tixluomly  iIltegI a~ing Cluritlg  a siIIglc cxl)c)surc Lillle.
‘1’lICXI  tlLc VCE  collllllands  tllc  C.CIJ to suln  every  tll]-cc  ])ixcls i]] tllc othcl  clilllex]sion u])c)n tlal]sfex  to its
1101 i~.olltal  rcgistc:-. ‘1’llis  resul ts  in an eqllivalc]lt  0.5 ]I]racl square  IFOV  ])ixcl. (1’ivc  ])ixcls at-e finally
stllll~[lcci  irl tllc  s])cctl-al dilnensioll  to ac}licvc  tile s]wcifiecl  nc)~ninal  Visil)lc  s]xxtral  barldwidth  of 7.3111  u.]

(3 S1 E FSA lNt ) IF{ CtlANNE [
F AS1 SCAN OIF{E.C1 ION

(2 SIE F’S/PIXE 1, 1?8 S1 L F’SLINF )

VISIL!{ E
GIANNE  1 I -1[ ,(7 r{

,L( . CtlANN[ [,.

L.-

Figurc 3. VIMS I’ixcl Syl]tl]esis  allc~ IIIlage,  Scallning



!5. VIMS OPERATING  MODES

VIMS can lx o]mratcd  in a variety of Inodcs  detcrlnind  by several parameters. “l’lie pararncter’s  of image st~e
( lx ] ,  12x1 2,01’  64x64  p ixe l s ) ,  alld  iIltegI”atic)n  liIIle mos t  diI”cct]y  C] CteI”IllillC  t]le data l“ate.  VIMS can also
opel-atc ill  “]milli”  or “line” Inocies for s])ecialize(i  investigations. l’oint  Inoclc nleasures  s])ectra at a single
])oillt  ill  s])ace;  line Inodc  llwasures  a single  line in s])ace wllicll  is useful for fast object  flybys. Poinl  Inc)cle
will be usd for occultation studics~  where a star spectra is tracked as it passes bdiind  an atmos]dme.

6. IN-1’LIGII’l’  CALIDRATIC)N
l’c~ ]~rovidc in-flight calibration of spectral perforjnance  a ])c)r~ for viewing  tlic  Sun was incol-po]  atecl  in
cacll  cllal]ncl.  Tile SUII is an Icleal  calihratioll  source because its spectrum is well known over the V I M S
s])cct] al range al]d bandwidths, and because t]le sun is the c!xterlial  lig}lt  source fc)r VIMS it[)aging;  . Alsc),
sil)cc t}lc  Cassilli-~JVIS  irlslrulncxlt  will poilli  a special  1)01”1 at the SUII as IEII-t C)f its ex}writllcnt,  l“egula?’
o])])c)rlullitics for sun acq  Llisition  are availab]c. 1 lotll 1}< and Visib]c  C}lanncl  sc)lar pc)rts are co- al igned
with  tlic LIVIS ]KMl at 20° off bOI-CSigl It. Also, cacll  lCICSCO]X  has 011 board ]]ar] ow handI)ass  soLlrcc!s  (1.1’:1)s c)r
laser diodes) wlIich  will bc USUI to check for spedd registration shifts after laLIncll,

7. THERMAL DESIGN
VJMS, part ic~llarly  tile 11< Cliallllcl,  is }ligllly  CICPCXICICX1l on its ability tc) s~ay very cold.  ‘l-lie. two optical
systc]]~s lI)oulltecl on tile C)j)tical F’allel  Assc]llbly  leqllil-e o])cratillg  tell]lxratllrcs  Il]ailltaixlcd  at a  wicle
raIlgc  of tclllpcratutc  cxLre.Hws ralging  frmn  -21[5*C (6011) at tllc  11< WA to + 15° at tl]e VC~. The 11< WA
silll])ly  will  not  yie]d Llsefu] Cla[a  aL tem])cu”aturcs  ahOve 80 KChi I1. l’l Ic t]leI”IIlal clc!sifgl  was  adlicved with a

vaI icLy of tcwll~lic]Llcs which were analyzed  aIJd coordinated Llsing colllputer  tllcrlnal  IIloclels  aI]d VCI ifiecl in
test. III ]mdicwlar,  the VIMS-IR clcsign rdic.s  CJII  low c.xllittallcc coatings t-c)  lninilniz,e radiative }lcat  transfer.
llccc)llt:llllirl:~tioll heaters  arc ]Ilounted  to tile  IIIost c r i t i c a l  sLlrfaccs  to plevel]t  t}lesc ccmti]lgs  f r o m
collt:ll!iillatic))l,  which COIIICI dralnatical]y  altCT tlleil”  pc!rfc)I”I:lancc  aTIcl t}lcrcfc)rc  tl]e ])c!rfm I1mlcc of VI MS.
SiI~cc Lllc 0}’A is Illc]unteci  clh’edly to t}le C.assilli  Rc.IIwte  Sensing I)allet (RFJ)), the s])acecraft l]laintains  the

tcII~I)cI-atIIre  c)f tlIc 01’A pallet  at the s])acccvaft o])eI-aiiIIg  tem~)cratuI  e. t)y ccmclucticm. ‘1’l]is is clc)sc  tc) ltIe
d e s i r e . c l  c)pc.raLiIlg  tcnnperature  of all tllc VIMS clcctI’ollics  md tllc V~C)l 1, which  Inakes it co]werdeIit to

tllcnllal]y  cc)uplc these components to the pallet  with a IIarcl  high ccnlclLmtal]ce itlterface. Aclclitiol~ally,  tl~e
ll~ultilaycl d illsulatic)n  tha L covers the pallet also e]doses  tllcse colnpc)nerlts. ‘1’he  11{ Channel,  1}< W’A,
and Vis ib le  C.C.1) arc tllcrlnally  isc)latccl  frolll tl)eir r e spec t ive  pa l l e t  illterfaces. “1’lle  11< C}lallnel  is
colldLlctivcly  isolated froln the pane L with titatli~l]ll  kinelna(ic xnoullts.  arid special low conductaxlce  cables
111illillli7,e  the ]leat  a d d e d  t o  lIIC 11< Clla~lllel  throtlg}l its clcctrica] cablixlg. “I’]l C C) U(C!I’  Sil l ’ f~C!C C)f tlJC’ 1}<

~lIaIII~cl i s  ex~losecl  to space allcl tlILM SCIVCS a s  a  tllc.lmal I“adiatc)x-  to COC)l  i t s  o~)tics aIIcl sLrllcLure.

Mtll Lilaycr ins~llatioll  be tween  the 11< Channel  alicl  tllc pallet ll]illi~llizcs  L}le }Icat  trarlsferred  to VIMS-IR
Lllc] c. Al] addi t ional  shield  is IHovldecl hctweell  tile IR Clmlmel  ancl the il)l~c)ad adjaccllt  walln  s])acecraft
1)11s. ‘I’l Ic 11< ~}]a~]]ic]  OLIICI sLllface clc)es ]Iave a tlIcrII)a] view to the s~)acecI aft’s lIigl I gail) al~tcl}~la  (I IGA).
1 Iowcwc], tile IIGA tclll]jeratL1l’c!  is ~X~”KC[ed to be llcal  t}lc tclll])el”atLlle  of tile 1}< C]]anllc]  at SattIrI~,  so the
1 lca( al)sorbc.cl frc)ln  it will bc slllall.

IIlside t}lc! 11< ~] Iamlel, a ])assive  rac]iative  COC)]C1”  i s  Llseci  tc) COC)] t}lc! II< F}’A t o  i t s  recluilcd c)])cl”atillg
tcllll”H’atLlre. ‘1’lle clctcdor  is l)m~ll~ted  to a cold fingcl c.xLendil]g  fro]]) tl)c cold stage of tllc cooler that is
coJlduc~ivcly  isolatecl frolll tllc c)ptics  structlll-c  with  fiberglass S~II)I)C)J-l  bal ICIS. A low concltlcLancc  fJexl)rillL
libboll  cal)le Illillilllizes  tllc }ieat  l e a k  tlalwfcrred tljto~lgll tile  cat)]cs  to  tile 1“1’A. I(’ox tlic sanlc lesson.
l]ml@~lill  wire is Llsed for tllc la] gcr wiles llcccssal y tc) }mwer tllc  ladiatol’s  clccoxlt;llilil]atic)l~  llcatcrs.  I,OW
clllittancc gold-ccmtccl  suljfaces  insicie tllc cooler  Inillitllize l-acliativc neat tralusfcr,  al]d  a golcl-eoatcd  sllielcl
SU1”I’OUI1[IS  tl)f2  cO](1  Sta~C to dil IliIlatc I“i(!at ~:liIIC(l fI(MIl  :ldj WTIlt iIIStI LIIIICI1(S and S] W!CCl”:lft  sLI’LIctll  N!.

‘1’lIe VCWI1 uscs a flat ]datc larliaLor  to cool LIIC! (XX). ‘J’l]c  fiat  ]d:ltC k COIl(lUCtiVCly  iSOlatC.(1  fI 011) t~le O])tiCS

}Ic)IIsiIIg Oli a tjtallillm  tl-ipc)d,  and a cc)]d  f i n g e r  CXIC!IICIS fI”c)l Il t}lc fJa L ])]ate to t]lc C:(:I)  ]c)c’atc.d wit]lin  t}lc
O])tics hollsitl~. ‘1’lle CX1) is Illounted to tllc. illtcliOl”  stl l~cture wiill a low collductivc  titanill]fl  strLlctLlrc.  “i’]lc
flat ]datc  radiatc)l is co-planar wiLll the radiatcm of ot]ler  adjacent illstrulncllts  so jt IIas a f[lll view of space
without  tllc  usc c)f addj[icnlal  sllidding.



‘J’hc VJMS  V i s i b l e  ChaIHIC17’8  (VJMS-V) is all ill~aging  s]wctrcnncter  optimizcxl  for Iligh SIKXLIZII and
s]mtial  rcsoluiion  opmaticnls  in the ulhaviolct  to very JIcar illfrarcd  sI)cwtral  regi:ne  (0.30 to 1.05pIn). It
CXN]sists  of al] optical head (VCOI1)  cxNIJdcd  to al) dcctro IIicsl)ox  (VCK), botlJ ]I]ountcxl  to tl]c VIMS cq)tical
]mllct  :i~l(lil]tc]-facc{l  tot}lc  MI’jvlatllc Sl’I’J. ‘I’1lc  VC()}lis ill~lstlatecli  llfigt11cs4  & [i.

8.2 Visible Channel Optical Head
‘I’IIc VCXNI tdcscxq)c  is an off-axis Sldcrclcsi~n  col~sistillg  oftwol)ailso  fcol~cc~~tlicsl)  llc. xicall~~il"rors.  It
isccqdcc]  to”as])cctl”olllctcl”  tlJatlllatclles  tljc tclc!sc!opcf/#1  :illclllscs  aTlllllcol’l”ccLccl  convcvigratin  gin an
Offncr  rday configuration. At tllc  focal  p]al)c of tllc!  SPCCII-OIIICLCI  a CC]) clcLccLor  is supporlccl  within  a
titallilun  cylindrical I@cal I’lane Assc]nbly  (l’’l’A) that  is thcrlnally  isolatecl  and cou]kcl  to tllc. VCY311
lMssivc  radiaLor. l’hc tclcscopc’s  cj])tical  ccnnponcnts  arc nlountcc]  on an opLical  bold]  sup~)orlc!d  by
illtcrnal  kll]mnatic mounts.  ‘1’he b e n c h  al]cl all collqwncnts  a r c  alulninun],  wljich athcrn]alizcs  the
assc!lllljl.y.  l-he scan unjt, controlled frcnn ihc VCX, suppc)r~s and scans tllc prinlary Inh”ror  wiUl flexurd
])ivc)ts.  Al] on-boarcl  C!a]ibl”atioll  unit incorporati~ig  two spcclral  soLH’c!cs (1.142)s) and a solar aperture for
solal  calibration is inducld  in the +7. sicle  c)f the tdcscopc near the base of tllc baffle for solar acquisition
silll~llt:~l)cc)~lswltll  thcll<~hannel  ancllJVIS.

‘1’IIc CX1) k a 256x  512 pixd fl”aIllctla~lsfcrfl-ollL  siclcill~llllillatecl, three-]~llascNMOS clcviccwitlll>~ll”iccl
clla~]l]cl  clcsign. ‘1’hc! VCX)J1 ])1’c)xilnity  clcwtl”oIlics  stl])I)or(s  tile Cm) C] J”iVCJ”, a Fully  l’rograllunablc  Gate
Allay (l’’I’GA) pllasc  gcncn ator. ]n’cal]lplificn,  allqdificr  buffc]. liIIe rcmivms,  a~]cl a bi-lmd intmfacc  t o
switdl  tllc  anqiificr  gain and 1.121)  contro]  circuit.

“I’IIc VCC)JI  can be o]mratd  in valious  ])ixcl  s~IIIIIIIil]g]llocles.  At launch  VIMS-V  will be. set to ol]crate  in
“llol]]illal”  JIlode, i]] which its spectral and spatial sunllning  arc col~fig~llcd  to II]atcll  VI MS-l R ( 3x3 s]mtial
x 5 s]w.ctra]  pixds  (“spcctcls’’)arc  sullllncc] t o  cclual  a “nolllinal” VIMS pixc]).  Via post -laundl  software
])atc]lcs  to tllc VIMS Ml’:, iL Il]ay bc l)ossiblc  10 rc-co]]figll]-c  tl]c M1t to l)]OCCSS tl]c llig]~  s]mtial  (O. 167 Inrad)
CH high SIH!tI-al  (1 .46mn)  resolution data wllicll VIMS-V  is able to prc)cl~lcc in otllcr HIOCICS. lJsc d such
II]cdcs  IWCCIINIC  tllc sillnll~arlccms usc of tllc 11< CHJa IIlw.1.

8.3 Visible Channel Electronics
‘J’llc VCII;  A the controller fcm tlIc  Visil>lc  CIlalll]c!l  al]c] tllc prilllary  intcrfacc  Imtween  VIMS-V  ancl tl]c rest
o f  tllc  instlunlcllt. ‘1’lIC VC2C is  CO]l]ICC(CC1  tc) lIIC MI’: v i a  tllc S1’1’;  fc)r ])owcr,  cc)n]lllal~cls,  and d a t a
tl”al ISl))issic)ll  , all(l  is is C!cnl])lc!cl  to tllc  VC.0]  1 via tllc  VCOI 1 ])rc)ximit-y elm I“c)lljcs. 1( housm folll-  ]lri]ltccl
d]clljt  l) CmI-dS (1’CIIS)  wl]idl scparatdy  suppor(  tlIc stall  IIlirj or  chtronics,  p o w e r  supply  f i l t e r .
accll?isiticn]  aIld thnil]g  dcctrcu)ics,  C3TJ and ]ncmmry,  and II)e]l)cwy intcl-face electronics. ‘1’IIc  acc]uisition
ald till]il~g  dcc.trc)l~ic.s  1’C.1 J il~dudc,s  tl~c.  sig]~al  proccx+sillg  cl~ain al~d four 10’ CIAS that  gcllcratc  tile sigllal,s
tc) CCHJtI o] tllc CCIJ stall according to the paralnctcrs  set by tllc Cl’U. “J’lIc  N’GAs  enable VIMS-V to vary
]~ixcl SIIIIIIIIiI~g, scan ])ositic)I],  il]~agc  frame sixc, al)d exposure till]cs according  tc) C!ollnnallds  from the MJC.
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9. INFRARED CIIANNW,

9,1 ChWvicw
‘1’]Ic  ]I)fral d C]Iall]]C!]  dcSi[~Il  k C] I”aWIl frc)]ll t}Ic! ~ali]CXr  N I M S  illStI’LllllC1lt  Wit]! SO1lIC! ilIl])CH’(;lllt C! XCC])(iC)llS

tlIat vastly il]]])rovc  VIMS ]ml-fcn”ma]]cc  c)ve] NIMS. 111 fact,  nmsl of llIC 11< Cllan]ml  strudurc,  optics, and
]mssivc  radiative coc)lcx is actually a rcfurbisllcc]  flight-quality protc)tyj)c for the NIMS. ‘J’llc 11< Op(iCS
consist  of a Xtc]ll  dianmtm  f/3.5 Ricllcy-C21rcticll  tdcscopc  will]  a scanning sccmnclary  mil-ror  coupled  to a
triple-l)lazc grating spedron]ctcr  with arl f/3.5 IXtlll-Kirkilal]l collilnatcn”  ancl an f/ 1.86  flat field camera.
S~lKX! t]liS illSt  l’lllll~llt  ]laS hell deSC1’ibCC] ill d~t[li]  ])l’cWiC)LIS]y{],  ] 0 

t]liS diSCll  SSioll Wi]] C! OIJU!I)tl :lt~ C)lI t]lr2

c]d]allccnm])ts  to tile NIMS  Iu”ototy I)c wllidl  were llladc for VI MS, S.ulnnlalizccl  in FiguIc  [;.

,,,.’”! Nims  Shield Orientation,, :
A complcte ]ICW 11< FI’A was CICVC1OIM1.

A  2-axjs scan mcxhanism f o r  the
tdmcopc  smonckuy  ]l]irrox  mplacxs
tlm si]]glc-axis  NIMS  xnh’ror scanncx.

A statjdy  l]]ountecl.  3-blaze grati]]g
w a s  built  to rcplacx  the scallllccl,  2-
blazc  NIMS  grati]lg  ancl nlcdlanisnl.

A shutter  ]imhanisn~  was clmdopd
t c) rcplacc  thc N I M S  chol)I)er
Illccl Ianislll.

A  ]]CW on-ljoarcl  solar aT]cl s]xwlral
calilnatjo]l  systcu Il was aclclccl.

A I]CW radjator sl]idd was clcsigld.

New ]adiatol’  and o])tics  CCWCJs  witl]  a F igure  G. ‘1’I]c 11< CIlannc]  (NIMS modificaticms  notccl)
llloclificd  ccwcr rclczisc  systcn]  w e r e
(ICVC1O]X!CI.

9.2 hISb  Focal Plane
‘1’IIc  VIMS 11< Focal l’lallc AsscIlll)ly(l’1  ’A),
dcvclcq)cd  l)y Ci]]cin]lati  h;lc,ctro]]ics wit?]  JI’1.,

@:::e,
Window

i s  a  ]illcal  al”I”ay o f  256 ]Ilclilllll  Alltill]c)llidc FhrCover
(]11S])) ])] JC)t C) C] CtCCt C)I’S WIIiC]J :~IC ]~acl

</<A~ ~,ltar
odd Even

sill]llltallcc)usly  by a pair of lllulli])lcxcrs  (figure Multi- Multi-

7). “J’llc clctcctc)]-l]ll]lti])lcxc~  assc]nbly is G%+ a<~’  t{oldor

II IOHII(CCI III a Kc)var ]mckagc  wl]id]  is dcsigIml C-5@
__ . . ..- --------

“/ —-- 7---”-
!!ex~ ‘lrAb+’loxer

F’tiotocliodes d
tc) cxact]y  clllplicatc  the external propcltics  of ~ ,- ~_. ~Iode  Array/

Multiplexer ‘o r.1

tllc NIMS  ]mckagc. “J’llis  allows  the IU’A to ~~$>j ‘rouF’

~B)

t~ Q .
r I

jl)tcl-face to the cxistjl)g  NIMS cooler, which
/.7 ,:,~e

cl a“
kCCJ)s  tllc FI’A witl]in i t s  60 -771<  c)l)cn”ating ‘-:+.<* ‘ 0  L3 CJ

//
‘o [..} ‘_-

tm]]mat~lrc ran~e. lnsidc  thc packag~  a n d +?,,
o

i ~}
[’l

diI-CCtly cn~m  tllc detmtc)r a r r a y ,  a  set o f  fo~ll
~q>”~’ih:=.,cwdc] so]tillg  filters are precisely mountecl to Flexpnnt

I)rcvcI]t  lljgl]c] oIclcn spcdra al)d out-of-hal~cl ‘&$p< \\\

lacliatio]l frolll  colltall)illating  tl]c l)arrow Ccmector . . . . . . ..5y2~’ ‘“ ‘--
lxi]]cl  light  to bc m e a s u r e d  by each dctcxlor.

F’late .; “

P;adl d e t e c t o r  is 200  x 103}1111 iIl s i ze ,  wit]l
1 23}(111 I)ctwccll Clctcctol” Cclltcl”s. ‘1-}lc

X’igl]rc 7. VIMS 11{ Focal  l’lallc  Assc]]]ljly

llllll[i])lcxcls  arc alrangcd  011 ci[llcr  side of tllc



a r r a y  a n d  e a c h  one is configured  tO l-cad tile  odcl or  even  ~lunlberecl  cletcctol-s  rcs]wctively: i .e.  the
IIlultiIJlcxcl”  on onc  side lCadS the odd Clctectors a~lcl tllc  CVC1l ones  at”e lead by the o~her Hlultiple.xer. The
si,q)al frm) each multiplcxm  is reacl out by the Signal  I’rcmcssing IClcxlronics, where they arc cligitized  ancl
il]ternlixcd  for furlhcr proccssiTlg. ‘1’llis ]Jrovicles  a clcgrcc o f  reclunciancy; if one nlulti])lexer  or its
dowllstrcalll  Signal pl’OCCSSill~  faik tllc C1ala  flC~lIl  the Otliet”  lIlultiple.xer  still cmuld p rov ide  lilnite.cl  ccwerage
(WC]” tllc full Spcct)’al  l“allge.

~are.fully  (higlld itl COIHlllatiO1l  With the VIMS SC.iCllCC. tCalIl, thC. filtel-S WCI”C  COllfi@lCC]  il”l follr  SC!@l K!IItS
WIIOSC spcdral  range  were cleterlnincd  prilnalily  to ac}licve  older sorting  ant] to ensure t}lat  gaps bctwcxm
se,gl[lcl)ts  WC)UICI not occul” in wavcbands  of illlpo]”lancc!  tc) the scicnme invest igat ion. ‘1’herlnal background
rejection was a significant factor in wavdcnglls  abc)ve 3 Inicrons. w}lidl led to the usc of a 3% l inear
vari:lblC  filter as tllc  fourlh  seglllCult. SLlbstratc  compositicms  were bascxl on transnljtlance  in t}le s.cgnlcxit
region allcl 01) cult-of-band  rejcwtion properties- Table 1 lists the transltlission  I)roper[ics  of tllc filter  set.

!3.3 Two-Axis Scan Mcchanisrn
“1’lIc  11< ~llanncl  tdcscopc  secondary mirror  (figure 8) is lIuaunttxl on a two-axis scan Illcclianisnl  designed to
sic])  tl]c illstl-ull~c~]~’s  instantaneous Fielci  of View(IFOV) across tlie  cwcrall  scene to “raster scan” a full field
illla[!c. ‘1’]lis i s  d o n e  USill~  follr  VOiCC Cc)i] Hlotors  to achieve fu]] 2-11 IIlotic)Il,  a n d  lWC) I.iIICaT Variab]e
1 )is])laccll]cllt  Ilansforllwl-s  (1.VI M’) to scllsc nlirror  position. ‘1’llc  lnirror  is sup~)or(ecl at its cen(cr  OII a
~vcigllt-l):[l:~llcccl  alulninuln  clish tc) which tllc  voice coils, a II)ollcditllic  gilIlbal  ring. ancl tl]c I.V11’1’s arc
a[lacllcd.  Flex Llres ill tllc X-illg suJworL tile clisll  011 a tllrec-leg~ccl alutllinlll[]  s])ider  within tl~c telescc)lw  tLIbe.

‘1’lle Illollolitllic  gilnbal  ritlg  a l lows  IJlirror  I1lotioll
abo~]~ two axes of  rc)tation by llleans o f  four
flex~lrcs.  ‘1’llc  one-l)icce  .rlinlbal  ring  and its illtc~ral GIMBAL RING Wlltl INTEGF{AL & SPl[IE F {

flcx~ll-cs wclc desi&d find fabric:;ttxl  of tool siccl. FL E XLJF3A

Flexul-es  ale c u t  i n t o  tile r i n g  u s i n g  clcctl-ic C’11

discllarfic  ]Ilachil]ing  (EIJM).  ‘1’o itllprove  ficxul-e MI F{ FiOFl t\ OUSING
fatig{uc  life (Lc) 20 IIlillioll  cycles), the l’:I)M-illclLlcccl
I-ecast layer was rcnnovccl  b y  an a c i d  CICII &
elect rol)olisll  tcchnicluc. “1’llexltlal  cx~~ansion

ER
r

11< ~}IaTlncl Mirrcw Sca IlrJcr

bcLwcc]I  tl]c! clish, the steel gimbal  a~ld tlic spider  is
accolllllloda~ed  using a second stiffer sysLeln of four
flex~llc.s  c(lt into  tile  top of the ginbal  ring itself, }“~flLII  e 8,

])cl]’)cllcliclll:tl  to t}le  prilnary  flCXUI”CS. Mirror
]aIlgc  is 64 ]Jixds  in bc)th axes, j u s t  l e s s  than 2
degrees of a~ @. ‘
Fc)l” cac}l ax i s  t]]c lnirror  iS C]riven ill ullifOI’111  StCJJS.  lII]age C]ata  is Co]]cctecl  ml]y C]uring t~lc ~ ax i s  sc’atl
IIlotioll  c)f tllc lllilror,  wllicll  then flies back tc) tile ]lcx~ Y axis stal-tilig  ])c)sitiorl  in ]11 e~mration  for the IJCXL
lil~c. l’;acl]  axis is cll ivcll separately by idexltical drivel- ci]”cuits  ill tile  MIC. Fc)r cacll  axis a sepal-ate I.VJ )-1’
])]odt]ccs  a signal  rc})rcsel)ting  tile positio~~  of L}]e IniT-lor i~l iLs a x i s . I’;acl]  I.VI )“1”s sigI]al  is sent to its
cc)IJcsJ)oIlclilI{{  driver  circuit in tllc Mi{; , wllcrc  the sigl Ials arc dclnodulatccl  and a])])liecl  to a suIIlmi~]g  node
il]”a SCIVC) ]001).  ‘1’}ie  s~ll~ll]li]lg  llC)Cle coIIl])aI”cs tl]e 1.VIYJ’ Si@Kil  10 tllc! cc) IIIIIlaxIdcd II IiII”OI” ])ositic)~l. “J’}Ic servo
1001) aIl)])lificI  cil-cuits  a r e  colIl])msatecl  to  o])tiIIlizc sLability  aIId balldwidtll  to achieve tlIC  reqllircc] 5 IIIS

]Jlirlor  stc~)  tIansitioIl  tiIlle.

9.4 Triple-IHazc C;ratjng
llccaIIse tllc iln])rovecl h“l’~ allows silllu][allcc]us  collccLic)ll  of all wavt!lellgtlls  c)f interest, tllc  VJMS-11{  needs
c)l)ly a statically IlloLJl]ted  grating as oIJpc)scd  tcj the scallrlec] grating a]lcl lllcclla~]is~ll  lec]ui: cd b-y Galileo
N] MS. “1’lle VIMS gralirl~ is blazed in t}lrce distinct zones. ‘1’]le sC]CCtC!d  b]aZC WaVelCll~thS ZLlld al”Ca
frac[iolls  were dcsignccl  to c)ptilnizc  tile s ignal  ewe] tllc wavcl)alld  of tile 1}< c}lar]nd. ‘1’IIc groove  spacitl~

(27.6(; 1 }[111) was sclcctcxl  to clispersc  t}lc fil-st  c)rdcr  wavclcxlgtlls 0.85-5. I }1111 acloss tile focal ]dal]c detcc[or.
‘1’11(! fil’st ZO]]C covers 20% of tllc  active area, al]d LIIC second and tllircl  Idazcs  cover  40”XJ c)f tile  active area
cacll. “1’IIc lda~,c wavclc!nfglls arc 1.311111, 3.25}un, ald 4.251H11,  rcs])c!ctivcly.



9,5 Shutter Mechanism
“1’lIc 11< ~lian~]cl  uses a blade-type shultcr  located just before Ulc entlancc  slit 10 ti)c s]]ectrcmwtcr.  h
CCJItNIHI]d,  tllc  sl]utter is activated to block light frotn  entering the spcctro]ncter  in ordcx to record the
colnbil)ed  dark curlent  and tllcmnal  backgroun[i  associateci  with a give~l  nwasurcmmnl. Nornlally  this is
dcum at tile end of every  line scan and the backgrounc~ data is subtracted fronl tile ,subscqucnt  science data in
tlic cx)Ii~IN”cssor.  1’llc shu(tcr driver, Iocatcd  in tile MII: alld  activated from  tllc ]Jrocessc)r.  is coHIIJoscd of an
all~])lificr  ancl an output  driver  circuit collfigurect  10 ]Jrovicle  t)le apprcq)riate  clrivc  to the voice, coil type
actuator in tllc  sliutter. A second coil iI] tile shutter proviclcs  a vclc)city  feedback signal to the driver
aln]dificr  that in}libjts  ringing of tllc slluttcr Made. An l.KIJ-I’llc)to  sellsor systcn] is located wiltliti tile
assc]l~hly i]] a lI~anlier  that allows blade positicm to be detected. I.ight fron~ tile  1.1+:1)  is hlc~ckccl  against
cntcIiIIg  l}IC optical pat]l  of the instru]llcnt. TIIC sllut~cr  was tcsteci  to over 7 nlillion  cycles  at 125 K
tclll])clatlllc.  Sliuttcr  ])osition  is provided i]] ttlc hc)llsckcc])it]~  data set.

9,6 Solar Calibration Port

11’or ttle 1}< ~hanncl,  tllc problcnls  posccl by a sc)lar ~)orl are now to adcc]uatc]y  at tenuate tllc light tc~ within
ttlc Clyllalllic  range c~f the FPA in a spectrally repeatable nlalHlcr,  allCl to utiljze  tile fu]l Olj(ica]  path of t}le
instrLl~nent. Tile  scalar calibration ])or~ takes li,gllt  incident at an a]lglc of 20” from  tile xnaill  apenlure
bcjresigll~  in tllc  clirecticnl  of tile  Qssini  Iligh gain antenna (coinciclenl  with tt Ie UVIS solar  ]xnl ang le ) ,
at(cllllates  it ulliforlnly  by four orders of nlagnitude  over Lllc Ii< cqxxaiing  waveband,  atlcl transrl]its  a 2000:1 ‘
litlcal ly pc)lali~.ed  ilnage  of tile solar disk to tllc lllain  a]]crlure c]f tile instrLllnent. “1’}le area fraction  c)f tile
i]lstl’ulllcllt  cIlt I’aIlcc pu])il Ccwcrcc]  by t}ie  attcl ILlatccl  t)c.alll  is z~])]]rc~xil”[l:~tc.ly  ] / 1000, givi]]g a total  re]ativc
atlellLiatioll  c)f scve~l ordcm of nlag]litucle. Wllilc tllc loc)k  alglc c)f the calibratic)x]  porl is fixed with res])cct
to  tllc spacccrdt, its f i e . l c l -o f -v iew i s  l}IC satlle.  as tllc  illstrLllllellt  tc) allc)w ccmlpensation  of Jlossible
s])accclafl ])oillting  errol-s. IIIC:lUCICCI in tllc  calil~ra(ic)ll  I)CH”l is a laser diode tlla~  l~lay be used to cllcck  for
sllif(s  ill  S])CCLI al lcgistratioll  at Lilllcs  wllc.11 tile solar disk is l~ot ill  tile field-c]f-legard.

‘1’llc illq)act  011 instrLllncnt  optical pcrforlnance  c)f tile solar cd ])or~’s  lc)catioll  Wi(tlill  ttlc Inain a~)cr~ure of
[lIC illstl-Lllllent w a s  nlinilnixecl  by Xnaintaini:lg  a srllal] cross-  sectic)l)al area ( l e s s  than  ]c)(fi) of ttlc ]I]ain

:1]1 CI”LL1l’e  collcctirlg a]-ea). ‘1’Iiis  c ross - sec t ion  illclLlcles  a set of baffles to coxllrol glanc.illg  illcitlcllce
]-cftcctions off its sul-face into the field- c) f-view c)f the inshLlnlent.

I}L]e tc) its gccnilci]y,  tile calibration ]~cn-l out]llli  L)calll  Llllclclfills  tllc entrance pLII)il  of tlte instrLlrI]cIIt  bc)tll  in
spatial cXtcIlt and f/#/. Since tile  entrance pHpil is conjugate to the triple-blazed cliffraction  gr:Ltitlg,  the,
s i g n a l  gel~cratecl  via the calit~l-atic)ll  1)0]’L illulnirlates  the  g l - s t i ng  cliffcrently,  ancl tl]us Ilas a cliffcl-ellt
spec t ra l  ] e.s]~ollsivity,  than tl)at of the Il)ain a])crtLIIe. ‘1’}]is  di(ferencc Illust he C31aractetiy.ecl  carcfLllly
dllling grc)LIlld  calibration  in 01 dcr to sLlccessftllly  utili~<e t}ic  calil~rat icm ~)c)r~ in flig}lt.

9.7 Passive Thermal Radiator Shield
V] MS-II< ~Iscs ttJe sp:LI”e NIMS passive l“adiative.  ccmlel” tc) COC)I ttie. focal plane tc) its o])crating  tcnll)cr~.ture  c)f
aI)}Jl Oxil]latc]+y [io ][ehill.  ‘1’}lc cocdcl” was LIIll Ilodifi  C!d C! XCC])l foI” tlIc c]csi{[I”J of tile SLIII .sl; aclc  W}lic]l al. taches

to it. “1’lic  slIacle  was changec] frol I) a cc)] ~ical desigp] to a design wlIic}l  eIncIgcs fIc)m ttle coc)ler in a I oIIncl

cross-scc~ioIl atd Melds to a sqLme cross scctiol]  at its exit plane. “1’l)is I[laxiInizcs  ttlc coo]cr’s view to dark

s])acc and lcI)tlcrs  it co-planar tc] the (lcfi I]ccl Gwsini l<cIIIotc Sex]si]]g  l’latfollll  (1<S1’)  racliator  ])]ane.

10. SIGNAL PRCKXXSING  FX.EC_XRONI(X
‘1’llc S1’l<: colltro]s  tl]c c)peratio]l,  with logic ])ulses  arlcl  l)ias voltages, of tlic Focal  I’]anc AT”ray }’-l’A. I)uIil~g
cac}l  s])atial  l)ixcl  ])criod,  ttle  1(’PA  clock  t]”allsfcl”s  a s]K!cLI”Ll]ll (a readoLlt of ttle twc) sets  c)f odd  arlc] evc]l
de tec to r s )  frc)l]l  ttle  }1’I’A tc} tile  cliffcre~Jtial  illlnlt  c)f ttlc S1’}:. Aflcl  OffSet alld  gain coI I’cctiolls,  tlke S]) C. Ctl-al
si~l)a]s al’c qLlal’ltizc!cl  to 12 ~Jits and tr;illsfc’l”l”cd  to ttle ])ixe]  bLlffcI” where t]lcy ale ])icked 11]-1 t)y lllc ])roccssc)r
(iII t]lc MI<;) OVC]” t?lc  ] z-bit  global Clata bus. SLltECC~LleIltly,  tllc ])l”CViOLIS  sJ)cctrllIl)  Of  Visit)le.  ~]laltllc~ data

(OIIC ]iIIc bdlind) is a]so picked LIp by ttlc ])rocessoI’ ttlroLlg]l  tllc S1’1;. “1’llis ]) Ic)ccss is ~ovcrncd t)y a litle syJIc

]) LIlsc  wlIicll  ttlc S1’1’;  clclivcrs to tlIc Visible, ~liatlnel  to ])rovicle syncllroni7,atioll  with 11< data col]cction.
CcMmIMnds  to ttlc  Visible CUlanlld  arc rdayecl  t)y the S1’}<:  011 tllc  glc)l)al  chta I)us. I)edicatccl  li~lcs fro~n tllc
M l(; tcl tt uc S1’1; at”c Llsccl to change detectol bi:Ls and gain ]cvds III)CHI  COllllllall(l.



11, MAIN RI.IXl’RONICX

11.1 Overview
‘1’IJc MI<;  gOVCI’JM tllc!  operation clf VI MS, and so is tlIC cwntral li?lk Ix!twcc]l  ilic!  SIJaCCCHlfL  and tllc! Q)tical
]’allct AsscIIlbly.  It is cxn)trcdlcx] by a si]@c  Ccn]tral  l’rocxssing  lJnit ((3’11) cwllplc!cl  to the 4Mb data buffcn”
II ICI II CJI.Y, tlic  two I)ata  Cknnl)rcssc)rs,  and lIIC  SIW. “1’lIc Ml; issues l]arclwarc  a n d  sc)f[warc  cc)ntrolld

s.yllclnonizing  signals for  tllc S1’1’:, the Visib]c ~l]anncl,  and t}]c 11< ~llanncl lllcdianisIn  drivers hascd on
ccn]]]l]al]c]s  rcxxivccl allcl  iJltcrJ)rctcxl by the Fliglit  Software (II’S). ‘J’llc!  Ml<; alsc) Cc)lltains  lllc. VIMS ]mwcr
s~]])]~ly  EU]cl a C2msil)i  }Ius Illtcrfacc!  Unit (1 IILJ),  tlJC  M 1553 bus interfac!c clcsign that  is cxnn]])ol] to a l l
Cassil]i  iIRtIJIIIICIItS.  All lIcatcI ])c)wcr lines and tmlqm”aturc  scnscn’s  are I“c)(]ted tl]rougll  tile Ml’;, although
]ncmt of thmn  arc cxmtrollcd  and nlcmitcn’ccl  by tile ~assini I)ata SystcmI  (~J)S) hIclc]wnclcnt  of tlje V I M S
I)c)wc!l’  State!.

11.2 CPU/PROM
Al] 80CX16 IH”cJCCssor  s e r v e s  a s  the VIMS C3’U, an t ]  contrcds  tl)c? major fulmtions  of the instrun]mt,
il~dl]clillg  Visil>lC CY]annel  cxxnlnancls  ancl data collcwtion  via 3 clata buses. A local  clata bus provides
procxssor  across to the 64 KIlylc  R!!M ant] tile 9GK11y[c  ]’]<(3M  fo~ Flight  Software storage, a ~)rlvi~t~  bus
]mcwldcs CX’U access tc) tllc  I>ata CoImMcssors,  ancl a global  bus (up to 16 bit) proviclcs  acxxxs  to the WE,
1 )ata 1 luffcu”, WC and the lN~J.

11.3 Software
‘1’llc ]Im]mgcmcmt  of co]nn]ancls,  data and instru]ncnt  Ccmlrol  is llnc]cr sof(whrc  cm]ltrol.  Writtcm ill  ~ ancl
ill asscllhly  cock  WI ICI c nccessaly,  the Night Software (FS) re.sides in I’ROM. It is ad{vatcd as sc)on as the
jllst I”llllK!llt  is ])owmd  011. I’lle FS was iIlq)lelllc]Itecl  so that the p]-cyyal]l  ca~l be ll]odificx]  via ])atdl pc)ints
]cmatccl  tl]rcmgllout  the ccdc. ‘1’his  was clone tc~ cn~al~lc I)ossiblc, e]]llalxecl  investigations that wcm]cl  reclujrc
soflwaw I]]odjficaticn)s, ancl to acwom]]oclate  any  otllcr  Coclc changes that mip]lt  be rcquircxl.
I )ata lnana~cllm~t  iIwJlves  cmlleding  sdmcx data from  the S}’1+; jn spcwt ral cmlcr, and )eformatti]~g  il
(J’c)tatc  jl) tc) spatial Clrclc!r  fen” coln])rcss~on. Af[cr cacll  lillc  c)f spcwtrum  data is rotatcc],  it is tlansfcrred to
tllc. c.cnnIHcssor.  After eolnp’cssion,  t}le clata is ]]ackdixccl  in stal~darcl ~assjni packcls,  slorccl ill il~c 4MI>
d a t a  l)llffel”,  allci  t]lcnl  tl’allsfc!rj”c!c]  c)vc!l” tlIc g]c)l)al C]ata bus  tc) t]lc lI1[J fc)l Iclay to the S])aCC!Cl”EJfl  allcl  l]Ic.
I’;al”(ll.

11.4 Data Compression
‘JIIc  VJMS Ijata ~cH]lprcssoI’  (IX) procxsscs  the on-l)c)ard  VIMS clata with a conprcssion  factor of 2.5  to 3
l]sillg  a flllly lcvcvsiblc  cl-l 01 -free algolitlll)l. “J’llc  ])rc)ccclurc  is initiatec] at tl]c c]lcl of cacll  line sca]l.  ‘J’IIc
ccn]q)rcsscx]  units  arc subsets  of data (“sul~-sl ices”) c)f 64 pixds x 32 spcwtels,  which n]ake u]) a sdf-
ccnwistcnt  clata set. II] tllc  plc])rcwcssi]lg  p]lasc,  tile lalgc  briglltlle.s.s  val-iatic)ns  whic]l  arc tllc clc)lllil)ant
CCH1(I  ilmtic)ll  t o  cmtrcq)y  ill lIIc colnpressic)ll  wc first  cwaluatecl, sllbtractccl and sc.paratdy  cmccxicd.  “1’llc
])] c] Hoccss~Iig algoritlll~)  i]lduclc%  clark CUIJCIIt  subtraction as colnnlandcc]  l)y the ~1’lJ.  All autoll~atic  gain
acljllstlllcllt  is alsc) available tc) re.clucx tl~c. illl])act  c)f ])llc)iol] noise cn] tllc Conqn’cssioll  ratio, ‘1’lle  arrays
wl)icll  rcslll~ fro]]] tile  prcproc,essillg  al-e b i t  cllcc]dccl using  the l<icc  algc)ritllln.  ] ] T]JC 1)~ takes
5 lllic.1 c)sc,ccnlds  to colnlnwss  a 12-bit dcnncnt  allcl  1.76 111.scc  pcr  conqddc  s]xxt  rum which  is less  than 1 5%,
of tllc clllty  cydc cc)l~cs]~c)llclil]g  to tllc  sl]ortcst  11< illtcgratic)l]  tjl]lc, 13 Illscr.
‘1’]lc IJata Ccmlprcssol”(]  ~~) o]wrates  as a co-proccssc)I’  fc)r the VIMS ~1’~J. It js built arc)~ll)cl  a I<lS~, AI)SI’
21 ()() digital signal IH”ocwssor  running at 6 MI lx using  a 1 lalvard ardlitcxture  with separate data ancl
IHOgI al] hlscs.  I’l]e IJS1’ boarc] also induc]cs  a 8 kworcl I)ata Mcl]lc)ly,  a 8 kwcud I’rograln  McInoI-y, 1’ROMS
al)cl  a 24 Ml I?, cwdllatol’  couplccl  t o  a  4 tinlcs  diviclcr.  ‘I’l Ic ~1’~J intcrfidcw in Lc@ates  a I)ata Mc.lI~ory
ackl)owlcclgc  gcncratcm, a n  ]/() ac]cll”c!ss  C] C? COC]C!J”, a FIF(),  a l“CaC]/Wl”itC  ~C1l Wat O1, a ~1’[J illt C!l”j”ll J)t
gc!lJcI”atoI”,  a l“esc!t circuit, a I“c!sct  ]ogic,  1/~) buffcl’s anti a powc.I  switcIJ.  ACCCSS to (lIC CPU is llladc! tlJrough a

])livatc  })~ls l)y II)cans  of two 16 bit Fll”os  located  i]] tllc (H’LJ. At reset titllc, tile ~)rograln  stewed jTI I’J<(JMs is
dc)wll ]c)ac]c!c] into t~lc faslc!l” IMM ill less tlla; l 2 IJWCW. “Itic) coIn])lcte. I )(k arc ~)roviclcxl: citljcv  1)~ call  be
IIWXI i~ldc])c~lclcmtly  by tile  VIMS ~1’U. ‘I’l Ic, 1/0 bllffms  arc ])C)WCO”CXI  o]] ]xnm)ancnltly bllt  am I)ut ill  hig]l
ill]]dancc Hlcdc. wIIC1l  tlic Corrcspc)llding  colli])rcssor is c)ff. The  dcsifgl  of tl]e power switch  protects the
1 )(: af<ail)st  ]mssib]c  latdl-llps.



11.5 Buffer Memory
A 4 Mbyle clata buffer’ (DH) temporarily stcnxx coIilpre.ssed  VIMS data prior  to transfer to the spacecraft. ‘1’he
]Jll  k CC) IIIPC)SCCI  Of  tWO lCC]LlllChLIlt pa~eS Of  2 Mbyb2S CaCh,  Wllidl  CXiIl bf!  iSOlatC!Cl 01 C! Ilabkd by C]irC,C.t

co; mIMI~ci.  Eadl page is conlposccl  of 32 “sectors” Organizc!cl as 4 lines by 8 colunlns.  A scc!tor  contairis  two
321< x 8 IneInoxy  chips cont”lcdecl  in paralld tc) adiicve  a 16 bit strudLll”e. A I)ireCt MCII1OXY ‘IYansfel”  lIIocle is
USCC1 with  typical times for write and read processes of 240 ancl 140 Ilsec  res])ectively.  I.atdl-up plc)tection
illtcgratccl  in onc ASIC is included on each coluImI  which can he switdlcci off arlcl  011 incliviclually:  an
autc)lllatic  switch -c)ff  occurs witliin 1 1 IIISCC of reac]ling  a 100 IIIA current tllrcsholcl.  IMvelopcd  by tile
I )assault  l:ledrolliqllc  French  Colnpany+ tl~e 1)11  is n~acle of cnlc boarcl  oldy, an alunline  plate wit]]  den]ents
for c)nc page! 011 eac!h siclc. It uses thick fikn integration tecllno]o~~,  fully sI)ac!e clualifiecl  by fGNIIX. A tight
lasc!r sc!alc!cl hoLIsiIlg  protects the coIllpollc!Ilts aIIc]  x]]akes a bc)x  Wllidi  is Ckwtrica]]y  interfaced tl]rollg}l  a 65

])iIl KN1l Co]lnc.clor.  A special conical nlc)untillg  systelll  silnplifies  instal]aticnl  or xmnoval of tllc 1)1 I circuit
anti cq]~illlizjes  tllcmnal  co]]tact of tlle 1)1 J to tllc lllai~l  sLI])])c)rl.

11,6 Support Function Controller
‘1’lle  Suppor~ FLlnction  ~onlrolle.r  (SF~)  prcwicles tlie  b a s i c  docks ancl tixning s i g n a l s  t o  coc~rclil~ate
il)stlLllllellt  operatio]ls.  prilrlari]y  lllirrol- scan timing  ant] clata c o l l e c t i o n . Af~er plcwessing  a  mc)cle
co]nn  Ia]]cl, the ~]’[J addresses  ancl progra~ns  the SIT tirl]crs  wi th  appropr ia t e  timirlg  variables fc)r
synchlc)lli~.ixlg  11< il~tegl-ation tilnc  with  Illirrc]r  clwell  tillle, inter]jne  clday,  ir)terfrallle  clelay, VIMS-V line
S.YI]C pLIlsc,  alld  various dc)ck  signals. I )Llling each ol)cratic)llal  I]locle,  tllc  SF~ coIltrols these olwrations
alltollolnously.

12, GROUND SUPPORT FIQUIPMF”Nr (GSIS)

111 orclcr  to sillnllate the ~assini  spacecraft environl~lcnl  anti tc) l)rOvidc a clir-ec~ Lwer intcrfacx Cl{lring  VIMS
ic!s(illg, its GrOLIXld  SLlppO~t Kclui])lllcnt (GSN) sul)})lics a n d  coTltl”ols  si)nulatecl  C2ssini S])acecraft  ])ower,
lmatel-s,  and s])c~ccclz~ft-le.vcl  ccu IN Ilancl allcl  clata interfaces. 1’lIc GSI; is il)stallccl  in a lrlc)bile  6’ rack of
sLIpporl  electronics clriven  by a SL]n Sparcstatic)n 11 runnirlg  SLIII LX 4. 1.1 and Cll)en  I,oc)k  2.0. ‘1’llc Sun is
co~lfigllmd  with 32 Ml) RAM, a (300 MI] scicncx  clata clisk, 1.2 Gll elcc~ro-optics] clata alellivin~  clisk,  ancl 4
G} J llA’1’  bad{{lp dl”ivc, and tile  COIIlpUtCI” C~laSSk  R EiLl@llCIltCC]  wi~}l aIl s-flus tXPaIMiOIl C]laSSk  ~lOL]Sjtlg  3 S-
1 Gcl I)MA  ccu]tdlcls. The l“:LCk ]IOLISCS  tllc colllputcr  chassis. a progratn{l]at)le  silllL~latecl  ~assilji  Spacecraft
])owel-  sLI])ply,  clectT-oxiics  COIltrO]liIlg  sirllulateci  s])acccraf(  Ilcatcrs and tcll]])ex-ature  serlsol-s, ancl a pc-basecl
R1’11] (I<cnllote  ‘1’ellllinal  ]ntcrface  lJ~lit)  t o  silllulate  s p a c e c r a f t  l)LIs  insLrLII1lc!nt  conlI1lanc]  ancl clata
accluisitioll  sec]ucmces. “1’llc GSN software. provides a gra])l~ical Llsrr inLel”facx! for instrulIlcnt  ccJ1nlllaxlcling
allrl fc)r jlllagc.  c u b e  accj Llisitiorl, clisp l ay ,  ])~orcssirlg,  axlcl al-cl living. ‘J’llis incILIclcs  le:L1-~iltlc  clata
clcwol]l])mssion allcl  forlnatling, illlage  pxc)ccssillg, aI]cl  spect] a l  plc)tting functic)ns. ‘1’lIc GSF; software
stI1)])orLs  VIMS test ing  froln  the e]c!ctrcnlicx  sLllJsysLcIII  ]evd t~ll’c)Llg}l  fLl]]  illstrulllc!llt  C a l i b r a t i o n  a~)cl
spacxmaft  integraticm. Alkx-  laL]nch, the GSII; soflwarc  will be USCC1 tc) ~)rc!])are al~cl test cc)ll)ll)al)cls  ])rior to
t [ ans]nissicm  Lc) t lle spacccl”afl,  allcl  tc) clecolIl])l-ess  ancl prc])rocess  clown lillkecl  claLa.

13. GROLJND  C!AI.IBRATION SYSTEM

l)LIC tc) tile cryc)gc!nie llat~lrc  of tile  IR F}’A, Calil)l-aticul  ancl func t iona l  t e s t ing  o f  VIMS c)n the ~g”ouncl
lcc]ui]ecl  a 3 lnetcr cliallleter  clyogcllic  VaCIILIIIl cllalllbel-. ~]eCaLlse  Of its hi~]l d~il~  [)])~ra(il]~  CX)st, a CL] StOIll

systeln c)f Calibl”atic)ll  ecluiplllc,llt  wllicll  aLltonlatccl  t}le le~)gt}ly  llleasurclllcnts  and Clata lc)g:illg  w a s
C] CVC]C)])CC].  A ]lig;}] CJUality  C’o]lilnator  SySLCXII  illtcglatec]  wit]l a 3-axis Cc)]ll])utcr  c!c)IIL!o1lcc1  sLaSe at t}}e focal
])la]lc  allc)wccl  for tile  ill])ut arlcl  ]Jrc.cise  ll)ovclllent  c)f calibrated targets acx-oss  tl]e iIIStI”L1l  IIC’l”Lt fielcl-c~f-view.
SCWCI-al  cL~r~c,xlt-co]ltIc)llecl  calihratccl  light  SOLIICCS \vclc Llsecl  in coliJLlnctic]l)  wit}l a  cc)lll])Llte]-cc)IJt  lc)llccl
sillg]c!  ])ass  Illollc)c]ll”ol  Ilatol”  for S])cctl”a] arlcl x-aclic]lne  Lric CEL~ibl”atiOI1. ‘1’he ellti]-e calibration sysLcIn was
lil~kecl by a Macintc)sl]  co~~l])uier to tile GSE and the illstl”Lllllen  L. ‘J”]Ic  MacinLosll  was ~)rc)gra[lllllecl  Lc) ],rcpale
tl]e sources atlcl target pcwition, Colnlnancl  t}le  illstl  urncnt  tc) its a])])rc)])liate  ]nocle  via tile GSK, a~]cl  Lc) rcworc]
clata rctl-ievcd  flolll  tl:e ~zSIC itl a cl:Lta log alc)llg with  I“CleV2Ll”lt  calil)ratioll  SC!LLII)  clata. Autollmtecl  sec]uences
allcl  data Ioggillg  fol Inats  for s])ectl  al, raclic)lllctriC,  and gcc)lllct  I-it Calibratic]ns were ])~.c~f~l.atlll]lccl,  as WC.11  as

a frcx fcmll  :IlanLId  contrc)] enab l ing  ex])[:lilllellt;ltic~ll  wiUJ the  se tup . O])tieal  setups ant] calibration
SCC]LICVICC. S WC!l’C clevisecl  t o  llleet  tllc  scicllcc  tealn C.alil)latic)ll  ])lan  w}licli illcl Llclec]  l“acliO1llctl-ic,  s]lectral.
gcolnctlic,  ])olal-izatioll, flat-fie]cl, allct  solal-  Cal ])c)l 1 calibratic~lls.



14. PRELIMINARY RF’HWLTS

‘1’l)is ])a]w]’ is bCiIIg pI”cscIIte(l  as tile  VIMS iIIStrUIIICIIt  i s  bcin~ pI’c])artxi  f o r  delivery  to tlIC Cassilli
s}mmraf( for its final illtq.p”a(icn)  in prqmration  fm spacxmafi test ing and laIInc}J.  All VIMS fllnclimml
tcstjng  allcl Calibrations  lJave bmll sumxssflll]y  cxnlq)lctd,  and I)relinliIlary  a n a l y s e s  illclieate  its
l’(?C]lliI’(>l  J) Cllt S ]J:lV(2  bCXHl  11)(!( 01 CXX!C!dCX]. “1’] JCXX! ]) C! I”fOl”JIKUIN  and calil~ratic)ll  ana lyses  at’c ((l be tllc
Sllb]cd  of flltul”c!  publicat ion,  lJOWt!VCl  Wc plcvicw  S01116 of tile l“W$ll]t  S }J(!ll!il)  to C] C’Il)OIIStl”at  C t]l(l

Opc!l”atic)l]  of ille ills(l”ll  Illc!llt.
14.1 Sensitivity

CIII’l”CII(-COII(  l’{)IICCI  tullgstc!n  and “11< gk)wbaI”” sourms rmI]plcxl to IY1’IW and gold cmatcxl  inteflratlng

s])llcres  WCIC radiolnetrical}y  cx:libratcd  to NIS’1’ traccab]c sta]]dards  and placcd at the focal plane of the
largc(  ])lojccLc)l/Collilllatol  sysle]ll. “1’1J6 sourcws  were allowed to tllcnnally  stabilize and tlJC illstrllll)cvlt
w a s  Co]l]]]]alldcd  Into  pc)illt  ]Ilodc, vicxvillg  i t s  l~cu-csif$lt  ])ixc.1. ‘1’lJC illtC~I’atill~  S])]JCIC  a]> Cl\lllC WaS
CCl)t C1”C!d  OIJ t]lC! bCH”C!Si@lt. Multip]c  s]xxtra w e r e  rcx!ordcd at varic)us  intc~ratic)n  times, focal plane
tclllpcl”atlll”c!s,  gain Sc!ttill&s,  and Cc)lltl”c)llcd  light lcwc!ls. %l]rcc spectra were rcwordecl i~lters]mrsd with
iI)sirIl]I)cnl  IXu”k spcdra  (rccxwded wit]]  thc VIMS slllllter  CICWCCI) al]cl s.ys[cn) tllcrmal backgrou]lcl  spectra,
take])  wit]] a )“oc)]ll-tclll]  ~el”?l(lll’e  a]l]]]linll]l]  p]aic  l~lo~kin~  i]JC a]wrl~]l”c!  of t]Jc i]IIcgrati]~g  SJ)]JC!I’(!.  LJsi]]g  t}JC

llmawm.d lrallslllittancx  of tllc target ])l”(qcctol/cOlliI]):ltc)r  syslcnn al)cl tile Calibrated  s])mtral radiance of
tllc! Sollrcc!, an asscss]nmll  c)f imtru]mn(  sensitivi(-y  is m a d e  by mrIelatil  Ig tlJe spmtral radiance  at tlJc

C!lltrallm  to (]JC  instl”umcnlt  to t]lc! IJigita] Nlln]}]crs  (I IN) oll LpLlt  by tllc’ illstl”ullle,llt  for CaCIJ  detector.  “1’hc,
]“csI]](  is cx]wcssrd  ill p] JOt OllS/I~N,  wllid] W]IC]] alq)]ic!d 10 gclJeralizd  i]ls~rll]))rnt  c)t]tp~lt,  call  bc! tlsd to
a s s e s s  tllc l“adiallcc of targds  in a VIMS  hnage. ‘r]Je ])l”e]ilk]illal”.y  alla@!s C] C])iC!t~c]  i~] fi~l]r(!~ {) ;]~](l  ] ()
S]IOW t}l(! SC!lli(iVity  dC!I’iVd fl”olll  t] JC’SC! IllWJSlll’J 1lC’lltS  and l) I”C)ICC(S t}l C l“eS])OIJS(! C)f VIMS to l“aC]i:kllM!S  Of (]IC

t y p e  Cxpc!dc{l at &ltlll”J1.
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Figure 10. }’rojectd  11{ Sig])al  at %tllrll’s  Rilifls

al)pmxinlatel.y  twc’llt.y t]lOJISalld ldlotol)s  jlll)llt

at t]]c ]Ilstrlllllmlt  a]m’lul”c pm C!a”Ch Cligita]  nlllllbc!l” (l)N) m;t~)llt  of t]lc iIls[I”IIIll;!Jlt, ‘rllis is &Imis[ml(  will]
COl))])C)ll C!llt  1(WC] ll)CaSIJICIIIC!  llt S 011 t]l C! F1’A =111(1  0 1 1  ])~C)j(’Cti  011 S C)f Si@M] C]laill  C] CC’t I”OIJjC!S  IIOiSC!

CXJ1ltrN)lliiOllS  wlIidl w(m (Im]e during tllc i]lstrlll]]mi  dcsigI] and faljI”iCatj Ol] phase. “r]Jf2 SIJaI”l)  fNJ(lll”CS

arc d~lc  to (lIC IU’A order soI”liIIg filter fla])s aId to atlllospl Jcric  absc)r])iion baIIds wlIkl I will bc factcmd in
t o  t]JC f ind  Gl]ibl’at]C)ll.

‘1’IJC ])r~jcxtcxl  Signal at Satllrll’s Rillg$+  sllowll  iJI FigIJJc  10 is calculated using  tl]c II)castlrccl  itlstrllJllcn[
smlsitivi[y aJld  applyiJ)g  it to mviJ”ollll)cntal  coIIc]itjc)IIs  a t  sat~lrll aIId a salll])lc Eiatllnl  RiJlg reflectance

S] X!dl’lJlll  ]M”C)VklCd by t]l(!  SCif211CW t(!alll. ‘1’lJc! gmlm”al SNR spccificat  ic)ll for VJMS is for grca(e]”  than 100
SN1{ fml) 0.3 to 3.5 n)imtnm  and as dose to 100 as possil)k  from 3.5 to 5.1 micrcms,  at 10 AtJ from tile sun
W]Jj]C vicwillg a lo% albcdo  suI”fac!e  for 12.88 Sccon(]s ])el” lillc.  Figlll”c  10 S]JOWS  VIMS h pmjcdcd to llIC’C!l
[I]is rcxlllimlmnt.



14.2 Spectral Response

SIKXLHI1  accuracy is a cri t ical  aspe,~t c)f 1.0
V I M S  perfoxmancw. ln a d d i t i o n  t o

CZilibI’atiOIIS  USil)~  t]l C IllOIIOC]JIOIIlator, 0.s

filters of known spectral  transn~ission
were placccl  between a calibrated (NIS’l’- 0.6

tracxablc)  radiomctric tungsten Soul-cc
a n d  tlIC M+trmllent.  l’l Jese  f i l l ers  were

F1u 0.4

cdil.)ratecl  to O. 1 nm by an inclepenclcmt v,

l abo ra to ry .
E 0“ 2

u

Figure 11 shows tile spectral xw
trallslnissio]l  c)f a ~c}rning  Glass  5121 ?(~ 0.8
sample as nmasurccl  by VIMS (top) a~lcl M

b
the l abora to ry  s~)edronlelcr  (botton~). 0.6
T1lc f i l ter  tla~lsnlits  no  l i gh t  bcyo]lcl
ap]n”oxin]ately  3 n~icxons. All the m a i n 0.4

al)sorp(ic)n  bancls match well, witli  sma l l
diffcmllces at~rilxltcxl to the cliffercnlce iIl 0.2

S]) C! CtI”:J] l“esolutioll  b e t w e e n  tl)e t w o
0.0

instrLlnlcnts. 0.s 1.0 1.5 2.0 2.5 3.0

14.3 Image  Quality

I )etaileci  itnage c]uality assessments are still in
]) I”O~I”CSS at this tiIile, b u t  prelitninary  resLllts
ind ica te  s])atial  resolut ion and itnagc  scan
s~al)ilitics WC]] witlJin  one pixel as specified,

‘1’~Je ]Itla~e Clll. )e ShOWll iIl ~i~UIC ]  ~ WaS

Iccordcxl  cluri~]g  the intensive six week, twen t y

foLlr }Ic)ur-a-clay  calibration pcric)cl which was
led by the sciclJcc tealll. ‘IIJe ilnage is one fra~nc
(a si@C WaVCbElnd)  fI”OIIl  a fLll] SIX!CtI”lllll  ~q X [j~
scannccl  illlagc cube. ‘1’hc spatial targeL is a
])rolJlillcnt  IIlenlber  o f  t}le  science  tcan~.
}’rdilninary  s])ectral a n a l y s e s  i n d i c a t e  t}]e
]]robablc  presence of water ancl trace minerals
in the tal-:[ct.

.

}+’igul”e  12. VIMS  ]Inage  ~LIbc- llLllllaIl  S]mLial  SoL]rCC
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