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MISR I)llotogratlltllct ric data mcludim  for geophysical rctriwa]s

Vcljko  h!. Jovmovic,  Micbacl  hfl. Smy(h,  Ji:t  hng, Robcrl  An(io and GIaham W. Hotbwcll

Ahstrad--’hehe  ttmordical concept, bawd on modern ])t]fjtf)grar~~[~l[$tric  nwthods, underlying
the design of the MISR science data processing system responsible for the autonomous and
continuous gcorectificat ion of multi-angle imagery is the suhjcct of this paper. ‘1’11(’  algorithm
partitions effort hetwccn the M 1S1{ Scicncc Computing l~acility and the EOS l)ist rilmtcd Ac-
tive Archive Cmtcr- in a way that minimizes thr amount of processing required at the latter
location in order to rectify and map project rmotdy  sensed data on-line, as it comes from
the instrument. ‘1’he algorithm deals with the follo~ving  issues: a) removal of the errors  intro-
duced IJJ inaccurate navigation and attitude data, b) removal of the distortions introduced
hy surface topography, c) attainment of a balance hctwwn  limited hardware resources, huge
data volume and processing rquiremcnts,  autonomous and non-stop aspects of the produc-
tion system.

I. IN’J’l{OI)[I(;’IIION”

‘1’bc Multi-angle imaging S]]cc[to-kil(lic)]]lctet (M ISR) is patl of the lktlh  Obscwitlg Sys[cm
(JK)S) AM-1 payload to bc Iautlched it] 1998 /.?]. “1’k pLIrposc of MISR is to stu(ly (1K ecology ad
climak  of the Iiarlb tbrmgb  tk acquisition of sys[cmatic, glob:ll  multi-angle im:igcty  ill wflcctcd
sunlight. in mdcr to derive gcophysicdl  pwimctcls  such as mmsol optical  depth, bidiwctiorral m-
flcc(:mcc f:ictor, and hc]llispl]cric rcflcc(ancc, rlwasumd  incidcl)t radiances  fmIIl the ]nul(i-calncra
instrument must bc cowgistercd.  1 ;urtt]ctmmc, the corcgistcd  image data atld any subsequently
derived product  (e.g. cloud top bcigbls)  musl bc gcoloc:]lcd in order to meet experiment objectives
such as: a) producing a (iata set of value. to lm]g-tcm  monitolir]g  programs  and allowing  ir]tcrcon-
p:lrisons of d:ita on time scales cxcccding  ttlat  of at] it]ditidu;ll  satcllilc, and b) ])mviding  lialth Ob-
sc.rving System synergism by allowing data cxctlanpc  bctw’ccn  1 iOS-platfoIm  instrulnctlts,

“1’hc mjui[crncnts  for comgislrd(ion  ard gcolocalion  (i.e., ()]lt][~lcctific:]lio~l),  as w’cl] ;Is slc-
Ico rctlicval  of a surface hcigbl  from tlllllti-tct]ll>oli~l,  Inulti-angle inwgc data I]as beer] rccogt]izcd
since the early days of remote sensing. lH order to do this, gcornctt’ic  distortions must be rcmovccl.
“Ik distortions we related to a nurubcr of factors, including: a) totatiorl of the callb during  image
acc]uisition, b) the finite scan rate of some sensors, c) the w’idc field of vic.w of solnc scnscws, d) the.
curvature  of the e.arlh,  c) sensor  non-i(icaiitics,  f) vali:ttio[ls irl pla(fom  alti(ucic,  attitu(ic an(i \’c-
iocitics, anci g) pat]oramic  and topographic effcc[s Kl:itc(i  to the imaging  geometry. A number of
mcthmis bas bcc.r] use(i to remove these ciistortions, fmm ti~c simplest image  w:iqling tcci]niqucs
ktmwr] as “rwbbcr sheeting” to ttw rigorous it]]l>lcr]~cl~t:ltio]]  of imaging gcomcity  itlclu(iing a cam-
cla gcoruc(ric mmici.  111 most applications tile gco]]]ctl’ic  (i:ita correction is not pail of st:~n(iar(i  pro
ccssing.  llsuaily, stan(ial”(i  (iigit:ll  (ia[a prmiucts  i]af’c been oniy I;l(iiol]lct[ic:liiy  an(i spcc[wliy  cor-
mctc(i bcfm’c being (iistributc(i to invcstigatow,  w’bo may ti]cn  ncc(i to buii(i  an off-line gcometr’ic
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pmccssing syskm  [2].

in tk case of tbc spaccbomc  h4 lSR instrument  with i is unique configuration  of nine fixed
]~llsl]t)tootllcat]lc]i]s,  cot]titlllolls :t]](i:lll[o[]ol]lo~ls  colcgistr:iti(~ll:it](l  gcolocationofthc  imaged ata
iste(jllitc(l]>riol  toapplicdionof  sciclllifictcttiel’:11  algorithms.rl$o :l(l(ltcsst  tlis}310tllc1]l,  ttmMISR
gmutld  data pmccssirlg  system includes geometric processil]g.  ‘1’hc algorithms used arc based on
modem digital ]Itlotogi:lllllllctly methods. “Ilis pdpcrdcscribcs  a[l illtcgratcd  process using tech-
niques including: a) area-bmcd / feature-b:wcd imgc matching, b) image point intersection, c)
spaccmscction  et) sil]lLllt:illcoLls  bLltl(llc:lCljllst  tllcilt, :~ll(ic)  illl:igc-to-il]]ttgc  Icgistratioll  ill support
of MISR systcl]lzitic  cl:it:l  ~lloccssitlg.  Section II (lcsc]ibcstt  ~cgco[llct[yofMISR  irlstntmcnt. Sec-
tion ]11 C[csclibcs ttlc C{:lt:l  ]lrcJCiLlcts  lll"o(lllccCl  t)yst:[llCl[ll`Ci  Ci:ll:l  l~l"ocessillg  Llsitlg  ~J}lotC)gl`illlllllctl"y  -
bascd algorithms. “1’bc  remaining sections describe the tlmwctical  concepts underlying the algo-
rithms.

11. GM)M IC’1’RY 01~ ‘1’11  It h’llS1{ 1 MAGING ICVIIN’1’

‘I’t]ct~:lsclillc  olbitfoltl lc];  OSAh4-l sl>:iccc[~~ftl ~:ist~cc[]s  clcctcclt tytt]cI ;C)S]>rc)jccttobc
1 be mbit pcrid  of 98.88 minutes  and orbit prc-sllll-sy[lclllo]  lotls,~~itl]:lil  illcli[]zitioll  of98.186°.  ”

ccssiollf  :itcof().9860/(l:  iyillllJl}/:  lgrollll(llcl3c:it  cyclcof  tl]cs]l:icccltif  tll:lClir]  30i[lt(Jf I(idays.rlibc
mbit altitude varies fmm about 704 km to a miximum of 730 km. ‘1’bc mbit will have an cquatmial
local crossing time of 10:30 a.m. l;igurc I shows MISR I]omina!  ground covcmgc  during  a one d:iy
pctid,

‘1’hc MISR instmmcnt  consists of nine push-bmom cdmcm. Tbc camer;ts arc amngcd wit}]

one. camera pointing toward the, nadir (designated An), mc b:mk of four camcm pointing in the
fowml direct io[l (dcsignakd  Af, flf, Cf, and 1 )f it] mlcr of increasing  off-n dir mglc),  and one
brink of four cameras  pointing in [be aftw:ld  diwction  (using the same convc]~tion  but designated
Aa, 13a, G, ancl lk). lnwgcs ale acquired with nominal view a[~glcs,  relative to the surface wfcr-
CNCC ellipsoid, of 0°, 26.10, 45.6, 60.0°,  aIKl 70.5° for An, Af/Aa, lJf/13a, Cf/Ca, and I) f/l)a, rcspcc-
tivcly. ‘1’hc instmtmeous  displacement in tbc along-track direction between tbc I)f and I)a views
is about 2800 km (see l;igurc  2), atd it takes about 7 minutes for a gmi[~d target to be obsetweci by
ali nine cameras.

Iiacil camera uses four charge-ccmplc(i (icvicc line amys patallci  in a single  focai plane. ‘1’hc
line army contains 1504 photoactive pixels, each 21 pm x 18 pm. li~ch line amy is filtcd to pm-
vicic  me of four MISR spectral ban(is. ‘1’hc spcctwi b~ln(i si~apcs  ale ~~]}l][c~xil]];ltcly  Gauss i:in, and
centerccl at 446, 558, 672, an(i W6 nm. Bccausc of the physicai  (iispiaccmcnt  of ti~c four Iinc arrays
within tbc focal plane of cacb camcla, thcl”c is m aiong track (iisillnccmcnt  in the Iiwth views at
lhc four spcctml bands .rl’his must bc mmovcd during ground data processing.

‘1’ilc cmss-tmck instantaneous ficl(i of view :in(i sample sp~tcing  of cacb pixel is 275 m for all
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of the of f-naclir  cameras, and 250 m for the nadir caIHc Ia. AloI~g-tmck  instantaneous field of views
depend cm view’ angle, ratlging fmm 250 m in the nadir (o 707 m at tbc most ob]iqLlc angle.  Sample
spacing in tbc along-track direction is 275 m in all cameras.

in oKict to find tbe gcolocation  cmrcsponding  to a pixel’s field of view, tbc pixel pointing
direction is cxprcsse.d it] the geocentric coordinates system, as follows:

(1)

Wjlc]c ; is tl~c pixe] p~il]lil]g  (lirccti~I]  lc]atii~c  to t}~c sp:~cccl’aft  c~o~di[)atc  S)’stclll.  3’IIC \rt2ctC)l’ t is

dcfit~ccl  by tbe obscwabtc image coordinates and the set of constants which represent  tbc
instmment  interim or ien ta t ion  pammctcl’s. Y’2 represents  the tl~~[lsfori]l;~tiol~  be tween the
instlLlmcnt  ancl spacecraft coordinate axes. Y[ , defined by tbc cphcmcris  and attitLl(ic  (iata at tile
time of imaging, represents tile  tt:ll~sfol[ll:~tio[]  bctwcct~ tile  spacecraft an(i Geocentric coor(iinate
system. Ec]uation  ( 1 ) is m often use[i [>i]otogr:illlt~~c[ric  mmici [/2] suitable for various imagc-

grcmn(i  point  dctcrminat  icms rcqL{iic(i  for satcll itc ba~c(i imagery.

I Il. 1’1 lo’l’()(;l{AhlNllCrl’it}” I{ ASICI) I) A’I’A 1’llO1)lJ{YS

in mier to satisfy corcgistmlion  an(i gcoiocation  mquircments  tile  multi-angle muitispcctrai
(iata are proccssui  to a common  map ptc~jcction. WC have scicctc(i Space Oblique Mercator /13]
as tile lc.femncc map pmjcction  ,grici, because it is (icsignc(i  for co]]tinllous mipping of satciiitc im-

:Igc]y. ‘] ’I)c gl.OLlll  CI y~so]tltiolj O( ttlc III:lp grid  is 275 m. WC define tilis segment of ground process-

ing as “gcotcctificatiml”,  im(i tbc (icrivc(i  pmiuct  as tile Gwwctific(i  Ikiiancc  Pm(iLlc[.

Ttwc ale two basic patamctcrs in tile Gcmcc(ific(i Ra(iiance  Pmiuct  (icpcn(iitlg OH tile (icf-
initicm  of tile mficcting  surface: a) clii~]soi(i-l~lolcctcci  rxiiancc, aIKi b) tctr:tirl-~~lojcctc(i  raciiance.
‘1’hc clli[>soi(i-rlrojcctc(i  miiancc  is rcfcrcncc{i 10 (he sLIIfacc of the WGS84  ciiipsoici (no terrain ci-
cvatim  incl Ll(ic(i) and tbc. lclr;li[l-]>lc~jcc(c(i  miiance  is refcrence(i to tile same Ciat Llm inclu(iing a
(iigital  cicvaticm nmici  over Iami an(i inlami water.

An idcai instrument w’oui(i  coiicct eaci] angular  view for tile tcrl:~ill-l~rolcctc(i  an(i cl lipsoi(i-
pmjccte(i ra(iiance  pammctcls for a groLII](i  point al tile same instant, giving tile miiaucc  for cacb

bancl anti angic for that gmumi point (the so-cailcci  “vir[ual”  MISR instrument). Of course,  tbc real
M IS I-? instrLtmcnt  can not cio tilis. It is the job of gcomclr’ic  pmccssing  to pKKiLICC  (iata as if it were
coliec[cci  by tbc “virtuai”  MISR (eompatc  l~igLlrc  2 to IJigute  3 an(i I~igLlm 4).

‘J’ilc Sp:ltiai  bOI’i7011t2tl accL1l’acy goai  :i\SOCidtC(i  witil  tilesc plmillcts an~i Icqllimi  by tbc SCi-
cncc aigwitbms, is aII uncertainty better timn ~ 275 m at a cmfi(icncc lCVCI of 95%. Obviousiy  this
kimi of accuracy rcclLlitcs  knowic(igc  of a [iigitai  cicvaticm  mmicl arlci removal of the {iisplaccmen(
(iuc to rciief. ]n a(i(iiticm,  tile  accLlmcy spccificatioms for the supplieci  spacecraft navigation ami at-
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tit Lldc da(a suggest tk possibility of hmimntal  crms of about 2 km in the most oblique camras.
Section IV discussm tbc al.gwitbms  which account for the displacement dLIC to the topography and

errors in (he spacecraft navigation data prim to tbc rcsampling  of the acquirc(l  h4 ISR imagery to
tk map grid.

It] addition to the Gcwcctificd Radiance Product, a ]J}lo[ogr:iltllllctry  -b:isc[l  algorithm is LIsccl
to clc[ive  cloud bcigbt  pat’amctets  for the 1.CVCI 2 “lop of Atl~losj~llcrc/~lolt(l  pKKILict.  h4 ISR mul-
tiple views obtained fmm satellite a!tilLldc over a wide atlgLIlaI”  range pmvidc the abiiity to scpmtc
tbc effects of cloud wind (iisplaccment  fmm cloud height. II] par[iculal,  a Icfcrcnce pmjcction  level
known [is tbc Reflecting 1.CVCI Refcrctlcc Altitude will be cstablisbcd  using a stcrco]~t~otog[:ill]ll~ct-
ric:ilgoritlllll.  3`llisis Clcfiflc(l tollcttlclc\'cl  foLlllcl t>ylll;l[ctl  illgfc:ltlll"cs  [l/] \\'ittl  ttlcgl"c:ltcst  con-
trast in tk near-nadir  viewing directions. f%ysically,  this comsponds  to the main rcflcctil]g  layeI,
which will typically be either  the tops of bright clouds or, undct atmospheric conditions corm-
spmding  to clear skies m thin cloud, the surface of tbc l~arlh.

IV. OVERVI KW 01/ l’Ilorl’()(;l{A  hlh!I~rl’R}” I] AS1lI) 1’I{OCIMSING

in mpmsc to the specific spatial accLIracy  wquiwmcnts, together  with the need for autono-
I1101Is a[ld COIlti IILIOLIS pl’OdllCtiOtl capabilities, wc Il(iOJltC(!  a JM’OCCSSitlg  Stl’atCg~ WhiCb pNtitiOllS

effort between the h41SR Scicncc (~omputing  l;aci]ity and the liOS IIistributed  Active Archive

~cntcr in a way that mit]imixs tl]c amount of processing rcqL(ircd at the latter location. Activities

at the Scictlcc ChmpLlting  l;acility lower  the compLltatiotul  nce(i at the IIistributccl  Active Archive
CIcnte.r  by precalculating ccmin datasets c:[tly in tllc l)~ission and st:~ging  thctn for on-going  L[SC,
in a manner  that avoids mLlch calculation during routine ground  processing. These datascts  include
the camera geometric mcxicl,  wfcrcncc mbit imagery, at](i plx~jcction  parameters  ((icscribcd in Sec-
tion V.) ‘] ’heil pmpal”ation  ncd occur only a few times dLlt”ing  the mission, but is highly compLlla-
tion:tl I y intcrlsive,  involving techniques sLlcll as ray casting, and the matching of imagery fmm dif-
ferent camera angles. GNNcc]L[crlt  I y, mut inc pmccssillg  of h4 lSR data at tbc I)istributed  Active Ar-
chive ~.cntcl,  the characteristics of which ale dominated by the very high data volume, is optimi~jecl
to rcqLliw only tbc less colll13Llt:ltioll:llly  intensive work , sLIch as matching of imagery fmm the
same camera angle (not (iiffcrcnt  camera atlglcs) with no need for ray casting nor a high wso]u[ion
digital elevation model. I;igure 5 illustrates partitionit]g  of lltlotogrill]llllctric opcratiws  bctwccn
the Scicncc  GmpLlting l;acility  and the lJistribLltcd  Active Arcbivc ~cntet.

I;I-O1ll the entire h41SR production systcm, three segments catl bc singled out as photogram-
mctlic  in nature. These am: 1) in-flight gcomcttic  calibration, 2) gcmcctification  and 3) C1OLK1
height  mtricval.

in-flight geometric calibration is dcsigmd in response to specific rcc]uimnlcnts  for standard
pmcessillg:  a) a balance bctwccn Iilnitc{i  hadwarc  rcsourccs,  hLIgc data ~olun~c  and processing anti
b):llltoIloIlloLls  allCioll-goillg  l> IoCILlctiCJIl  t]ll"ollgtloLlt tllclllissioll. rl’tlc ill-flight gcolllctl’icc;llit>r~l-
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(ion operations are not part of standard pmcssing.  ]nstcad, t hcy wi I I occur at (k Science G3mpLl[-
illg l~acility  with the objective of pmlucing  a Geometric Glilmtion  I)atasct during  the first 6 to 8
monlbs  of the mission. ‘1’bis datasct is used as an input to gcomctificiition  proccssiug  in order to
reduce pmccssing load and provide  tbc best possible input to automtic  image registration. ‘lo pK-
duce a good qLlality  Geometric ~alibration I)atzset  rcc]Llircs prccisc  dctcmination  of the cameras
interior  geometry  as well as dctemina[ion  of the instrLlmcllt  exterior  orientation, taking into ac-
count errors in the supplied navigation and atlitacic.  l;O1 (bat pLIrposc,  ]Illotoglatl)lllcttic tcchnic]ucs

will be used, such as: I ) space resection 2) simultaneous bLIndlc  adjustment  and 3) combined fca-

tLlrc/area based image matching,.

Given the Geometric Glibmtim ]ldasct :~s an inpa[, tbc gcorcctification  dLlring standatd
processing is significantly simplified. 111 particular, the most challengitlg  part of tbc gcowctifica-
t ion is the image-to-image registration between new M ISR itnagery and rcfcrc[lce imagery pre-
pared as part of in-fligb[ geometric calibration (see Section V. B). It is possible to bavc this process
robust and fully autonomous dLIC to the fact that registration  will occur bctwcca images with the
same viewing geometry. Essentially an image  point intersection algorithm is employed, as tbe

backward  projection based on the camera moclcl  arid sL[pplicd  navigation, in OKICI to obtain an ini-
tial guess for the tic points to be used cluring registration  /12]. Precise location of (be tic points,
prior to rcsampling,  is obtained (brougb least-squaw ami-based matching. The tcrl:iit]-l~lojcctc(l

lac[iatlcc  prociLlccd  dLllillg  gcorc.ct  ification is uscci  as [he input to ] ,CVC1 2 Aerosol/SLId_acc rctricva]s
ad C1OLICI  mask generation. Another part of tbc gcorcc[ificd  pmdLIct,  c]lil)soici-[>rojcctccl  radiance,
is used for 1,CVC1 2 lol~-of-Attllos]  ]tlclc/~.lotl[l  stereoscopic retrievals,

The ]>l]otogt:il]llllctric  approach to c]oud top bcigbt  retrieval is a singular  problem if c]oud
motion is not known. ]11 orcicr to fLll! y usc the M ISR image  data to pclfom stcwo retrieval  of c]oLId
top heights, wc mLIst  be able to separate the effects of c]oLId  motion  and cloud height  in the image
disparities. This bas been proven ]l~~itlleill:itic:~lly  to be possible LIIKICI ccrlaill  imaging conditions.

Tbc MISR itlsttLlmcnt  satisfies these conditions if wc perform stereo matching ancl retrieval with
the right combination of asymmetric M ISR cameras.

\T. IN-lil .1(; 11”1’ (;lCOhflC’J’ltl C CA],1 I{l{A’1’ION

in odcr  to give insight into ]~tlotogt:it~llllctric  algorithms  used during in-flight calibration we
first clcscribc the Geometric Glibration  IIataset rcsLllting  fmm this calibration. ‘1’bis dataset consist
of two major parts: I ) Gmlcra  Geometric  N40dcl and 2) Pmjccl  ion PammctcIs and Rcfcrcnce  Od)it
lmagcry.

‘1’bc Gmcr:t Geometric Model datawt consists of a set of pammcters  which are used in a
]nalbcmatical expression that gives the poit]til)g (iircction of an ad>ittary pixel. These  parameters
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reflect geometries of the camera systcm and account for (iistmiims  (i[~clucling  tempcratLltc cicpcn-
dcncics)  from an ideal optical sys[cm /8]. ‘1’here will bc nine sets of paramc(crs concspondin.g  to
the nine h4 ISR cameras.

A mathematical expression relating Iinc and sample (1, s ) ccmdinatcs of a band in OK of the
M ISR cameras to the vector F,,, in spacecraft comdinatcs  systcm can bc written as:

[-.(L + (1- IN1’(1+ ().s))d,j

“’=7’’$’”7’’[”7((’”1 “+s-’”)’ I (2)

where:

Y’,i is the mtaticm matrix function of the angles bctwccn tbc spacecraft and insttLlmcnt  comdinatc
systems.
Y’iC is the rotation matrix function of the a[)glcs bctwccn the
instrLlmcnt  aTKl camera coordinate systems.
I’C(, is the rotation matrix fLlnction  of the allglcs bctwccn camera and (ictcctor comlinatc  systems.

k is the separation of the particular band from the intersection of the Z axis with focal plaIIc (see
};i’gill’c 6)

CY is the pixel number (i.e., borcsight  pixel) comsponding  to the X axis (Y=()).
(/,, is the detector pitch in X ciircc[ion.
~ is (1IC effective focal leng[b.
O.i i = O, I, 2, 3, 4, 5 at’c the coefficients of a fifth-mdcr polynomial to account for the nonlinear
distortions of the field angle in the cmss-tmck direction.

I;quaticm (2) is tbc explicit way of defining the pointing direction of an individLlal  pixel rel-
ative to tk appmp]iatc cmdinatc  systcm. “1’hc number  and type of pammcters  depend on the in-
dividual sensor cbaractcristics.  in ~~tlotogiittl~t~lctlic  tcmino]ogy  M ISR Gmcm Geometric Model
data arc called the “interim orientation pammc.tcrs”. Using the same tcminology,  the suppliccl  nav-
igation data defines what arc callccl  “cxtcrim orientation  pawmctcls”. l’hus the Gmcra Gcomcttic
Mcdcl  in cmljunction  with the supplied navigation data will provick  the pointing vcctm of an al-
bitmy pixel, relative  to the Iiarlh-fixed  Iiarth-ccntcrcd  coordinate  system. ~’his pointing vector  is
the fundamental infomaticm used during standard  gcorcctification  for both the tcrr:~ill-l~lojcctc(l
mcl c1 I ipsoi(i-projcctcc!  mcIiances.



B, l’rojedioll  l’fuumdcr.f ad RcJ’rence  Orbit Intagmy

The full set of Reference  Orbit imagery (RO1) consists of selected CIOUCI free M ISR imagery
mosaickcd  and stmc(i  in the 233 fi Ics cotrcsponding  to [be 233 orbit paths of tk IiOS-Ah41 spacc-
cmft. Organ izecl similatly  into 233 film ate the Projection l’aramclcrs (PI’), wbicb arc prociLIccd

off-line using rigorous ~3}10tOgl’itllllllCtl’iC  reduction mctbocls.  “1’he }’1’ film pmvidc  gcolocation  in-
fmmaticm  for acquircci  hOISR imagery On a pixel by pixel basis. This gcolocatim  information is
rcfcrcncecl  to :i selected Space oblic]Llc  Mercator  map pmjcction  grid. The pmccss of creating  ROI
ancl PP files is similar to tbc mg,Lllar or[llol.cct  ific:itioll  of time clcpcndcnl sensor  imagery. The ma-
jor (iiffcrcnces arc: a) acc]L[id imagery is gcolocatcd  bat not tcsampled,  and b) a global  digital cl-
cvaticm  model of sufficient rcsol Lltion  is available for MISR’S intcmal  USC. A simultaneous bundle
adjustment utilizing  mLllti-angle imagery and ground cmtml  information (global digital elevation
model and ground  cmtml  point chips) is used to model cum in tbc navigation md attitLdc data
for a single set of RO1, prim to gcolocatim.

I’hc coupled PI’ and ROI files provide  two major benefits to the stat] di][d gcmcctificaticm

processing. First, expensive computation rcc]uired to account for topographic displacement will be

performed only once, off-line during calibration. The obtained illfomation  will be saved in a file
ancl utiliz,ecl  dLlring on-line processing tbmagtmut  tbc mission. l’his is possible because of the smal I
orbit-to-orbit variations at the same location within an mbit path, adding mlat ivc]y smal I cbangcs
to the topographic displacements (hat can be accoL]ntcd  for in a separate process dLlring gcorcctifi-
caticm.  SCCOJK1, untcsamp]eci  bLlt gcolocatccl  MISR imagery will be LIscd as ground control infor-

mation. Tbc idea is that MISR imagery with close to the siimc viewing geometry will pmviclc  a

big}] SLICCCSS late dL\~i[~g ]C21St-SC]Ll:llC atca-based image l~liltcbi[]g  pCIfOI”IIICC!  by stii[lda~d  processing
during image-to-image rcgistmtion.

C. Calibration A lgorithm

This algmitbm consists of two parts: f’atl cm focLlscs  on the removal of distortions fmm the
~amcra  ~conlctt’ic  Moclcl mcasLII’cd  on tbc gt’ound.  ‘J’bcsc  distortions Icsu]t from tbc clcfomations
of mccbanica]  connections between tk cameras, optical bcncb  ancl the spacecraft p]iitfo]”t~~,  caLIsccl

by launch ancl gravity release of tbc camera  system. Part two focuses cm the production of tbc spe-

cific information uscfLll for the routine lCIllOViil of the navigation and :itlitLuic errors, and distor-

tions  dLIC to tbc surf2acc topograptly.  This information is stored in the Projection Parameters and

Reference Orbit imagery files which along with the Gmcra Geometric Model make up tbc Geo-
metric Glib mtion Dat;isct  that is uscci as tbc inpat to the 1.CVC1 1112 gccwcctification  standard pro-
cessing algorithm.

1) l}l:f?iglzf  Caftlcr(i  Gcomciric  M[dcl  Ca[if)t(i(iofl.  Solnc of the parameters  of the camera model
ctmmctcrized  dLltir]g  preflight ground u] i brat ion [8) mLlst bc verified on orbit. l’bc exact subset of
parameters to be recalibrated is still to be determined. ‘1’hc citlibrati~[l algorithm will make use of



gtounci  control points (GCTS)  and it will focus 01] the mcalitmticm  of each camera individLially.
The iclea is to isolate static and systematic (e.g., tcmpcraturc  dcpcmlent)  cuo]s  of the individLlal
camcrasfrom  thecrror3 rcporlecl  itl thcnavigatim  data. ‘1’his is pmsiblc by having  a large nLlmbcr’

of obscrwations  by a single camcraof  well-defined and well-disttibutcd ground  targets orGOs
(1’igute  7). Area-basccl image matching is used for autom:ttic identification of G~Ps.

A mathematical expression used to clcscribc the ray bctwccn a ground  point ad the image
of that point, as seen by a MISR camera, is used as the model for tk Icast-sc]uams estimation [/01
of ccrlain camera model parameters i.e. space resection. A Iatgc number  of observations and good
distribution of G~Ps arc nccclcd so that the cflccts of cmm in the navigation data on the estimation
of camera model paramctcrx can bc fully minimized. in that regard, it should be pointed out that a
sillglc G~P  will be seen multiple times from a single camera during  a 16-day perioci.  This is im-
portant  bccausc  it significantly increases the numbc~  of obscrwations  an(ij  at tile same time, pro-

vi(ics a gooci (iistr’ibLltion  of gr’ounci conttoi  points across a camcr’a ficlci  of view.

2 )  Creation of Ptvjmfiml  Patwttlclcr.v  aiid RcftJIrIIce  Otbit IIHagcI;Y. l’hc caiibrate(i Guncra

Geometric Mo(icl may not be sLlfficicnt to pmvi[ic a proLiuct  of tile (icsimi gcoiocation  an(i
registration accLlracy. After applying the calibrate(i  camera mo(ici, two types of errors remain
significant: 1 ) errors in the navigation (iata,  an(i 2) ciisplaccmcnls  CiLIc  to the surface topogrqily.
‘1’hc following steps will be con(iucte(i at the M iSR Scicncc GmpLltit~g Faciiity in oKicr  [o remove
the effects of those crIor3 ami cmatc tile PP anti  ROI files.

2,a) F’ontwnl  Projecfimt.  A pixel in the map grid might not bc seen by a particLllar  M ISR
view angic bccaLmc  it is topogr’aphicaliy obscurc~i  by tile sLltmLln(iillg  tcwain (see ~iigurc 8). To dc-
tcrminc  this, a my casting algorithm is usc(i,  aiso rcfcucci to as a fonvar(i projection. A nominai  set
of navigation data aMi camera viewing gcomctl”y  is LIsc(i. Subpixcling  (i.e., ray casting more than
onc ray for a single  pixel) is pcrfomc~i  to give a nominai  gmun(i pixel size of the rcsolLltion  of the,
ciigitai  cicvation  mo(iel use(i to (icscribc  the tcmia (i.e., aboLlt i 00 meters). If any one of tile sub-
pixc]s of a map gri(i pixel is not seen by a M ISR camera, then the whole map gri(i pixel is marlcci
as obscLlr’cci  at tilat  camera angic.  l’hc information aboLlt whicil map pixcis  ar’c obscureci is stor’c(i
in the ]’1’ fiic, fol” LISC by the gcorcctificatioa  algmithm.

2.b) Baclnvavd  Projectiotl. After determining which map gr’i(i pixels arc obscLlr’cci,  the loca-
tion irl tile M ISR imagery where the center of caci] map gri(i pixci is sccrl is (ictcrminc(i  for each
camc]a angie.  This is (ionc by Lwing  a mmiific(i irnagc point irltctscctior~  atgorithm,  (icscribc(i  in
more (ictaii  in Section VI.B. The same nomirwi set of navigation (iata anti camera viewing gcom-
ctr”y as in step 2.b is LKcci. This infer’rnatiorl is stor’c(i in the f]p files, for’ Llsc by the .gcorcctification
algorithm.

After performing steps 2.a an(i 2.b, tile PP files contain tile information neccieci  to resample
MISR imagc]y acqLliteCi  with nominai  navigation (iata arl(i camera viewing gcomctr’y.  of coLIr’sc,



we do not expect to acqLlire image data with navigation]] (iata and camera  viewing geometry i(lcnti-

cal to the nominal set. Real data will contain pcrtudxiticms  in the spacecraft position ancI attitucle.
The point is that the problem of tcsampling  real MISR imagery to the map grid has been reduced
to the problem of accounting for differences bctwcell  the real navigation data and camera viewing
geometry  atld the nominal set used to pmdLKc the PP. l’hc H’ then gives the remaining information
about how to pcrfom the map projection, once, the differences with the nominal case ate taken into
account.

2.c) Adj[{stt/zellf. A “simultaneous bun(ile a(ijustmcnt”  (a least square  data estimation tcch-
niquc) constrainc(i  by a relatively high rcsol Lltion  (iigitai  cicvation  mo(ic] is use(i to improve  the
accuracy of the navigation ciata iatcr used to produce RO1 consistent with the set of PP obtained by
using nomimi orbit (iata.

The simultaneous bunciic a(ijustment  takes a(ivantage,  of the foiiowing  MISR characteristics:

1 ) at a sin,gic instant of time M ISR “sees” nine different, wicicly scpamte(i,  targets on the gmunci,
anti 2) a singic  location on the groun(i is seen at nine (ii ffcrcnt instants of time. If the errors in the
navigation ciata  arc modctc(i  as time (icpcncient,  thc[l it is possible to write a matilcmaticai  mocici

which will utiiiz,c kIIowI1 M ISR characteristics an(i impmvc  tile accLltacy  of the navigation (iata.

“1’his  mo(ic]  is ccrtainiy  gooci for imploving  rciativc accLlracy  (during a time pc]ioci)  of the
navigation ciata. in or(icr to obtain absol Lltc accLIracy  (i.e., miativc to a fixc(i groun(i coor(iinate sys-
tem) additional groLlnci control information is ncc(ic~i.  I:or that pLiqlosc, in a(iciition  to airca(iy avail-
able ~I~F’s,  a high resolution digital c.tcvation  mmicl is inclu(ied as a gmcl  constrain (0 the a(ijust  -

mc)lt.

]JLIC to tbc fdct that GCI’S have to be manLlally  co]iccted ad sparsc]y CiistribLltcd,  an allto-
matic :m(i mbLlst  t ic-point i(icntifictition a]gcwitilm  is cicsigne(i  to pmvi(ic wcii-(iistribute(i tic-
points for the simLl]tancoLls  bLlnCiic  acijustment. A tic-point lcfcIs to the Colljllgatc  illlagC  fcatLllc
locations of the same groumi  point across muitiple  images vicwe(i from varioLls  mglcs. Basc(i on
initial collj Llgatc  image locations cictcminc(i  Llsing the knowlc(ige  of MISR navigation ciataj inter-

est point features are (ictcctc(i itl(icpcn(icntly  on ail 9 local co[)jugate image patches cxtractcci  from

h4 lSR imagery  [41. A fcatLII’c-basc(i  matciling  sci~cme, name] y consistent iabciing with forwar(i
check [61, is use(i  to match co[llLlgatc  interest points as improve(i  tic-points, compared to the orig-
inal ones. An area-baseci matching algorithm is then usc(i to accurately icicntify  the finai tic-point
witil  an uncertainty of less than 0.2 pixel. The tic-point i(icntification  is a completely aLltomatcd
process withoLlt  hLlmatl  intervention. A supporting mcthoci  with a human operator  in the loop will
bc Llscci mostly  for vdi(iation  pLlqloscs  atl(i  for some infl’cqLlent  occasions wtmc improvement of
the aLltomatic  detection of tic points is ncc(ic(i.

2.d) Rcfirazw  orbif  lI)KI,qcq.  in order (o dctcminc  the differences between real MISR clata
atl(i  the nominal  navigation (iata atl(i  camera viewing geometry  LIscci  to pro(iuce  the 1’1’, a (iataset
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callcci the Reference Orbit lmagc]y  is produced. l’his data pmvi(ics ground cmtml  that can bc in~-

age matchccl to newly acqLlirecl  MISR image  clata during the gccmctification  process  (see Section
V1.~). The ROI is created  by mosaicking  MISR image data to maximize  cloud-free regions.  l’hc
image (iata arc rcsamplcd  to make it appeal as if they were acquired using the nominal navigation
data ancl camera viewing gcomct)y  uscci ill the pmducticm of PP. This rcsamp]ing  is cione  by bLli]d-
ing an image-to-image tmnsfom (see Sccticm VI .11) bctwccll  the MISR image data and an image
with nominal navigation data. The h’msfcwm is bLli]t using impmvcd  navigation data generated ill
Step 2.C.

VI. GICOI{lW’1’I IUCA’1’ION  Al KOR1’1’HM

A. (h~erview

in the systematic gcmcctification  system wc make usc of ancillary datascts,  namely a set of
Pmjccticm Parameters  ancl Reference Orbit ]magcry, pmciLIccd at the beginning of the mission. The
major infomatim  implicitly contained in these datascts  is cmw free navigation and attituclc  clata,
gccweference,  and surface topography relative to the variom geometries of the nine MISR cameras.
This information is routinely exploited through  a hybri[i image registration algorithm (see l;igure

9). in particLllar,  the autonomous and continuous gcmcctification  is IcdLlcccl  to a recLlrsivc  image
registration between ROI and new M ISR imagery which consists of the following elements:

a) lmagc Point lntcrscction:  a backwar(l  pmjccticm fLlnction  used to pmvidc  an initial loca(ion  of
the colljLlgatc  points [12].
b) lmagc matching for the precise identification of the coI]j Ligate points.
c) Transformation (mapping) fLlnction  between two images.

The registration method is adaptive with mgatd to the character :ind sim of lllisrcgistl:ttioi~,
in orcicr to minimize the processing load. The adaptive nature  of the algorithm is attained by rccLlr-

sivcly dividing images into subregions until the rec]uircd  rcgistmtion  accuracy is achicvcd  (SCC I;ig-
UI’C 1()). ]nitiall y, dLIC to the push-bloom  nat Llt’c of the M ISR cameras , subrcg, ions arc rectangles
extending over the image in the cross-track direction. ‘I”hc mappi[lg  function associated with a sub-
region is a mollification of the affinc transfom  which inc]udcs  known geometric chamctcristics of
the M ISR imaging event. Once the mapping between the two images is cstablisbcd,  the last pro-
cessing step is the assignment of the appropriate diancc  value to the gti(i  point of the Space Ob-
lique Mercator map. This is done using bilinear  intctpolaticm.

Additional techniques at’c required so that autonomous production rLIns arc unaffected by
less-than-perfect input {iata.  Some of the more obvious examples are the presence  of cloudy re-
gions, water bociics,  and deserts. These types of conditions significantly ICCIUCC the numbci of con-
jugate points available to cictcminc the, tt”:iIlsfol”lll:ltioll  function. ]n sLlch cases additional tech-
niques must be implemented. ]n some cases, searching for clolld-free land in the local ncighbot-
hood may be sufficient. In other cases, where a I:it’gc region of data is withoLlt  coIljLIgatc points, usc
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of information obtained through  the registration of the closest subregion is applied. ‘I”hc idea is to
correct for slowly varying patamcters  through the usc of a Kalman filter built while processing pre-
vious subregions.

Also included in the algorithm is a blunclc]  detection tcchnic]Llc aimecl  at removing  possible
blunders coming from the image ma(ching.  This utilizes  statistical results obtained from the lcast-
scluare  estimation of the tr:t[lsfc)rtll:ltio[l  fLlnction.

B. lnmge I’oint  intersection

A ~igo~ous  groll~lcl-to-il~l:~gc  pmjccticm is usccl to compLltc image coordinates of the initial

tic points prior to image matching. It utilizes a well-known collinearity condition modified for
MISR time-dependent imagery constraine(i by the equation which describes the spacecraft tr:ijcc-
tory. It is obtained utilizing  the groLInd  point coordinates x, the position of the sensor at time of

imaging }), and the pointing direction of the ray imaging the ground  point (see cqLlation  (1)) all
referenced  to the Geocentric coordinate system:

X=t’+?tp (3)

where k is a scale factor. lJsing an iterative root-finding method, cqLlation  (3) can be solved for the
image coordinate of the ground  point. initial input to the iterative solution is obtained from the PI’

file in conjLlnction  with nominal orbit parameters.

C. lmge h!atching

An image matching tcchtliqLlc  has been chosen in order to: a) prccise]y locate tic points ciLlr-
ing image-to-image registration, and b) to estimate the accLlracy  of the local image-to-image tmns-
fomation.  OLlr decision to LISC a combination of cmss-corrclaticm and least-square mea based in~-
age matching mcthocl  [1] is basecl  largely on two factors. First, the high subpixel  accuracy of sLlc-
ccssfLll  matches that catl be achicvcd  [51. Second, M ISR new ancl reference  images with their
minimal perspective changes between the two views will serve as very good i[lpLlt  to the sclcctccl
method. The sizes of the “target” :ind “scafch” windows are based on the expected errors in the

suppliccl  navigation ancl attitLdc data. For completeness we give :i mathematical description of the
implemented area-based matching.

First, Llsing  the mLllts from the image point intersection the points from new and reference
images aIc matched basccl  on a variation of the nomudi?,  cci cl’oss-cmclation, compLltcd  as follows:

(4)
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where o,IC},, ~(j is the covariance  bet wccn ncw ad rcfcrcnce M ISR image chips md CJ-tlfit, CJ-HJf
arc the variances.

The results obtained by the cross-correlation  mcthocl  are improved to subpixcl  accuracy by
least-square nlatching.  in the least-squaw matching the gconlctric  and Iacliomctric tlii[lsfotfll:itiolls
between two inlagc chips are cstinwtecl by nlinimiziilg  certain functions between them. let:

x’,y’ be the coordinates in the lefcrcncc image.

x“ ,y” be the coordinates in the new image

‘I-hen the gconletric  relation is modclccl  by the affinc transfornlation

~,, = Fl(x’, y’) = (/()+-(/, “ X’+ ({2 “ y’

y“ = Fy(x’, y’) = (i3 + (IA . x’ + (is “ )“

Also, if

(5)

g’ = G’(x’, j’)’ + H’(X, .)’)
(6)

~“ = G“(a’”, y“) + H“(. x”, y“)

arc the discrete mcliancc  wilucs for tcfcrcnce  and new image respectively, where G’ and G“ ate
image fLlnctions,  while n’ and n“ ate associated noise values, then the radionlctric  relation  is
expressed as a 2-paranlctcr linear function:

g’ = }’,.(g”) = k.+ k, . g“(}”i, FY) (7)

Through iterations using linearized fornl of (7) we solve for parameters ai ant! ki.

1). Image-to-lmqy  Tram  formatioil

A polynonlial  fon~l to be used for image-to-inwgc transformation between new aIKi reference
imagery was derived  by looking at the physical characteristics of a push-brootn  camera. Wc built
a nloclel  that clcsctibcs how a scan line of the reference image nuips to the new image. We then
assumed that the nlapping  for nearby  scan lines shoLIld be nearly identical. AlthoLlgh the nlo(icl  was
ckxivccl  for a single scan line, wc apply it to a latgcr  area (nominally 256 lines of data).

The physical :tspccts modeled inclLldc:
tics in the camera optics), b) earth clll’v:itLltc,

a) linear optics (i.e., wc ignore the small nonlincari-
and c) effect of gIoLIIlcl topography.
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This gives the following modification of the general affinc transfornlation:

(8)

1 = W,rj’- ~()) + boo,cf ‘“)1(’\i’ ‘Y()) + ’21 (Ly,.c( – .$())2 (9)

+  ~22’’.W:fm+ k23

Testing shows that the corrections wc have derived  to the affinc model arc ituportant.  The quadratic
ternl at the edges of the swath can be as large as 2 pixels. } ]owcvcr,  the height tertn is usuall y small,
ancl in the Beta version of the M ISR soft ware it was droppecl  fronl the nlodcl.

We usc this transforn~ in the following nlanncr:

1. Start with a region of imagery (nominally 256 Iincs, full swath).
2. l:ind well-distributed co[ljugatc  points in the rcfcrcnce and new ilnagcry. ‘1’his rcqLlircs finding

points in areas where inlage nlatching  can bc pcrfonned (e.g., c]oLId  free ]and).
3. lJsc conjugate points to dctcrminc  the coefficients in (8) aIld (9) by doing a least squaws fit,

4. Find another  set of conjugate points to usc as check points. ~onq~arc  the prediction of the
location of the conjugate points in the ncw inlagc obtainccl  by (8) and (9) to the actual location. If
they a~c within the allowccl  tolerances (e.g., 1/2 pixel), then wc are done. Otherwise, break the
region into two smaller pieces, and repeat the pKKcss for each of the snlaller  pieces.

1<. Blunder I)etectiotl

A b] LlndcI’ detection function was inlp]cnlcntcd  to prevent low accuracy and extra sLlb-grid-
ding effort caused by the appearance of blunders fronl image  nlatching.  l’hc least-sc]uare fit of inl-
agc-to-image  transform can be rcprcscnted  by a general observation cc]uation:

Where  the obscn’ation  y is a set of RUKIOIN  variab]cs,  y – (Y, 61J}2  ‘~~,) . Y=A.Y  iS hC tlLIC  VdLIC  O f

the observation, O(J is the variance per unit weight of the obscrwiti~ll, }’Yv is the weight matrix. x
is the set of unknown paranletcrs.  A is the design matrix relating x to y. ~;inally, ~’ is the residual
v= Y- X The best estimatcci least square solution to the above Iincar systcnl  is to nlininliz,c
~ = V7’PV, which easily leads to a normal cquatio!l  ~ = (7,1A 7’Pyyy,  where the cofactor matrix
of the estinlatccI LInknown  parameters  is Q1 ~ = (A’ PYYA )- . ‘1’hc &iclLlal  vector and its cofactor
matrix arc then rclatccI by the following eqLlation  as:



F3quation  (11) indicates how the CIKXS of one or nKWC of the observations (Ay ) influence the
rcsiciLlals.  This relation can be written as v = –(<)l,l,PYY)Ay  . 1( shows the cofactor  nlatrix of the
residual Q,,,, and the observation weight matlix  PYY arc”thc  key to the relationship of the obsctva-
tion-enors  or b] Llncicrs  Ay, to their corresponding r&i(iual.  la case of equal weight, a Iargc diago-
nal value of (21,1, means that an observation error is translated to the corresponding rcsiciLlal,  a
sn~all diagonal val Llc ciiffLlscs  the observation error. “1’hc off-diagonal valLlc of Q),,, does the oppo-
site. The fact of a large off-diagonal val Llc can pass an observation error to othct rcsiclLlal  than the
corresponding onc is causccl  by the high corrclatiotl among observations. This effect catl be nlini-
nliz,cd by good configLltation  of our control  point {iistlibLltion.

Assun)c  there is no gross-error in observation bLlt  only raadonl  CNOI’ ancl radonl error fol-
lows a normal (Distribution. l’hc rcsidLlals will CIO the sanlc n~caning  their expectation is O with a
wwiancc  of G:. The nlcan  CITO~ of lcsidL[al  ~~i CaTI bc ~cillcsc[ltc~i  N+ 6,, = CJ[~~Q,,,,)ii  . Ttlc~cfo~c
the accLlracy of the rcsidLlal  ~~i dcpcn(is not only o[] the observation cnot bLlt also on the diagonal
valLlcs of Q,,,,. ObvioLlsly,  the statldar(iizccl  rcsidLlals  ~ = \’i/O,,  follows a stanckdizcd  nornlal-
distribLltion  with expectation O anti vatiancc  1. ‘1’hc effect of dia~onal  valLlc of ~,,,, is rcdLlccci  ill
thiS ~Cp~CSCIltatiOI1. The Stanc{aldizcci  lcsidLlals arc ideal for statistical testing to detect blLltldcrs.
However, statistical testing only woks with few blLlndcI’s aild the removing  of blLlndci is one at a
fitting tinlc and therefore called data snooping. If blLlndc!’s exist daring  onc data fitting, the post
estimated variance per L]nit weight ;() = $/1” (~ :IS tllc ~cdLlll~atlcY of tllc sYstcIll) testifies that
first, and the test to the standardiy,ccl rcsi(iLlal  instead of rcsidLlal  can bc LISCCi to point oLlt  the causing
blLlndcr.

l;. lknd-to-l~atld  Transformation

The registration bet wccn the new M ISR image and RO1 imagery has been done Llsing the tcd
spectral bancl  (FigLlrc  9) bccaLlsc of its char~ictcristics relative to the image nlatcbing  rcqLlircnlcnts.
‘i’hc in~agcry  fronl the other  three bands will bc rcgistcrcd to the already rcgistcrccl ancl gcolocatcci
tcd band. This registration  dots not inclLldc  image nlatching.  Rathc], the transfomlation bctwccn
bancis is (icfined by the interior orientation parameters of the gconlcttic  camc]a mocici. More (ictaiis
on this tratlsformation  can be founci in [141.

\7110  ~ON~],us]ONs”

MISR photogranlnlctric  (iata Iccillction  is a Lllli(]LIC  all(i  SLICCCSSfLl]  process. It provi(ics  cffcc-
tivc]y an(i ptcciscly the gco-lcgistcrcci  infolnlation  for gcophysica]  aaci  other  scientific research Lls-
agc. With the state-of-the-art ]>l~otogr:~llltllctlic  tcchnic]Llcs,  wc have been abic to nlcct  the gco-l.cg-
istration rcqLlircnlcnt  ami nlLliti-canlcra  co-rcgistfation  rcqLlitcnlcnts with oLlr silnLllatcci  test data
[91. FigLlrcs 11 and 12 represent portions  of the gconlctric  pro(iLlct. l’hcy clcar]y show spatiai ac-
cLIIacy  of a nlLliti-]aycrcd  nlap projection (]:igLII’c 12) cl”cate[i  for tile tcl’l:lill-]llc)jcctc~i  I“aciiance.  Al-
so, in l:igLtrc  1 ] cpipoiat’  geometry  aa(i sLlitability of tile ci]ipsoici-projcctcci raciiancc for the stclco
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height retrievals  are dcnmns[rated.
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Figure  I

MISR nonlinak  gtouncl  covcragc  cIL~ring  a one clay periocl. ‘1’here ate 16 grounci  tracks ob-

tained by projecting lFOV for the nactir  can~cra,

Fi+yre 2

MISR imaging  event.

Figure .?

l’ctr:~ill-l~rojccted  ]ac{iancc  pmcluet:  output  fron~ a “virtLud”  MISR.

Figure 4

Hllipsoicl-projcctccl  racliancc prociuct:  oLltput  fronl a “vir{ual”  MISR.

Figure 5

Pmcesscs and ctatascts  of the M ISR production systcm rclatcct to akgorithnls basccl on pho-
togranln~ctreic  nlethock.

Figiire  6

Detector Coorciinatc Systcnl of the Ckncra  Gconlctric  Moctcl. The x axis is clcfinccI to bc pcr-
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pcnclicu]at  to the long axis of the detector arrays. The y axis is parallel to the lo~]g axis and is pos-

itive in the westward direction (iuring a dcsccn(iing  pass. The z axis is the cross prociuct  of x with
y forming  a right-handccl  coordinate system. ‘1’hc figure shows that [hc focal plane is locatc(i at z =
-f where f is the cffectivc  focal length of the patticLllar  camera.

Figure  7

In-flight ~anlcra  Gconletric  Moclcl Cldibration

Figure  8

Backwarcl/fo]watd  ptojcction

Figure  9

lllll>lelllclltatioIl  of tcrli]ill-projcctioll  algorithnl

Iiigure  10

RccLlnivc  inlagc-to-inlage  Icgis[ration

Figure  11

l~lli~osoicl-plojectccl  red bancl data for A forward (Af) ancl C aft (G) c+tmcras are supcrin-

poseci to nlake this color conlpositc.  The Af canlcra inlagc data are color  COCICCI  red and the ~a canl-
cra image data arc co]or coclcd blue and green to make a pseudo color  in~agc  suitable for stereo
viewing with standarcl red ancl blue filter glasses. l’his shows the effect of the along-track parallax
preserved  in the ellipsoid-projcctecl data which arc used for stereo cloud height retrievals.

Figure  12

Tcnain-projcctcd  red band data for A forwatci (Af) ad ~ aft (~a) cameras  arc supcrinlposed
to make this color conlposite.  The Af can]cra image data are color coded red and the Ck camera
image data ate color co(icd b]Llc ancl ,gcct] to nlakc a pscLldo  co]or image. Due to the tet’rain pro-
jection, parallax  is rcnlovcd  and overlaid data appear like a single orthorectified  inlagc.  The snlall
regions of red pixels represent  topographic obstrLlc[ions  to the viewing angle (see Section V.~). A
significant portion of these pixels c:innot be inlagcd  by either Af or C.A canwas.
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“Virtual” MIS]{ instrument
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“Virtual” nflm instrument
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PROCESS DATASET

Preflight Camera  Geometric

(at Science Computing Facility)

c.>

Camera Geometric MoM

[)rfincs pointing of hllSK l~k~l~
rc.101 ivc 10 (tic sp:(cccr<if(

fr:ir)w  of rcfcrcncc

In-flight Geometric Calibration
(at Science Computing Facility)

3) Rcfcrcncc Orbit lmagcry (ROI)

I’rovicks:  Gcorcfcrcncc, topography
input for image matching, corrections

10 account for errors in a(lilaclc.

Georectification  and Registration
(Level 1B2 standard processing at

Distributed Active Archive Center)

I

I G
1) Terrain-projcctcd radiance

2) }Cllipsoid-projcctcd  radiance

Provi&s: GmlOCdkd and
n)ap-projcctccl imagery and imagery
rcwmplcd to epipolzrr gcornctry to bc

-  ‘Cr=-

used for stcmm hcigh( retrievals, All
36 MISR spcc(rtll bands

~’op-of-Atnlosphcrc/Cloud  Rctricvak

(1.cwd 2 standard processing at I

–~I)istributcd Active Archive Ccutcr)
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band 1

band 2

band 3

band 4
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Ovcdappillg  nlLlltiplc
MISR imagery from
diffeicrlt orbit paths

TILIC CGM

——— -— __ . . Supplid  CGM
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Dclcrtuine

image coordinates

Forward
seeing center

projection
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Ncw MISR imagery
(same camera, other band)

Ncw M ISR imagery
Ref. Orbit ]rnagery (san~c  camera, Icd banci)
(one camera, red band)

Rand-to-band
transformation

Resanlpl  i ng
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Define
initial SOM region

Ap~ly  image point
intencct]on on sclcctecl  points

Apply image matching to correct  for
navigation and

attitude
clata errors

}
I

●

Estimate  parameters
of image-to-image

transformation
cor[cs~~oll(ii[  lgtotllcillitial  SOM

region

~.

Bascciollthc
acclltacy Ofthc

estimated
t ransformat ion

rccLltsivcly  divide into
sub[cgion  or stop.






