Title: SYSTEM AND METHOD FOR ANALYZI NG AND | NAGI NG THREE/BIFNERRY ONAL VOLUMVE
DATA SETS Abstract: A systemand nethod is provided for quickly tracking a
physi cal phenonena represented within the three-di nensional volune data
set. Ag,loq}r jy of planes may be successively di spl

42
t hree-di rren,?l’onal vol une data set from which points are gdglilzed rel at ed
to the structur each pl ane. The
‘area bet ween thegé’g{w@%m!ﬁa Cﬁ@%@y@w s interpolated to
produce a surface (ME-D&SE&E)N@L MQLGWEIMTA SETSt ure of i nterest,
which may for exanple be a fault plane described by the three-dinensi onal
volunme data set. In this nanner, the user can nore easily and effectively

vi sual i ze %@W@PW@’F@%@WW ures and physical paranmeters that are

|nher5ent in the three-dinensional volune data set. 25 April 2005

FIELD OF THE INVENTION
The present invention relates generally to imaging of three-dimensional ("3D")
volume data sets. More particularly, the present invention relates to fast visualization and

10 - analysis of structures within 3D volume data sets.

RELATED ART

Many fields of endeavor require the analysis and imaging of three-dimensional
("3D"} volume data sets. For example, in the medical field, a CAT (computerized axial
15 tomography) scanner or a magnetic resonance imaging (MRI) device is used to produce
a "picture” or diagnostic image of some part of a patient's body. The scanner or MRI
device generates a 3D volume data set that needs to be imaged or displayed so that

medical personnel can analyze the image and form a diagnosis.
Three-dimensional volume data sets are also used in various fields of endeavor
20 relating fo the earth sciences. Seismic sounding is one method for exploring the
| subsurface geology ofthe earth. Anunderground explosion or earthquake excites seismic
waves, similar to low frequency sound waves, that fravel below the surface of earth and
are detected by seismographs. The seismographs record the time of arrival of the seismic
waves, both direct and reflected waves. Knowing the time and place of the explosion or
25 earthquake, the time of travel of the waves through the interior can be calculated and used
to measure the velocity of the waves in the interior. A similar technique can be used for
offshore oil and gas exploration. In offshore exploration, a ship tows a sound source and
undexwater hydrophones. Low frequency (e.g., 50 Hz) sound waves are generated by,
Vfor example, a pneumatic device that works like 2 balloon burst. The sounds bounce off
30 rock layers below the sea floor and are picked up by the hydrophones. In this manner,
subsurface sedimentary structures that {rap oil, such as faults, folds, and domes, are

"mapped" by the reflected waves, The data is processed to produce 3D volume data sets
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Computer software has been developed specifically for imaging 3D seismic data
sets for the oil and gas industry. Ekamples of such conventional computer programs
include VoxelGeo, available from Paradigm Geophysical, Houston, TX, SeisWorks and

20 EarthCube, available from Landmark Graphics Corporation, and IESX, available from
GeoQuest. Such conventional computer programs have numerous deficiencies that
preclude auser from quickly and accurately visualizing and interpreting features inherent
in a 3D seismic data set. Conventional computer programs for visualizing and
interpreting 3D seismic data operate on the full 3D volume of seismic data.

25 Consequently, every time a change is made, such as a change to the transparency or
opacity settings, the full 3D volume of seismic data must be processed, and the image
re-drawn. Even when such programs are run on highly efficient graphics
supercomputers, the delay or lag in re-drawing the image is perceptible to the user. For
a 3D volume containing 500 megabytes of seismic data, it can take on the order of 30-45

30 seconds for conventional programs to re-draw the conplete image (frame rate of 0.03 to

0.02 frames per second, respectively). During the 30-45 second delay time, the mind of
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A 3D volune data set is made up of "voxels" or volune eMEHZ05 Each voxel
has a nuneric value for sonme neasured or cal cul ated property, e.g., seismc
anplitude 5 of the volunme at that |ocation. One conventional approach to
gener at {yad28%121 mage of a 3D vol unme data set is to cr &Bsdshon the 3D

vol ume data set into a plurality of two- dinensional %"ZD') Cross-sections
or slices. The inmage ofthe 3D volwgr,re data set . is then built as a conposite

of the 2D Heitgadoscidpong s featureob ieragiemaiing HUBEnly i omPIRlY %et s
gener at ed ' ices in order, back-to-front, and then
conposi ted%ﬁ%ﬁ' &g@%%gﬁbgﬁné?g&#nage. The user sees the inage being built
| ayer by ‘| ayer Swmetchaventionab3i) sedsmignteysetatfdntphagmais trémdda thesapadlity see t he

i nternal organi zatj.on or structur he vol unme as he c site i mage
O owe. -t heviila TIPS et S P pvaibes Rehi Bae TROSORRERH y © ol ov
par tigul ar iy WHeMa¥esHiné MaR ?Eecy%wmena%ﬁma@&. SAR{ufagB OF 9 shieqst
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Additionally, the slice and conposite technique clutters the user's field
of view w piaceeistdrammeolise slecter fpiaceradn then bandated) tibddsized 2t thiat lecatton. user' s

‘ability to _accurately vi lize and interpret features inherent in the 3D
Vol une dat Howates efinbal ol esptaer ot i SLo UL us of S S SRFARH 1y 1 or
| magi ng 3%&1@%8&&19@& Fear et 'hRS bidiCieMidiveRN Hetfitodl HEURREY mubixBeTP! es of
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Par adi gm Gaeptapisd,catew lbieation. oncooidigateSdorshwpdiffereatrpicc? (5 dBteredh@ulznevavai | abl e

from Landnmark Graphics, Corporation, ,and_] ESX, avail gbl.e fram GeoQuest.
Suchi % ony eHaEe AT ELABHERIE HF HFaRtPiotsy DocTniripens inthe diplanl ibesd hay

precl ude A difiot fo ot 1 ARl Bhnkin) hetWalnldhd 8 piideh difthe” Pr et i ng
features inherent 1 n a 3D seismc data set.” Conventional conputer prograns
f or vi sual fulli3Bgvodanok ofi seismicplatithat fav@ Desrinmged: Thist impeges ttmtuserbabiditye ful | 3D
vol une of seismc data...25 Consequently, eve ti, nge is.mde, such
as a phang@qtﬁmf%@nf”pm%g?ﬂ!?@ am@bé’@ﬁaﬂ'?”ééﬁtingg’g?“lfﬂiv B¢ °BD vol ume of
sei sni ¢ daefniUgda. DRIREQERP 365 thRA ohl) & pidtBELihe KA I fMine FMERmINEN such
prograns are run on highly efficient graphics superconputers, the delay or
| ag §5n r e- dtaivbaing visidy disgleged,icenvertional 3D shismictimerptetation prografEecontiaue3D vol une

cont ai ni ng_500 .nega f sei.smic data,, it _can take on the order of 30-45
50" s condoresEp g Al 713 18k 5t s 4t B i amesse benhb pevEetinge (11 ane
rate of 0.@3idyf thd iBded baRBERePer second, respectively). During the 30-45
second delay tinme, the mnd of -2 25 April 2005 WO 02/ 37422 PCT/ US00/ 29835

the user | oses Gopgensions 3Diseisihie atterpretation frogrememvyidethk tapgbility telfaifoi cul t to
conpl etel ypig}(mdandqaé) / lpgmt% qggt%%t?sf} Qevogﬁlsgl%n%nda?gto%thm. However, these |

20 programs typically iterate through the full 3D volume of seismic data to identify the

points that satisfy the voxel selection algorithm. This is time consuming even on a high
speed graphics supercomputer. Additionally, conventional 3D seismic interpretation
programs do not provide the capability to direcily delete from the collection of picked
voxels. The only way to "eliminate" points from the collection of picked voxels using
25 conventional 3D seismic interpretation programs is to repeatedly adjust the selection
criteria for the voxel selection algorithm until the pointé to be eliminated fall outside of
the selection criteria for the displayed points that satisfy the voxel selection algorithm,
Each time the selection criteria is adjusted, the image must be interrupted. This iterative
process is time consuming, and interferes with the visualization process of the user.
30 ' Thus, there is a need in the art for a system and method for imaging 3D volume

data sets that overcomes the deficiencies detailed above, Particularly, there is a need for
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Some conventional 3D seismic interpretationprogranms prcidEilZ085 capability
to visualize and interpret a piece of the full 3D volune of seism c data.
The user identifies 5 the coordinates of the selected piece via a nenu
command, An inmage of the selected piece is drawn. The sel ected piece can
then be rotated, if desired, at that |ocation. However, to | ook at a
different piece of the fall 3D volume of seismc data, such as to follow a
geol ogi ¢ f daystpandmagthadihat pediwe kpagat oflaeg 3P yelyierda@dets fnyesPoREde must be
interrupte | rdi ] i f.fer plece is

ent er ed, aﬂs rglpﬁtgdaa% g%tfngcg%ﬂ?gasg@%v\% L{cl%tn‘% %efr}’?%%&’pﬁ%%e{’ é)?ggrﬂﬁ%?ece. The
J'nterrupti cienpainttitcindpes plithye peicemihpe delimloehgi Theth if & inedd| for £ iterhlagd user to

vi sual i ze an ontinuity between the two pieces of the, full 3D volune of
sei snic daf"&H’Pﬁglat 8 aseio ieraciyely thange ﬁwml@gec{ Rge B cptiBsis ity  to

i nterpret i i . | aglL.c. [ Eetd in the full
- 3D vol une g%%%,&ﬁ%hﬂ%@?@&i@ﬁ%@%{%&y%\S}%%@?lh%ggsgst%ng%gd Iglg%P%ce of the
full 3D volwoud alidw s edeswinoord ridkht aad acculaelyrigtenpres aral ientdfydnassdnhersnonvent i onal
3D seism Cinij!gi erpretati on prograns continue processing the full 3D vol une
of seismc vl e‘&fr‘%ﬁff}st he i mage, thereby slowing the display of the
image to the user. Conventional 3D seismc interpretation prograns provide
the capability to "auto pick"” and identify points that satisfy a voxel
sel ecti on SQUNBDMARKF HOREVEENTIOMNSse 20 prograns typically iterate through

the full 3D voluynme of seisnic data.to identify the points that satisfy the
voxel sel ectionxﬁf’ pqimERO qc‘ﬁipges‘?némf’?mi’@n@dﬁﬁ?} QG S¥IER chod f9h  speed

graphi cs SHRELHEHREiRheind B JohBRAIWY sei QRYETBIP BAlpLAD pRfbE Sl Gih
interpretation gpr ogr aglrrrégb\do not pr ovis%le thgg capﬁﬁlﬁ% to |re§{Iy del ete
fromthe cwldrastve tosls.of picked voxels. The only way to "elimnate" points

fromthe colleciion of picked. voxels usin 5.conventjonal 3D seisnmc
interpretation %’y@&r%?ﬁ%‘giogaﬁeom?’%‘é&t %6‘?69103_ hé‘Paﬂn??easdéTF‘?e’%ﬂeB%ona riteria for
the voxel $6HnBE DR bl PIMalidy lor VRRISBRIRE dach Yo RE chirBbNAtpd. fal |

outside of the selection criteria for the displayed points that satisfy
t he voxel éigieasidnablocatiogend & damworBacprovidere Thi datgedrdds icprsantativeoia i s

adj usted, the i e must be interrupted. This iterative . prqQcess is tine
consum ng, PARGHPREGIER einero s DrEliaolp RSO user . 30
Thus, thergeob&ya TREGbthdd SdnSriRdst crbdihg B S48 640 ARL-FRERRaIl s%gnﬁ@gl ng 3D

volune data seéets jthat over comes the deficiencies detail ed above.
Par t i cul ariprgbe, wherein thesthrge-daasibunl san$lis prde islthe20ME size eneswibwt afitie met hod t hat

CRIECL T ST RO P R RN RO S
real -tine ped\ARESn b Probd eick PRECandWh LB PRIVE SRE P hfopeliAy piBbe £:80- There is
a need for a system and
plane. Other steps include producing a plurality of control points in the probe face
plane such that the plurality of control points define one or more lines on the probe face
plane, and extending a ribbon section from the probe face plane toward the opposing
probe face plane. An edge of the ribbon section is formed by the one or more lines.
Another step of the method includes selectively imaging datawords representative of
" the physical phenomena at three-dimensional locations which intersect the ribbon
section and the three-dimensional sampling probe.
According to another aspect of the invention, there is provided a program
storage device readable by a machine, embodying a program of instructions executable
by machine to perform method steps for imaging a three-dimensional data volume, said
three-dimensional data volume comprising a plurality of voxels, each voxel comprising
a three-dimensional location and a dataword, said dataword being representative of a
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nethod that allows a user to interactively change the d@sHrdy®85imge in a
continuous nmanner, wthout interruption or perceptible delay or |ag. Such
a systemand nethod would allow a user to nore quickly and accurately
interpret and identify features inherent in 3D volume data sets. SUMVARY
OF THE | NVENTI ON An enbodi nent -of the present invention is directed to a
system and pethod for analyzing and, imagi ng 3D volune data sets using a 3D
sanpl i ng- pPBFicalpheneynenay said mebpd comprising Gisplayipg a plage y4fhat saibthreene

i nventi on, gandiBbi®dat QB Goliging 4 Bl%ﬁuﬁfﬂbf”'&ﬂﬁ»&l@{&ﬁlé% ir%éald-‘ﬂ%ed% set

conprising a plurality of voxels where €ach vox rises a three-

di nensi onabluf; ficomircd peinty defertingmne @r morelinsy paisadd platve extendingar ribbpe
representati . i cal e.d. ...an l.i,t ude signal related
to a parti %éﬁﬁ‘g[} ﬁ%rggfufi &’Eolérég’v(\}% ?ﬁ?%mggggg@g%n@e?&f'hbeem t?%%& bgosﬁ%rqnggg creating
at | east omerd linespardi seiEctvelyn ahaghgngald dgawqdobpresani@ve iof sdill @hysical

t hree-di nensi onal s [ i.n rohe i.s the sanme size or a subset of the three
di mensi onaBﬁe\?B‘Flﬁ‘??eat g’g‘?é&?g'fsﬁn%ﬁ‘écaf’?ﬂsé’g’-‘ﬂ’l W@W&?téﬂgpgwt}oﬁén%% e has a
probe facerldnensionaldadaveRfef ace pl ane and an opposing probe face in an

opposi ng probe face  plane. O her steps include producing a plurality of
control points ARCAdEE for Bwuker apect obthgiavestiom thereas prdtvide aunrethad §pr of cont r ol

poi nts def i ng;anNe BfceMMh&istohdl et VolddRe, R thrdAfifienshindl Qata 2Phufixt €Ndi NG 2
ri bbon section fromthe probe tace plane toward the opposing probe face

pl ane. An eugpsisin atreality lob vexelseesch omxdl sofprisingrk thyeetdirecrsivealdocation e | i nes.

Anot her st 0 : i ncl udes sel.ectively dmagin t awor ds

Fepr esent atkiasioR, FEI Ad AeSRE rflified e a R Al EF R ocat  ons
whi ch i nt ewithiatsaill Beeeditbb@ionalsaitvolimeafifiminga firfl k@of comeNsdianah seanpl i ng
probe. Accgordi 1.0 ot her aspect of the invention, there is provided a
program st6¥ é’gga’&e?/rf’ eef‘?re‘é??g’ﬂg e QPY%F"Lﬁ’g?ﬂOH’é?a éﬁ%ﬁﬁ%ﬁﬁ Ry saidpthessr am of

i Nstruct i OfigneR*GRHNEADVEumE) baildBER B tBntRi pbRlsMeiEhY adirs sPRS dufle; | MBI N a
t hree-di nensi onal data volunme, said three-dinensional data vol unme

conpri si ngMavipg g fraeyof spid\igrls © a eegend pesition widhip said three-dignensional

t hree- di nepgi |8p ' rd,. Sai . '

representati lzlll{e?&o a -%géfwﬁﬁc%%%%y@l sglgﬁéc%ﬁgﬁ%%g?féggaggﬂ&t hod
conpr i si ngsaidiplgpicalyphegpnzenp| saidesewint etnofsantlolt foirtedefuingensicamdadplidat a vol une;

Cont rol " poes SEplembifre Reven e R st skl et e oeR ng & 11 bbon
section fr@fing atfeclidBBionIRartRe gpraéntait Of faidPp9fcsS Bnbfenabei ng formed by
said one or According to another aspect of the invention, there is provided a program
storage device readable by a machine, embodying a program of instructions executable
by machine to perform method steps for imaging a three-dimensional data volume, said
three-dimensional data volume comprising a plurality of voxels, each voxel comprising
a three-dimensional location and a dataword, said method comprising: positioning a
plane at a plurality of plane positions within said three-dimensional data volume;
forming a set of control points at each of said plurality of plane positions such that each
of said set of control points defines a related spline curve; and interpolating between
each of said spline curves to form a surface representative of a physical phenomena
described by said three-dimensional data volume.
'The method may further comprise steps of editing the plurality of control points
~ on the probe face plane to thereby redefine the one or more lines, and extending a
correspondingly redefined ribbon section from the one or more lines on the probe face

plane toward the opposing probe face plane. The step of editing may further comprise
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nore lines; and selectively inaging said datawords repPédnil20f¥e of said

physi calyohghgiena at three-dinensional |ocations whichyhpiehsRgls said
ri bbon section and said three-dinensional data vol une. iccor gto

anot her aspect of the invention, there is provided a nmethod for imaging a
t hr ee- di menéinstions shgh s vgleting one gF norh pé thecplahiti oheantigh painise changing a

conpri sing .urality of v I ch voxel comprisimg a three-dinensional
| ocati on aﬁ&géo%%oﬁl\é'f ﬁ‘?r%%ﬁjé{aﬁg'a&&@f’%‘ﬁipg Pﬁggndp%dsd?’?ﬁ NG R ‘?Oerllct:r e i]of a
probe at a th%to%ﬁlﬁiaﬁﬁzof’@ohﬂbfpo‘iﬁﬂs.d t hree- di nensi onal data vol une;
formng a first set 'of control points on said face of said probe for

tracki ng a physi bai pfierdrearbadibesd thbgbbdnsestaomis peaperdicel amte i rrabe fagat a
volune, said firsf set, of control points defini a.first, spline curve;
rovi g sai dpleae @S Shben ssramunen Bl d st bl iy Bapdife b
thr ee- i MNg) 3B, M8k Yior TS DO N ritRR e RlonRRly Betapad sai d
face of said probe for tracking sal ysi cal phenonena, said second set
of control - gabadisthd pluralitn of ot poidtssp eomtrucicaplumlityaoitbpien skaigid lates nga
between said first spline curve and said second spline curve to ,define a

~ t hr ee- di menslogerhlines gecmartaical Sgies € desirady Bhesbbopisertion s pretaratin eararrised of
 Aecording o AngLher ASRCGH, BhuthEChAVER! OB AR Bl cRIIRA, @ RO am

st orage dev : a nmachni ne, rogram-o structi ons
execypabl e o_bypmgigy BEsiti@faesy sfanephod steps for imaging a
t hr ee-di mensi onal data volune, said three-dinensional data vol une

conprising a pl ufwiriotlyer sfmbedinedns of teqesenidarentionpelptsilig tragking a particular

t hr ee- di i or ti d a dat i d hod i si_ng:

bosi L1 oni ng PAVSKH HEOHEnS L PT ecgoareL srilh 3 el BiRY AR e deps of
three-di ”E”?Jt)sgtﬂgﬂin b 3pr¥6Y #88pland 8B oditios witkin ﬁQF]ir&@hiu?éhbf&hﬁl WinRach of

sai d plural [ pl ane positions such'that each of said set of control
poi nts def i des set and|fatnaidg adirsirset clwontrpl poidisiontthe pwbatficeplhetfoeeackimpah of

said_spline curves to forma . surface representative of a physical phenonena
desciPbed by phwgﬁn@?%ﬁﬁq%%@eméd%ﬂwl wﬁmﬁtﬁgﬂ- AEgOETYEher

_]?O”p“ se st ﬁﬁ? i:gélucfe%{e at T%%Wuﬁefn%é k¥t 9t o‘f%@ﬁ#éi' ol { defin@ f&EtesHBﬁé’be
ace plane to"thereby redefirne the one or nmore Tines, and eéxtending a

correspondi aghy. Oteestepatay inblnds naeiig thepfobe i 4 Ko eosttion Witiein ki feeon t he
probe face plane toward the ogposi.ng probe face plane, The step of editing
may furt her disgsmgionalerolupae Zistasst, ifprnying 8 segond setf sopr@epintsowihzaeess fehict i ons

such as del giJ, 08 8A8fF olI%hsih phlirRla oA inkofp i B 2h Bhch n1RD91 1O

20 second set of control points define a second spline curve. Another step may include

interpolating a three dimensional surface between the first spline curve and the second
spline curve which is representative of the physical phenomena.
. The method further permits displaying the interpolated surface where the surface
intersects the first set of control points and the second set of control points. It is an
25 advantage of the present invention that the first spline curve, second spline curve and
| subsequent spline curves are curvilinear.

Additional steps may include the reiterative process of moving the probe to a
third position within the three-dimensional volume data sef, forming a third set of control
points on the probe face plane for tracking the physical phenomena, interpolating

30 between the third set of control points to define a third spline curve, and interpolating




| ocation of one or nore of the plurality of control poizﬁt@?rﬂgﬂW addi ng one
or nore k3, Points to the plurality of control "poin eferred
enbodi nment’, {Sﬁezzri bbon section is perpendicular to the p%@gfedspoé{%ggS pl ane
and the ribbon section may extend fromthe probe face plane to the opposing
probe face hetwate. thefiest eplineorurvip ke Secorelssplioe, rind dghet third eglige afrvd foor fodtidron
section may edite t hrough the plurality of ntyol, pojnts to construct
a plurality %ﬁm&géﬁf? g’%’?“dﬂﬁﬁ’f‘g?”?é’hé‘éﬁ Tepresep @‘Eloﬁc ﬁﬁ@ﬁﬁ%ﬁﬂaﬁg‘?ﬂ‘)&ﬂna‘f igure, if
desired The ribb ' i af bk ¥h ' I *

pl anes. The ri bbgg (geg%ﬁ’g{r%mrrglfa%r ﬁrr{gg not EﬁgB%gfig%sgpsW&tc %(rag%%%g @% each
10 of a pl urredprdsyntixfe conttel Hainte sn tie groie: fhcefiane dt Fespenivb osidoixadithepbbalf t he

present invention related to tracking a particular physical phenonena,
such as a ge¥rsayEathermethed maycngiade displesipech ayvilngan ¢ranegtion("piourves')

N age . e b
P o ai monRree rEREe A SEpR A i ipl oy bollhelar B b AboliF scp g
poi nts on t hgcHideodiSplhAae the splifle E@¥ed du@@hd Vawed Sn RiR)Eles dimH3RMANRPACe.

descri bed by the three-dimensional volume data set. Another step may
i ncl ude i nt dipepling qugvasendémv-cirees form o thyee dinfensionalr gid gdod represematiiefafne a

bourt 1 on w AR g R B b PR e huB o
set ofg cont glyeR @hdiR RBulEE @h@&%t}foﬂ%?ag AR sk %Efgi‘ﬁ ke LbrnP iy iscal

phenonena and interpol ating there between such that t 0 second set of
control poi rbstral@bimeom theqrobaifasppliane tharebyereshiaphightbe suifap andgrid betvicdn
interpolating a three dinensignal surface between the first spline curve
and the sec#CUTSE SRkRe SUFvE ang Mhegrior spleisSent at i ve of the physi cal

h . Th Lt S50 ' I f
there the surf acaririaplythe AfthofBelhs i haBidlAth B0 kMBI AL plugity | oo
second set of imatdatiohs potheteby rdpositidn @k prabe fdy BRAKEGLpAE tirbegtothe seltted

invention that the first spline curve, second spline curve and subsequent
spling curvdgergpationy rifiemetbed alspgemprissa seleefingnne pdghe setq eftkontrplepointister at i ve

Phrees di et ebdifiRiREsiob8 ae plodl - hefiiblaR e eleplel st eomtenl ol e s on
the probe face pkamal M&%?K%Eé&n&@@%gﬁb&?ﬁ?ﬁdi&rﬂa isD58pPRIAEE Ng 30

between the third set of control points to define spline curve, and
i nt er pol at i pesitienipsthamprote RenEany@t 0 phealng af PASfiGIBOLIIAA BRShivetdimensidriag fi r st
spline curve,, the, second spline nd the third spljine curvye for further

ot | ni ng- 1 hEoPiPE R Bieg s of Pohuio! Pepaeathot e Riwelie rgts fase

pheng@ena. piane positions such that each set of control points defines a refated spline curve,

- repositioning the probe face plane and interpolating between the plurality of spline curves

to form a three dimensional surface representative of the physical phenomena.

FEATURES AND ADVANTAGES

25 Itis a feature of the present invention that a ribbon section through a 3D sampling
probe can be created, redrawn, edited, and moved quickly and conveniently by creating
a plurality of lines that are then projected through the 3D sampling probe. The lines may
be drawn at angles offset from the coordinate system, such as an x, y, z or Cartesian
coordinate system, of the 3D sampling probe.

30 It is another feature of the present invention that structures in a 3D data volume

set, such as for instance geological structures, can be quickly mapped by selecting points
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If desired, the nmethod may further conprise steps such QésAI@Hizpp?lg t he
respres i ntrol points on the probe face plane at i
posi ti Oﬁ@bggﬁgﬁg probe. 5 Mreover, the nmethod may i ncl ggzﬁlgﬁ%{%ﬁgsyi ng a
curvilinear connection ("v curves") between respective control points at
respective ResitbQaSa Bhurdifieoflb&bns MRS 16 SaibIfh (Fobe, whithpofis by fleaybng t he
spline curves and thaéﬁlf\?fcﬁf\ees onn% he three 1{):Iiﬁ{rgensieonal urfacef eThe
spline cur véstemothtédio produoe ¥ gisd drurface related ¢o i memsirenThe grid Mapbsquickly
representative of _the physical phenonena. The grid includes aplural,ty of
i nt er sect i orfdiipbaidds ke BaY Pratored i various BRES I -Swifwgvéﬂ sekiciing: gilo Ry
further co tﬁ%&tﬁ)%ti ng the current set of control points on the probe
face plane, thereby reshaping the surface and grid between the current
spline curve and I{iBgetanbiber Batuicnd thepiasent ilentiot that, ys 4 fRr ildrividelyayowk SO

i nclude steps such as selecting one of the plurality of intersections to

t her eby rep@sil samplingerehedbwugha dDplokiee data sehdhe ipaesogithe welages ofthedD 15

i ntersection., The nmethod al so conprises l,ecting one of .the sets. of.
contr o por FETRGE PREF By b SRRy R At serin e Hedige fckidip ougn
the sel-ect eqe3imOHith aveRlent T i SD sax%b%@?xoﬁ@.osﬂﬂlar%)is a akeroRieRdLvEpt of
t he met hod may conprise steps such as “positioning the probe face plane at
a pluralitymdvepaSt sammsing robethtdughtal il voldimesiati sehdhe 3Daampting prebesist |

formng a set of control points at each_.of the plyrality of probe face 20
pl anewgosi t VgREnSsTrRRAere a‘t"(lab‘o’@ﬂmg ZE5FS O HAPTAISHEY np Yn%%alé‘t 4t%d
spline curv i:fd.00] ). fvﬂﬁltqﬁ I 'fﬂﬁ)%h] L bet ween
the plurali §r081¥v§£%%i1%fg§’€{:]%§%@‘??gera?gfri’lﬁ] a ?{ée glt Bngﬁlgi?’(!)ﬂn% su?#)gdg%'

representative oftikhéuniy fsanné ofthe pesend hvehiwhlibitaSiséian MPANTAGEEShaRe It 1S
a feature of the present inventign that a ribbon section through a 3D

sanpling pilspdapear gge ef @ dADsampling prahg so dbat thaimagepnnBe surfepes ek e Had
ng | . ; ta ol t j
Chrough t he SPiSEEAb. RS Bl ool tydb el s RS e D BN

fromishe coesatliipat with el dehgsidGhagoraike of ihe 37 s@ﬁplﬁgrﬁr@&. Bimileflpf Shpat e

system of the 3D sanpling probe. 30 It is another feature of the present
i nvention t et ienacitvaly ebarge the SrpgaarasizeopliasD sanplingpobasoftbat thasilince

geol ogical structures, . can be quickly mapped by selecting peints -6 25
Rori 2005 SeneiserBsisaElmstes el BV fapbeol Bhipalihel St ot oS

| ocations | P@éggl,' ; i ke : [ i 0ol at ed

to produce gh até??%&é %}r surféggﬁeb @%gg%a(?‘é@ tﬁ%??ﬁﬁq?%%gkﬁ kgqgﬁl%dggkgélgg

qui ckly edbf thd 3@nsdmigimgpralize may be noved to various points on the surface

by s ezloect 'ng gri ijt is yet a further feature of the present invention that a user can interactively
rotate a 3D sampling probe so that the image on the surfaces of the 3D sampling probe
is re-drawn "on the fly" so that the user perceives the image changing in real-time with
the rotation of the 3D sampling probe. Similarly, a user can interactively rotate a 3D
sampling probe so that the 3D sampling probe is volume rendered with varying degrees
25 of transparency "on the fly" so that the user perceives the image changing in real-time
with the rotation of the 3D sampling probe.
1t is yet a further feature of the present invention that an eraser 3D sampling probe
can be created and manipulated by the user to directly delete from an image selected

points that fall within a certain datavalue range.




intersections. 5 1t is yet another feature of the pres@itAmiZeéAti on that,

‘as a use‘;mio%%ﬁcti vely noves a 3D sanpling probe througFEﬁJrsg(P%#%mune dat a
- "o

set, the I'nage on the surfaces of the 3D sanpling probe n
the fly" so that the user perceives the inage changing in real-time with

nmovenent of the : i rﬁb,ﬁ L0 ; r..l A j.ve

noves a 3D sanpl ﬁﬁéssgl?gg%dﬁ% oug eefﬁlff%hév%]%ar%)ng’g?ga ggﬁcab%ﬁgﬁﬁéfgr%%p ng
probe is 10 samplingprobe tteifehotivéi tradryd R0 deigedatadét th catERBhBPfllowindt he
fly" so that. the user perceives the image changing in real-tinme with
novenent of fAge8fakKepling probe. It is a further feature of the present
invention that a e Lateract bvel v _change the_.shape or size aof a 3D
sanpl i ng probe s(%Pfsh%pﬁﬁ%éa%%%gSﬁ\ﬁferéeﬁ??f]g?géwofhaf L DAt C%ﬁ_ﬁlyprpbe
is re-grawn chanpetthedibpMyedsitnabh sl a §MEnHGRMABREE Wikt ihteﬁugﬁag@rﬁﬁ%gablgg in
15 real -time with the.change in shape or size of the 3D sanpling probe.
Simlarly, delageorlaganThisabows 8 iusesity nuive quiekiyradshapatelyr intarpret afd ideRidy

sanpling pr so.that t 3 S | i pg probe is volunme rendered with
varying deg(r]fb G%F’%F’ieﬁlﬁg‘&j?gﬁae?e%@%%eﬁe fly" so that the user perceives
the image changi nggiB; 4 Bfthat dd0Eny ; ' ' the 3D
sanpling probe. ZOSI[Yt I's y?at gﬁ%%ﬁ%#ﬁéﬁg%?ﬁég&goﬂtﬁ%a%ﬁ%géar??élfl%\%n “on

that a user cembe intetatizclyira-shaped bythatiger to :BMch thiephdpeof proddydc faturdiathetdhe | Nage

on t surfaces, of the 3D sanpling prohe is re-drawn "on the fly" so that
the uer peleﬁgii\?géh‘? Pt fapgiisr zélﬁ'éqqk}ra‘ ﬁﬁ‘? 8@ﬁneéh¢ extenhol gpelpgicifeatuest at i on of -

Sanpl i ng probe s o P dprti Bl At ot et Sentiffinih SBEH A b uleli iV Gy
~ varyi ng degaedmnt@prafiaye aolhprs N8P selfhid 8aaf Nic plferd hXlentibe cMSBE uRBH§ei Ves

the inmage cha.ng]io,ng inreal-time wth the rotation of the 3D sanpling
_probe. It i quigkly aadpegurstely idensifydidlliog sitase The prosent inivienidon ¢apradvardageansiyr aser

3D i d.and i pul ated by th .0 dj tl
del ot e 1 ronPBSREte SRRIY TR SP iR AR e G o oS Pl B vl e
rangas -7 2gxifiid wWel)ahd 1016cdS Adfdenhl RedivkS00/ 29835 It is an advant age of

the present invention that a user can manipulate a 3D sanpling probe to
interactively traverse a 3D volune data set to continuously follow and

i mge a fea@3 ré‘* It is afurth advant age of the present invention that a
user can in E‘F PESHYTION QK GURES di spl ayed i mage in a conti nuous

manner, W thout ht flekdhRidveRidiis RELAGREWIR Rference to the accompanying drawings.

In the drawings, like reference numbers indicate identical or functionally similar

20 elements. Additionally, the left-most digit(s) of a reference number identifies the
drawing in which the reference number first appears.
FIG.1 shows one embodiment of a softwate or program structure for
implementing the present invention;
FIG.2 shows ablock diagram of one embodiment of the 3D sampling
25 probe program of the present invention; -
FIG.3 shows a curve illustrating opacity as a function of datavalue;
FIG.4 shows a flow diagram illustrating one embodiment for
implementing the present invention;
FIG.5 showsaflowdiagram of one embodiment for changing a defanlt
30 _ probe; :




delay or lag. This allows a user to nore quickly and aceukEHel)5i nterpret
and identify features inherent in 3D volune data sets. It is yet a further
advant age of the present invention that the 3D sanpling probes can be

i nt er acig\wehk¥zs €- shaped by the userto match the shapgepfisgensfgi ¢ features,
thereby 10 enabling the user to better visualize and define the extent of
geologic features. A still further advantage of the present invention is
that it can be HBE®b t showssadidw eliagditdl dMbs Pnlodindmeforeehtiiges of 3D seismc
data. The present invention can be used to quickly and accurately identify
~drilling sites. The p#d&ionglpra¥snti on can advant ageously be used to
sharply reduce i sm ] C 1 t . production from 15
exi sting wel | s,ﬁfa&r;f?ato o%aF"gdg?g{(?f‘t%rl%g?‘hﬂFOé@%er“ﬁe“gFB%%?éﬁp%%sml PTION OF THE
FI GURES The pr eBEGUS i shoastai o idiageh@s of brivednbiidinient €frathgingt0 t he

accon%)anyi ng drawings. . In the drawings, |like reference nunbers indicate

i dent?cal or function®®P§ sinmilar 20 elements. Additionally, the |eft-nost

i dent?cal ¢ ar 20 « ally, the left-
refor ente nunber G+ pounnaay dilspbloht Enddiierita@itl® of 2'<Cr'vare

or program structure 3D spacepl enenting the present invention; FIG 2 shows
a bl ock di agramgfé lﬁn enbgdi nent of the 3D sampling. probe program of the
present i nvent i BH- 18] Bowsa daydessnefope embodiment Frrofatingfadosy as a functi on
of datavalue; FIG %ﬁﬁ%dﬁxs&:&é&w diagramillustrating one enbodi nent for

i npl enenting the present i nventioh;, FIG 5 shows aflow di agram of one
enboill nent for EMaNdi shgwsa fletd diagram o sieleaiboditheRtTorARsrying 8GQRtoVO 02/ 37422

PCT/ US00/ 29835 FIG 6 ,shows a flow di agram of one enbodi nment for creating
addi ti onal probes; FIR$king @gesdselsctionow di agram of one enbodi ment for novi ng
a probe;  FI G Hieods S pudiiaRhAPaUomBier SIRALLIRIM fof Qe "€-Shaping a 5

pr obe;

with the present invention;
FIG. 13 shows an alternate embodiment of a compuier system suitable
15 - for use with the present invention;
FIG. 14 shows further detail of an exemplary computer system suitable
for use with the present invention; |
FIG. 15 illustrates three opaque probes of the present invention, with
two of the probes intersecting each other;
20 - FIG. 16 illustrates three probes of the present invention, a data probe, a
transparent cut probe, and a volume-rendered probe;
FIG. 17 illustrates a ribbon section according to the present invention in
the shape of a star; ,
FIG. 18 shows a block diagram of a system for producing the ribbon
25 | section of FIG. 17
FIG. 19 illustrates a three dimensional grid and three dimensional
surface representative of a physical phenomena described by a
3-D volume data set according to the present invention; and
FIG. 20 shows a block diagram of a system for producing the grid and
30 surface of FIG.19.




FIG 9 shows a flow di agram of one embodi nent for rotat2Pdyrd2BPdbe in 3D
space; FIG 10 shows a flow di agram of one enbodi nent for rotating a probe
while fixed in space; 10 FIG 11 shows a flow di agram of one enbodi nent for
carryi to picking or seed selection; FIG 1 e enbodi nent
of a conﬁf))(g%%e'lr“%;ystem suitable for use wth the presen |}r‘1y\§/9e§1§tqi on; FIG 13
shows an alternate enbodi nent of a conputer systemsuitable 15 for use
with the pragenioRNeRb@NorTHFPridaRRA Mhmbivdhs detal | of an exemplary
conput er systemsuitable for use wt e present invention; FIG 15

i | | ustratefvehwiere opaque probes of the present invention, W|th two of the
probes intersec 20 FIG 16 illuystrates th ee probes of the

h oth
present inventi %nﬂﬁ glné(gwgﬂ%dﬂ tedtp - ypemant method Jeralyzigg ding _
vol une- r engiagieh MRbBmers]ofal {%"?1 bbiiRk rd@l%%&s Qsihg IQ: @gwsaﬁgﬁﬁs%]%gbécﬁr ding to

the present invention in the shape of a star; | ock
di agram of Valuslpdatemtswmppsaj'dopcahhgﬂtohmereldmm EﬂlﬁVBﬁG‘.iSl&G&]njﬂé ofpolat 17; FI G

19 illustrat h I d.three di nensional surface
replresg?lt ;fll o‘ﬁ‘) "5{63%&‘@5& Q@‘%’é‘ﬂ’% H’Sﬂ $OrTR B Yy delavalieyvRess e dat a set
accor di ng Broz"tﬂ'éimﬁé@ﬁ\@ b lbd&’ei&%f ROpoi it e g%%@ﬁaigs fé}a\mb%ﬁ§ gliagram of a

system f or produm ng the gr and " 30 surfac April 2005
WD 02/ 3742 %alpgr] aggeon@gsesommmm&m ;fh"ymcm pﬁ!ﬁmﬁdEatR%ﬁEBBED

EVMBODI MENTS ew The esent on js stem and
met hod for?® %{ﬂt‘lv@?{] 16t?1¥§ f&fnﬁé'ﬁ |S‘3r§3§acbi ﬁ’SFW}‘E‘i fre data sets
usi ng a 3DpeaRPink&sioR imms&_@ da% m&mez%aenéé&r&caw%'b%% &é@' s" or

vol une el enents. Each voxel is a sanple or point within a une. Each

voxel can BHxexpraawlitnde) with snaplitedeportospondingo thd anplitadeacd )eﬂmtte& sufic

waves at the specified (x, v, 2) location.

Any form of information that can be expressed in the voxet form (x, y, z,
datavalue) is suitable for use with the present invention, In addition to seismic data,
15 examples from the oil and gas industry include information from closely spaced well
logs, gravity and magnetic fields, remote sensing data, and sidescan sonar image data.
Other geologic or physical information could also include temperature, pressure,
saturation, reflectivity, acoustical impedance, and velocity.
Another application for the present invention is for mining. For example, the
20 present invention can be used to visualize and interpret geologic and geophysical data to
locate mining sites, to locate and track deposits to be mined, or to locate and track
geologic features such as faults that would affect mining operations. The present
invention also has application for clean up of toxic, hazardous, or other types of waste.
For example, the present invention can be used to visualize and interpret data
25 representing the geographic extent and distribution of the waste at a particular site. Such
visualization and interpretation is useful for prioritizing clean up at various sites, and for
developing 2 clean-up plan for a particular site.
The present invention can also be used with information outside of the oil and gas
industry. For example, the present invention can be used for analyzing and imaging in
30 the medical field, where the datavalue element of the voxel is obtained from a CAT
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y, z" identifies the 3D location of the point within tR&AWIIALS and
"dataval ue" is the value of some neasured or calculated attribute or
physi cal paranmeter at the specified point within the volune. For exanple,
a 3D volyyeafiad @ set suitable for use with the 10 prgsgidshdayention is 3D
seism c data. Each voxel in a 3D seismc data can be expressed as (x, vy,
z, anplitude), with anplitude corresponding to the anplitude of reflected
sound vV @gonutehilgl seﬁ%ﬁabgﬁbhwsca}merd alﬁﬁéfehQ?eso Yo e ihe formation
t hat can be expressed in the voxel form (X, y, z, at av ue sui tabl e
for use wi tproceduge. present i nvention. In addr tion to seismc data 15

exanples fromt e oi | gm dust | ncl ude i for m cl osely
spaced wel | | og¥? w&?ﬁf/?xtp %}?8%@ |Péert:rEmVF i’%ﬁ d%rta and

si descan sqpg@il beraﬁgemg@t)a.,emmfatdaeras %drpwrﬁmeaat@t&sm@to be Hh@4t8dd, on coul d

al so include tenperature, pressure, saturation, reflectivity, acoust i cal

i npedance, hawweuéhﬂédletp}'esemmtdmnlamﬂhmadrllnzmyf\my 10 the use eShseismivent i on is
for m ning. For exanpl e, the 20 present invention can be used to visualize
and inter pri geol ogi ¢ and geophysical data to |ocate mning sites, to
locate and t raCkh&ﬁ&eﬁlﬂ@nﬁdﬂlgﬁrﬁaﬂaﬂgmeﬁﬂ ad idudleAtiGh B8 dorift@pieting €01 0gi C

features .such as faults that woul d fect mning operations. The present
i nventi on dPseisiieglatip pis pisd bereim, th@‘rerml"'eanhmﬁwm'frefemto the corstraetivoofa or ot her

types of e vent n sed to
visual i ze%%’WE$W@&%%m§¥e e%‘rugggﬂ}yr“ﬁ% R ﬁeé’ 6&‘5%‘?@ WWent and
di st1g buti ?ﬂaﬁéteﬁs'ﬂﬁt Wafheesly pResBit il 3TV iake Sdtd Ris. Mbhyﬂéaffé@dufe%%t' on and
interpretation is useful for 'prioritizing clean up at various sites, and

for devel pppmefers agd mrfaliypmbtmnrentdronaccpﬁmﬂoadImanscpftpeocesshg 3} dadent

I nvention used.w ofthe oi | ..and S

i ndustry. Eegs,mg%g%%%gum Sneﬁrgtcsrgﬁ CEW%?#I?%POV@; 12 7l RPORBE © g‘ﬁ%l ygr ng and
i magi ng inmea@trettﬁsw@dbmtntddetodm ﬁofd&?fo@@ﬁ@l\/t@hiéﬁm%[r?%ﬂ vtgd the voxel
is obtained froma CAT -10 25 April 2005 WD 02/ 37422 USOQ 29835

(conput er i ﬂeer-@wpmon@bf@e@reapﬁwu@ﬁﬂh@rm@m aeqmgwemm ity i slifffiawle éo i magi ng

I\/RI ro ti on exa res i nvention
\(/vi [ 5t)elodegcrr | ndv%fagtnpn%@%%\% 3‘5‘a§%| eéma%t? ghg 3D vol une
data set. hientlalsuﬁage bﬁh&i@ﬂﬁh%@ﬁ@hmceﬁs&ﬁ enttlﬁ"ﬂk nliAEofRV&S PBisort NVeNtion is

not limted in any way to the use of 3 ersmc data. The present
i nventi on fhstrpadseor @alryaﬂsawq;@meuﬁwmb("w\)cmtrmﬂmﬁthaﬁtmm Throwghthe er preti ng

use of 3D computer graphics, users can visualize, and communicate and share, the same
3D image of 3D volume data sets. By visualizing 3D seismic data, a team of geologists,

20 geophysicists, and engineers can interpret the visualized data to make exploration and
production decisions, such as drilling locations and well paths.

To accomplish the visualization function, the present invention uses the computer
graphics techniques of texture mapping and volume rendering. By "texture map" is
meant wrapping or mapping a 2D picture or image onio a 2D or a 3D object. For

25 example, a photograph of a person can be texture mapped onto a coffee cup.

The term "volume rendering" or "volume imaging” refers to drawing a three-
dimensional object in 2 manner that conveys to a viewer the three-dimensional nature of
the object, even though the viewer may be looking at a two-dimensional display or
screen. Computer graphics technology makes use of coloring, lighting, and shading

30 techniques to convey to the mind of the viewer what is high or low, betrind or in front,

light or dark, etc. The perspective or viewpoiut can be changed so that the viewer can see
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3D seismc data. As used herein, the term "visualizati GaAREREPE to the
construction of a three-dinensional picture in the user's mnd of physical
or geol ogic features or physical 10 parameters that are inherently present
in 3D vebyasgat a sets. Such physical features or P&hAadsss are typically
not apparent trom conventional neans of processing 3D data sets, such as
scanning a series of cross-sections of the 3D volune data set, because of

the ment alallr §ésnst the 3D objetthaVoheedtni@ing al¢sicillya GRIude Q:fnﬁ’eﬁt}?feoéf a user to
mentally "picture” the three-dinensional feature. Because of this nental

r econst r uctifaBipareney/gracity (ppacyirt! -tignspareaeyaentiobtthat sertringests ef hadAg users the

sane 3D i 1= . al.l 2w Qf the terrain wll
not neces rsrg}? 1% FtyaE eorgfr%g%%{?nti &ﬁaf Rei&m n%gg}eq}g{}ér%/ee pﬂﬂeartggnout?rﬁ‘é‘?acfﬁe ds or

anal yzes a ahobjectiandniswadie adterfal 2iicturent our map of that terrain. Through the
use og 3D corrpu;rﬁr gr aphi cs, us%rs can visualize, and communi cate and

share? the same ' SPBSiHaEHM Sty %Wﬁﬁiﬁ‘&?ﬁ?ﬁw§é@%?ﬂabﬁsﬁ§wlmg¢ A9 3D seisnic
data, a {caghil B6YRYSh te GsOHOPRh e A0 ERMAELISIFAD o N T P el
t he visual. ze ata to nmake exploratio production decrsions, such as
drilling | dpabé"anprerdbieet | Agephited homaedstuiiBelosiitht Ranpling prdbiéspfithcon
function, the present invention uses the conputer graphics techniques of
texture maFFSHYLYFRoRBIVE RRCFEYRErPyHep ongpf whighis thatherasrtypicallyeeeated wr appi ng
or mappi ng 7 i I 308 25 exanpl e,
a phot ogr agﬁa ol?sgd g&el?&gggﬁg%hﬂ@g??gg@g}egaﬁggéﬁﬁ%&gagﬁél}agg%up_ The term
"vol W0re render i Agttunther 'of chmpling] prabésngih beetreatsd, tshambd avizal] aad thsvee -
~di mensional, .object .in a manner .that conveys to a viewer the

t hr ee- di meff&f Flty_r"éf&f‘rlge‘b‘f’l ﬁ’é Jeeldy volumednta s5b Ut iptpisectipR@Ee may be

| 0oki ng at san e pRibB R HRAHolHIFRi@Ye ﬁzﬁa seP R"1& e mid ldﬁtﬁ%lbegsru?fg €S
t echnol ogy nakes use of coloring, Iighting, and shadi ng techni ques to
convey to bhie sangding probéyer volemerenddnat witlsvanyigghdagrees eficandpatenaydwintiini n f r ont,
l'ight or dark, etc. The perspective or yiewpoint can be changed so that the
vi ewer can%?éﬁmplinf BRbepRS jUped hsEin, \is toBn JniemotivsCer &Eﬁéﬂ?@%? 18110 sj des of
the BD obj efngin¥e} {0RavifS A HaBGin P! |06k Yiss

t ransparency/ %%%/ci tgﬁ?opé;m tfgéjf%ys?!r)%ﬁidp%é?fe ;) coﬁ?@gﬁeét%ﬁatcertai n
parts of t teuSdperotiyeat inatastamepnsor teahtimp aliappd in tHelwagepyittolt @rdepgbla vi ewer to
"see throug outer_surfaces. of an _object and view its internal

struct ures! Q?}"’F pldEatice: iR R 0T ahlswst alout Bto 1y tames pensered i8nd anal ysi s
of very la ; : s U . i ng probe.",
al so refer ?ﬁmtégwh%@lg?ﬁﬁg&g% ﬁgd?g]gtea’? H%?%}g?%%g g@f ée&::a?@l.e’ %ﬁ ek%?ai ned

_i nnor e det siolvestiisd semplingyeroleasnoh asty "pliddrpsnd titahging” with a "mouse”, the user

20 perceives the texture on the surfaces of the sampling probe changing in "real-time" with

movement of the sampling probe. As the sampling probe changes shape, size, or location,
there is no user-perceivable delay or lag in imaging the texture, or, with varying degrees
of transparency, volume-rendered attributes. In this manner, the user can interactively
move the sampling probes through the whole 3D volume, and more easily and effectively

25 visualize and interpret the features and physical parameters that are present within the
geographic space represented by the whole 3D volume data set.

SYSTEM DESCRIPTION
The present invention may be implemented using hardware, sofiware or a
30 combination thereof, and may be implemented in a computer system or other processing

system. One embodiment of a software or program structure 100 for implementing the
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- present invention have numerous attributes, one of whi A ANIZABY they are
typically created as a 3D sub-volune of the whole 3D volune data set to be
visual i zed and anal yzed. 10 A nunber of sanpling probes can be created,
shaped, w3 B84y, @nd moved interactively by the user yithi whol e 3D

vol une dat aEset. The intersection of the sanpling pir‘\% /Eéo\?\ﬁz%s t he whol e 3D
vol unme data set is texture mapped onto the surfaces of the sanpling probe,

or volume rgadariafnibd i SRHMIRGIGCHT AP thcNasd bABRRALLYRK A 10U B an! NE

sanpling probe. As used herein, the term"inte "Interactivel y"
refers to Xperahegrybteny 162. Juitaltie eperatigg symtemuhfEnelnde; fos panple, hoUNEE® i nput at a

rate sufficiently fast that. t er percelves an, i nstgnt aneous or
ol i e et Miipes N Ao Rk Lo ron. 1yt BrerkEg, 1 n

practice, %gitéﬁi@_ﬁ@l@b%pﬁ&nt't@@n%tqfﬁmH:Iﬂléﬁletvgut%ﬁ. frames per second is
sufficient {o achieve interactive Imaging as described herein. For exanple,

as thé user noMesuehkewadowing softpare bed overlals operating SysteinclOR ngemnmhddr aggi ng”

wth a "nouse), .the user.2Q per,ceives, the texture on, the surfaces of the
Samml {ng BB 12 1s RS plie et Thca, HOMEdBHs HERg | | ng

probe. As tifxSras@mRbihE REORA tESRRPRST iFRRRRY instuétfons WehRBaidPwingt here is no
or

5 1
user-perceivable delay or lag in inmaging the texture, , W th varying
degrees ofsoftvarnd pheanipgladsy donexempledisrasoft Ainddavsii, 56 Window Bysterf¥nner, t he

user can interactiye move the, s i pr t hr ough .t | e 3D
vol ume, an reﬁ’ﬁ&é"degﬁeﬁ’ﬁ‘kaﬂg%f%kwa&ghﬁg? 9??&%@’@%%&%%%& et the
feat ypes angeRiWdHGAnRRsAIFRA 86BwirdPdundstRn BicSS A8 woMld bBteadily¥par&R09r aphi c
space represented by the whole 3D vol une data set. SYSTEM CRWII ON The

present i nyepnsiobskilhimybayeleyaspirb atbereetu and wigddvangivedimare codfl alsebaised. a 30

conbi nati on thenreof., and be. enented.in co ter em or ot her
processi ng sysf@%’?w %%s%ﬁﬁﬂvr SQGWWQW%B’E%PA@ cture 100
for inmpl empiiphid@libRE 1063s 20 apilicatlon 2RGPanYéIng Pt Tte AP T UB XIngB3S present
invention is shown in FIG 1. At the base of program structure 100 is an

oper ati ng ipphissn Hpfimatons pepfomnagdihy basic graphisedibenry I060aclde fondmmleor exanpl e,

th | X i St W nd f ft, Co tion,

or Cother  oRsPS R R RURA B GO Tk ot B ARGefint ] h e

rel evant  andode,Sviddmy aﬁ@%o%lﬂ@%m%%ﬁé@@i@ﬁﬁ%%d%ﬁ%ﬁg@ﬁdd@ﬂ%&ﬁcbng system
e op

102. Menu and wi ndow ng software 104 is Us rovide various nenus and
wi ndows t o réraaial, ialpka dlending diranstucaney wianthaliasipg,usetre mappingo apiwsphiericuser i nput

o o e ke S R B B
‘ buffer.

20 A particularly preferred basic graphics library 106 is OpenGL®, available from
Silicon Graphics, Inc. ("SGI"), Mountain View, California. The OpenGL®'API isa
multiplatform industry standard that is hardware, window, and operating system
independent. OpenGL® is designed to be callable from C, C++, FORTRAN, Ada and
Java programming languages. OpenGL® performs each of the functions listed above for

25 basic graphics library 106. Some commands in OpenGL® specify geometric objects to
- be drawn, and others control how the objects are handled. All elements of the OpenGL®

state, even the contents of the texture memory and the frame buffer, can be obtained by

a client application using OpenGL®. OpenGL® and the client application may operate

on the same or different machines becﬁuse OpenGL® is network transparent. OpenGL®

30 is described inmore detail in the OpenGL® Programming Guide (ISBN: 0-201-63274-8)
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(registered trademark of Massachusetts Institute of Te2AdEItdgPPS and

MOTI FTM 10 (regi stered trademark of QOpen Software Foundation Inc.). As

woul d be readily apparent to one of skill in the relevant art, other nenu
and w \WhAHsof tware could al so be used. A basic geaph) i brary 106
over | a;g"%rreguzand w ndowi ng software 104. Basic grapﬂ(lscs P@%ﬁgary 106 is an
application programm ng interface (APlI) for 3D conputer graphics. The

functions ped RIGRAGEY RAgkde MARDIZBN: 0B ALM2H08), HRCLHLS off xanpl e, 15
geonetric and raqs$er primtives, RgA or col%gr%?%dteﬂg%lrlr%g%,dg?ghpﬁéy list or

i medi at e vk are/ineerporgted heteimbyl edfermmpet r ansf or mat i ons, |ighting and shadi ng,
hi dden surface .tenopval, . al ph |.end] ransl ucency), anti-aliasing,
texture mapping, lmlﬂﬂ@ﬂigﬁapﬁéﬁ‘qi‘b&}’ @%f’%&?’g@ﬁ‘ﬁﬁ@l?mw Peyy 10pc¥bck and

- sel ecti on, sEh@RABh! RS ranP 6 RGE W 6 &rORn Ps%[@e . ggul arl'y
preferred basic graphics lImir)lilrary 106 is (rqoen%]_ r), ’a%%??gqéz?%&%%%m Silicon

Graphfcs, [viseal siandgion graphiotapphidation ¥ispal Gatuldtion piaphicsTibear08p@sidss APl is a
[ tiplatf N dith ' d . W ndow, .operatin

Cyst om 1 bt aRe vl el ephicg s s Ry b et G s

FORTRAN, Agkghtedath, tokfis) ahd q&{samzcgg TheRGHRYSSs riRSRE LI eLiRnE each of

the functions |isted above for basic graphics library 106. Sonme comrands
i n OpenGL( displgpdsts that epadeeandered oisf.ect s to be drawn, and others control how

t he objects are,handl.ed. I Lenents of th en ] ate, even the
contenjts ofS t he WW?@W&%?‘@W%%@W'ﬂ@OPS?H@C%%G;ég%%ggém’éi ned by a
clieny apphiibleForyFGIdin MRk N?iew,%ﬂ@nfa”ﬂﬁﬂ@%ﬁn&@uﬁ%ﬂ(sa?@ i cation

r

may operate on the same or different nachi nes because Ope i s network

t r anspar en©Oper§ye® @apkycs libsaryidiswssehawvé. iRiSRerfdmenincludestetpie HitBaties)

Programm n | A1 SBN:. 0-201- 63274-8)..- ril. 2005, 2/ 37422

PCT/ US00/ > SEBaE pbr R é‘ﬁ*&ﬁ‘_{"ﬁ"? EH&*F‘?%%W%%*M#*’E%@@- 1- 63276- 4),
the entirety of TiobddisQF IRIS Peftbeder AR HodRRAMEE AhedinbShaly kY, 4 Bler ence.
Visual sinulation graphics library 108 overlays basic dgraphics Iibrary 106.

Vi sual  si Haypldibrasy pepveding high spe¢st randering Bingtiona hasedbn GooSetsrand ieiaphics eal - ti e,

mul t iz proc d. 3D .5 vi | si atio raphi,cs | i cations. Visual
si mJFat i on_g%*rig?) O?ES% ﬁ?o%eslggé% &W“&g?%%%gﬁ{a&ﬁ@%m%%%w oget her
graphi cs. | kdwieyye ahpHid prigiMivedle.of, UaEb QR Jualfifiodfe ddttifMdol) The GEEHEE' 1 al S,
texture, and transparency. These functions track state and the creation of
di splay |i seniainsyaigeeragirstiiselfenliipointrsitedataarrays apd indexcartags. [Bpcqusedlithe ed vi sual
simul at | Onpl%nﬁﬂgé 2 d‘xéo%re? nd oiltﬁg same t}p@laﬁd Egvreftl?er dittie ‘attributes, rendering of

most databases is performed at maximum hardware speed. GeoStates provide graphics

20 state definitions (e.g., texture or material) for GeoSets.

Layered above libpr is [ibpf, a real-time visual simulation epvironment providing

a high-performance multi-process database rendering system that optimizes use of

multiprocessing hardware. The database utility library, libpfdu, provides functions for

defining both geometric and appeatance attributes of 3D objects, shares state and

25 materials, and generates triangle strips from independent polygonal input. The database

Iibrary libpfdb uses the facilities of libpfdu, libpf, and libpr to import database files in

a number of industry standard database formats. The libpfui is a user interface library

that provides building blocks for writing manipulation components for user interfaces (C

and C++ programming languages). Finally, the libpfutil is the utility library that provides

30 routines for implementing tasks such as MultiChannel Option support and graphical user
interface (GUI) tools.
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10 available fromSGE in Muntain View, California. |R28AH28P%er supports
the OpenA.(r) graphics library discussed above. IRI'S Perforner includes

two main libraries, |ibpf and libpr, and four associated libraries,
|'i bpf dugolghbRRbAb, 1ibpfui, and libpfutil. The basis éﬁ}goéﬁgggfor mer is the
performance rendering library libpr, a low |evel libfary providing high

speed rendering functions based on GeoSets and graphics 15 state control

~using CeoStates M%ﬁ%ﬁﬁ@ﬁgﬁaﬁ?g{gﬁg 1188 Peb fw‘aﬁ@@?@n Ocillﬂat group

sanme-type graphics primtives .g., triangles or ‘qua one data
obj ect. Theateo8dhe folowmingsteps imprepremgdonmsal-tire SDf visvahdipulpidnat ers t o dat a

arrays and i ndex arrays. ..B e.all the primtives in a GeoSet are of the
sanme type and have t%@?&#?ﬁ%ﬁes, rendering of nost databases is
perfornmed at mayi mum SaeyangmsReas: ALLSSIREOV icflfos ! gNi cs 20 state
definitions (e.g., texture or material) for oSets. Layered above libpr is

1ibpf? a real-time viwudibroséssing eanfiguraton; andspeeifjt hapdware dbdegas a
~hi gh-performance multi-process database rendering systemthat optim zes use
of rmultiprocessing h‘éng‘?ﬂar e. The database utility library, |ibpfdu,

provi des functigns f omitiad2fchbded eliPhdteBfRMMIdei C and appearance attributes
of 3D objects, shares state and 25 materials, and generates triangle strips

from i ndependent. pol yigbiglite framsuate anthest Hameatydend poliésbr ary | i bpf db uses the
facilities of |Libpfd |.i bpfr and {ibpr.to inport database files in a
number of indus%’ry stk;rﬁ%fﬁ’rc eaﬁrﬁisoéje 8’#‘1‘?&?&%%3 i¥Pfui is a user
intetg ace |ibragy ”‘@&at@ﬁ:@doﬂﬁ%n@d&kﬂl%idh%rﬁis%@uﬁﬂ writing manipul ation

conponents for user interfaces (C and C++ progranm ng | anguages). Finally,
the |ibpfutil i9nqeties applisationprogmbas credietta grapbicaldendedog ervironmas by or

i npl ementing tasks. su ) | ti Channel tion support and, graphi cal user
interface (GU )W%%J%sf’.%p?t%%f %%E%a%ﬁ‘&mg‘%%@@%ﬁ%%m@ﬁnbé’%ﬁﬂgb835 5 10 15
An application jpirQe Butiedhait $RGidEch PopRhdefePRim@nd OpenGL(r) APl typically
carry out the followi ng steps in preparing for real-tine 3D visual

simul ation:- 1. 1-ni t iGonipeie dymivgcsPupdatsrmaesiel matricegpeéei fy nunber of graphics

pi pe}ld nes, chogge t mul.t4 processing configuration, and specify hardware
m)deﬂas needeg;ﬁ qfelayun{llfhgne reramem%e,

9. Perform latency critical viewpoint updates;

10. Draw a frame,

A 3D sampling probe program 110 of the present inventions overlays visnal
20 simulation graphics library 108. Program 110 interacts with, and uses the functions
carried out by, each of visual simulation and graphics library 108, basic graphics library
106, menu and windowing software 104, and operating system 102 in a manner known
1o one of skill in the relevant art.
3D sampling probe program 110 of the present invention is preferably written in
25 an object oriented programming language to allow the creation and use of objects and
object functionality. A particularly preferred object oriented programming language is
Ct++. In carrying out the present invention, program 110 creates one or more probe
"objects". As noted above, the probe objects created and used by program 110 are also
referred to herein as sampling probes or probes. Program 110 manipulates the probe

30 objects so that they have the following attributes.
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3. Initialize chosen nultiprocessing node; 4. Initiali28And@80¥ate and set
frame-extend policy; 5. Create, configure, and open w ndows as required;
and - 6. Create and configure display channels as required. Once the

appl i c%bgg ﬂéz?gr am has created a graphical renderi Wéhbg%ggnt by

carrying il eps 1 through 6 above, then the applic ram
typically iterates through a main sinmulation | oop once per franme. 7.

Conput e dynam Cg J4R¢d |y, R Ly 2F I til .the next
frame time o PRPRtaEniCEs kbl Sl o voling S@le)apporiy 1)
frame. A 3DeSmaphibagt thatdddess fhantheaomplde dah sdt bopsleRenlD dlinapddone overl ays

visual 20 sinulat] gpgrgphi cs, library 108. Program 110 interacts with, and

uses the f tﬁ\rﬂff’l?etﬁ‘? : eé@ﬂ be(ﬁﬁ,ualé%ﬁwoé’ﬁeqﬂﬁwﬂﬁmﬁtﬁ dete sgird gr aphi cs
library 108q,nag} ¢ 30 oRIMeCHitd Dbt te ﬁf(ng onallly' bt ﬂféﬂgesgétqlg‘%ﬁitﬂgils%g{tt var e 104,

and operating system 102 in a rfanner known “to0 o he rel evant
art. 3D sawpticdapt phebibe pobgroampbids to subhelypicene difiey abisthatistesr ef er abl y

witten in_, 25 an opject ariented programm ng | anguage to allow the
creation a?:hfima?éo’@?g{?gjﬁéﬁtghﬁ%’f 59%5?9891%%@%rﬁ&r prampleaa A veluma| ar | y

preferred Q&E@&tof%iérﬁﬂhﬁﬂcB{E&Eﬁr{%xﬂ%&ﬁ@Wﬁ@%e?%by%}gg)eébﬂutgﬁéﬁi ng out the

present invention, program 110 creates one or ects". As
not ed -abov égigablies)pr odvee eflsiptac tAs2, 500 barel kilorokbterseckriphiqupagrofmpichO3@r e al so

referred to.herein as,sappli obes o bes. Program 110 mani pul ates
t he probe S%%’”Sﬁ?t% 3%%3?%%@?&@9@%? E‘égwgpqeg\m\ﬁ@h%fpﬁ WOMB - 15 25
Aprijg 2005 i IS0 _m%q?er ponds to a sub-vol une
of a }%rgers%%lsgétﬁzn%?‘%gaagé cul géﬁiﬁﬁgb@?gﬁe e idﬁtg's a sub-set that is |ess

t hant he conpl etBy wdngpretes that we retisvdlune of tBflarget Ibreoldmt. gha@iantitydf pr obe coul d

be configured,.,to be . equal to or coextensi with the conplete data set of
voxel s ford%l%?w r?fﬁ‘fsﬁ‘? re- ﬁ‘é’?cg iogﬁ%ﬂm%pl 2llY esent

[ nvent| on ieBubSStheRf iofch@bl BsplAS Bhich i OLLLOPRN A O The SUD- VO! UMTE

and defines a sub-set that_ is less than the complete a set of voxels for
a 3D vol uneoluae of sdree-dinensiora wpbeds papaiioned ke thidgpbweswt'cwk" sthsmi ¢ dat a

or cof - daERenSo B e e GG SRR s 5T yBreal 3D
data set is proportional to the third power or "cube"” of its size. Therefore, the quantity
of data in a sub-volume of a larger 3D volume will be proportional to the "cubed root"
V) of the quantity of data in the larger 3D volume. As such, the quantity of data in a
probe of the present invention will be proportional to the "cubed root” () of the quantity
20 of data in the 3D volume of which it is a sub-volume. By only having to process the sub-
set of data that relates to the sub-volume of the probe, the present invention can re-draw
an image in response to user input at a rate sufficiently fast that the user perceives an
instantaneous or real-time change in the image, vﬁthout perceptible delay or lag.
The probes of the present invention can be interactively changed in shape and/or
25 size, and interactively moved within the larger 3D volume, The outside geometry or
surfaces of a probe can be interactively drawn opaque or texture mapped while the probe
is being changed in shape and/or size or while the probe is being moved. The probe can
be drawn or volume rendered with varying degrees of transparency while the probe is
being changed in shape and/or size or moved, thereby revealing the internal structures or
30 features of the probe.

-16 -




seism c data contains about 8 GB of data. A probe of tRé4Amdg60: invention
for a 500 MB 10 seismc data set would preferably contain about 10-20 MB
of data. By using probes that are a sub-volume of the |arger 3D vol une, the

quantit ta that nust be processed and re-dra frame of an
I mage i'él()&?%ﬁgfi cally reduced, thereby increasing \t,\ﬁ(é%@%)glg%ggv]\n th which the
I mge can be re-drawn. The volunme of a three-di nensional cube is

propor t i onafhet3n) tRgHndl b WiRhe Bresent WRRNHAN cdnRavd 2nf | ARRS iRRAmE! t he
t hr ee-di mansieonal Jﬁg%bgﬂrl_-i kew se'e,9 e?er_ﬁle qu%nt Ity ofV da as’ﬁ?ﬂfel’ a 3D \gol une data
set is propentangblanshapes having ot or choponeht angles'aodibai-reothnguias sispeschaviiger ef or e,

the ‘quantity . of data,i b- f 3D vol ill b
or opor 1 ond B PR T TR ke 3o 5T o et R PR P SRoRLe 't e
larger 3D \eipdfBeulfiplanbiCad onteh SurbadTé.b L ¥ubies M@cf&ﬂgl%)pﬁ%ﬁpﬁlaﬁéséshe present

invention wil'l be proportional to the "cubed root' e quantity 20 of
data Pn t heugDswiceme so Papislogiany), drsuryed aifensurfaces (c.By spberks; oMasiong t o

process the - t of ta that | at s ,1.0 the sub-val une of .the probe,
the pr ese_ntc_y%@?ﬂ A’feé%{%"sfé%’?‘éwé gﬂﬁ?‘ﬁgaés P&?Bﬁﬂ%g%l’m%#“i nput at a
rate suffi ghe! ke iMpﬁb@ﬁrobé%@f&@ﬁiesdﬂﬁh%ﬁ&@&n%&vedxﬁﬁ&@@ﬁa@éb?%ﬁ or
real-tinme change in the inage, wthout perceptible delay or Iag. The probes

of the pregetheshapgefngcolagic atuseideniified bica isve| Kor exrmmie ds 4 ysehaysethand/ or 25

si ze, and i,pt Y ved W thin the. | arger 3D vol . The.,out si de
geometry or B S?f??ﬁ]&a%%f?’%’ih’”‘g@gﬁo% 0? e%%e’lsﬁ’fce‘?d tai%%lf)?cg‘?%m@ﬁgaue or

text woe nmappasizelbdeidedigicd b ER usirs The 8D GafiplRBGesheican SHRRSacAREY R Si ze or
while the probe is being noved. The probe can be drawn or vol une rendered

with varyi réepedby e ysepto matehnibpshapmefihageplogic feagurp thesebyienablingthagseshanged i n
shape and/ ' . the l,in he internal structures or
"30° f eat ur CePREf Pk %ér%éo ?.gﬁqefﬁe%ﬂgi%fi‘.ﬁﬁ%%%&ﬁ%m 37422 PCT/ US00/ 29835 The
3D sanpling prohgsckeical beufdes aittintb Byd@hd: pfbe,GaAd tHRivRrsadiion ShaRewo | Ncl udi ng
rectangul ar shapes having one or nore right angles and non-rectangul ar

shapes haviPkges ¢48 be imgaged. oh grobe canTheasaiio Sighfight defa praseardanes withasesd esent
i i J h | v cul | t f
(o o g SRRl A RER ey Mg PP Chafel Rl AR ocButte iUl (e

par al | el 0ghags)de-selection kigodthal IBkseStifibResasill b8 efblainédih alofsdetAaloss. Of
cylinders). The &[ﬁesent invention is not |imted to 3D sanpling probes of
any particul ar Fih3geowsphlockgiagampf onggmbpediment of¥D sampling peksprogramyent i on can

nave bt g oo il B oA, S0h SRkl BBASe L CorLl T,
vol ume of $&jdsiI(GPNRL20, aad JVOhEEISambRal Mo@IOBISNIE230. A 3D volume data
20 set is illustrated as data volume 240, also referred to herein as a 3D volume. UIM 210
and GPM 220 communicate via a bi-directional pathway 212. GPM 220 sends
instructions and requests for data.to VSM 230 via pathway 222, UIM 210 sends
instructions and requests to VSM 230 via pathway 214. UIM 210 interacts with data
volume 240 through pathway 216.
25 . Voxel data from data volume 240 is transferred to VSM 230 via data pathway
234. VSM 230 transfers data to GPM 220 via data pathway 232. Data volume 240 stores

the 3D volume data sef in a manner well known to one of skill in the relevant art. For

3

example, the format for data volume 240 can consist of two parts, a volume header
followed by the body of data that is as long as the size of the data set. The volume header
30 typically contains information, in a prescribed sequence, such as the file path (location)

of the data set, size, dimensions in the X, y, and z directions, annotations for the %, y, and
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10 visualized and identified by the user. The 3D sanpl i2AgAmt@Bes can be

I nteractively re- shaped by the user to match the shape of the geol ogic
feature, thereby enabling the user to better visualize and define the
extent of th geol ogic feature. A probe can be used_ to cut into another
pr obe, ‘&ﬂ&g‘?ﬁ& intersection of the two probes can b%&%ﬂfé’&?’sA" probe can
be used to highlight data in accordance with a seed 15 selection

al gorithm robe, can.al.s e.used 4,0,"erase".or.del ete da I n accordance
i O coe o RS RAa R RRB AR T e SRFe AT SRrSREBukd) o meu
nore det ai Ion@@mebyt&lIﬁr&t@mﬂlacmwd@é@iﬁmnw@{ﬁmﬁﬁﬂq%wt of 3D
sanpl i ng probe program 110. Program 110 i ncludes a er Interface Mdul e

(UM 210, bstedp ajoe gk selume docationd(® & ptM).0p20he spaendabwoisutte Sanpl i ng

200, ol So_ PRPE s SoiRe R BR ] Fie bt B B By RaRoE

comufii cat €2,0,00 eR. Whedithieacdimensidn ipathhiweyt, Bdrthe Galhéhddn GAEEment&Bt r uct i ons
and requests _for data _to VSM 230 vi a pat hway 222. U M 210 sends
i nst ruct i oRad Beadly theq dmensionds ipespmentest. \Ahg prrsers inygntipnds notfimitedin 2pyit er act s

with data M‘%!ﬁc H2da "%Mm?e.?'ﬁ 25 Voxel data from data vol une
240 i s trar‘l?&s‘ll1 (k-érr ;ﬁgﬂ%ﬁgg@ Vi apddata pa’?hway 234. VSM 230 transfers
dat at o GPM 220 ViadakepatNModye 2R2hanflas theupérifrfadtOo St@ive somhdagds3D vol une
data set in a manner_well known to one of skill in_the relevant art. For

exanpl e, t HSiMdionh Aod Bputdiatadopohe st ehhintesfaess stith dhe ysihioneh &, a vol une
head f : L,Ss . y ft he dat
o e varaEoh it B it Bl el Mo bicS or RO Sl BHEE T bed -

set. The v I'cal Ty contal ns rma a prescribed
sequence, duaighiieybold séledtion peathdough one atrharayser-alanipbiated Blpat dodites, Sickz e,
dimensions in the x, y, and z directions, annotations for the x, y, and -17
25 April 285 "NeRSsDy) 973D Inintingsories o8 210 regsives userriapit £6 ithuser or  t he

dat aval ue, ’“ﬁ“? i ' bytes,. one or
nore bytes pe u%{ag?gm\?‘%aﬁ%e,qkfha B%Gé%Z%% ggggaégﬁgﬁﬁﬂﬁ‘gp&fgﬁ ow ng manner. The
first byte is Thepritkatvfiattions @triedohibyd IMII®twill how ke dascribel (IMOI®) . The
second byte is the datavalue. at vaglunme | ocation the third byte is

1,0,0
the #ht avalipstsfiomBe v the genlficationpt ope of mpre 3Btve1.um(aﬁétﬁ S@t%@egzesamﬁ%nsi onis

exhaust ed, ' ' kS n ﬁﬂﬁii ' z

di nensi on P%E?%Eélgﬁn%%‘%@w gﬁ%%@&?@h@%&%h%ﬁa?s ng{dﬂa?d%k%{lg@g:san any way
to a parti emlused, thatdatabainat edch of thaphralio}l ofdata2vblumddsepresknts & diffeeet Modul e 210
handl es the user interface_to re&ei ve commands, instructions, and input

dat a from Phsicglapametgror otiriputefprie sampegeqpraphie prace; SBY Waneloughpls, 2

plurality of data volumes could include a geology volume, a temperature volume, and a

~

20 water-saturation volume. The voxels in the geology volume can be expressed in the form
(x, ¥, z, seismic amplifude). The voxels in the temperature volume can be expressed in
the form (x, y, z, °C).

The voxels in the water-saturation volume can be expressed in the form (3{, Y, Z,
Yesaturation). The physical or geographic space defined by the voxels in each of these

25 volumes is the same. However, for any specific spatial location (x; o, 2,), the seismic
amplitude would be contained in the geology volume, the temperature in the temperature
volume, and the water~saturation in the water-saturation volume,

UIM 210 inputs from the user information to create one or more 3D sampling
probes. Such information includes size, shape, and initial location of the probe. Such

30 information can also include imaging attributes such as color, lighting, shading, and

| fransparency (or opacily). By adjusting opacity as a function of datavalue, certain
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10 variety of menus through which the user can sel ect ZaAmig08hti ons and
settings, either through keyboard selection or through one or nore
user-nani pul ated input devices, such as a nouse or a 3D pointing

devi ce. Ul recei ves user input as the user he |nput

devi ce YVU %30@%20 size, shape, etc. a 3D sanpling prob W&’g%?él mary™
functions carried out by UMZ210 will now be descrlbed UM210 15 inputs

fromthe u a sets
(represent zjglrm%py da?gn%(}; %98309{&%“(% g| ng g@% %oyssef’s. When a
plurality drost@tsarfyes. mmn@raeyme@;cmwamwhuﬁmmg esdiy @firvk he
plurality of data volunes represents a different physical paraneter or

attribute B89 illustetes gpqoity Colrspaseneyss afenctign ofidatavalye. é’s&aﬁ’?ﬁldé?e readilpl ural ity of

data volu and a 20
wat er - sat H‘rigqalg%ﬁ%\%on gl&ﬁeld(iijﬁjI}{‘%Iaxgoxe ﬁ'&k}H e‘%fié 93 v%tﬁagléﬁaa% gﬁ?ﬂkﬂgeexpressed
i nt he5 f or mmagi theyimaging o tisptny oﬂ@éualuﬁd eﬂth laih& opmxgl (nordtrdri3paréRpper at ur e

vol ume can be exi)ressed in_ the form(Xx, . .JThe voxels in the

wat er - sat ulCQBYeS!Y rtardEeEH lelﬁ%"!@%ﬁ'raéé gafes WHQ@NFYGI”HW@H the imgging
Osaturatio I d by the voxels in
each of t hg?scéxsﬁ@? VO ﬁdr%‘gegl“flﬂsl %ﬁ?%ﬁp%ﬁ%ﬁn any specific spati al
| ocation (xo, yﬁIMmo rectiies inmit Swincthangat fdruﬂmg\amkhipﬂngthecﬂm sintpiidgi n t he
geol ogy vol upe, t he tenperature volupe, and the

the t erature |
Wt er - Sat UPKPFHASitescrife] anes deail Belaws i9rh OB LCmOdReR] of Ihﬁpws@tf rom t he
useryqd nf or Sze?ﬂ? L
|nfordmatlo%%@h%ggsgs@gﬁeg%ﬂﬁ&agéwgﬁé |n|t I }Joé;gl't{lfl JrS] of t e probe Such
30 i nf or mabn dire prabe, ahémalunglohaj:ges natjmeniymatstms bfithesprehecins as ceah@e, |1 ghting,

shadi ng, and tran ency (or,opacity). By adjusting opacity as a function
of dat aval ec“@’éﬁ'%m@ 10Gcetves I&BI“ 032%‘95”9\%@‘2‘7%@2 loegsiop 9 835 _
portions ofpt I e angpaLeRt gt I ng a vi ewer
to see th?ou%%{pgﬁé??égsﬁ nﬂ{eex%ér%%gl}lél@oggc??y thflvelgl&’cr glg%lng a!s own in FIG

3. Opaci tynﬁmpul&tesﬁﬂxﬁusjeltd'lmﬁtk“ah’aasmebf&eﬁrbbémmspaﬂbmhmﬁﬁmasf unction of
dat aval ue. woul d be readily,  apparent to qne skilled | n the art,

dat alAl ues%mwssﬁ%am thsarelper ropigleats ther aeagaplie #ags defined b8 thedata t he i magi ng
or displayyQ gm datavalues with |lower opacity (nore transparency).

Conver sel y, taval ues will |ess opacity and greater transparency wl |
permt the i magiuig 21®fecaives pripayfiaf tidakatatagyounfanto picként’ processascilty and | ower
transparency. U M 210 receiyes input f omth for Si zi ng and shapi ng
the 3D san®h AWg Pigkingprgces BRIpts f¥eKe(sh *&"@ét 9d FOR MBEIEHIR pr ef er r ed

embodi ment al%&ntbﬁ? ltf)e[;ﬁ‘&&?éd embodiment, the selection algorithm is based upon a seed point
20 within the 3D data volume. The selection algorithm then selects data points that: (i)

satisfy the selection criteria or algorithm (e.g., have a datavalue within a specified filter
range); and (ii) have a connectivity with or are connected to the sced point. Through
UTM 210, the user is prompted to identify a seed point within the 3D volume, and to
identify a filter range of datavalues used by the selection algorithm to "pick” the selected
25 points. Preferably, the seed point is within one of the 3D sampling probes.
UM 210 also receives input from the user regarding the content of the displayed
image. For example, the user can preferably select the content of the displayed image.
The content of the displayed image could include only the 3D sampling probe, i.e., its
infersection with the 3D volume. Additionally, the 3D sampling probe could be
30 displayed either with or without 2 bounding box that defines the outer geometry of the
probe. Alternatively, the displayed image could include the 3D sampling probe, as well

~-19-




10 invention, the user changes the shape and/or size oR25mdBEBY clicking
onto "sizing tabs" on the probe, and neki ng changes in the dinensions of
the probe in one or nore directions. U M 210 receives input fromthe user
to nove ?: ition or location of a 3Dsarrp|rngpg§§ n the data
vol une. Eﬁl%ﬁngeferred enbodi nent, a user mani pul atlg Sﬂ%ésgge to "click"
onto a surface of the probe to be noved, and then noves 15 the nouse to
nove t he pr, r ) f t gta vol une.
UM 210 recg?%e%%ﬁ%u ‘#ﬁlegm %R&ﬁ%%{éﬁgdgga@raﬁ(?%e& %8})%1? dzllgntga‘ processes.

I'n an aut @cgupizk theGDpvobaesasidbaif thef3D) atplify/ Rued(s beiag displayedct ed based upon a
selection algorithm In_a preferred enbodi nent, the selection algorithmis

based upon a se&?l CHEY A Gie fppgdine, uopions I 240 vendserednesiotos ¥plsmei on

I th
i T S Mt (R T
rangej; andimy 2])0 dmmnmmaﬁmme:ammy 232 with Graphica Pecessing ddddalé 220 thdte seed

poi nt. Through UI gﬁ <{1e user is pronpted to identify a seed point
Wit hi n t he 4B E}Wéhsl’ d¢2edentify a filter range of dataval ues used by

t he selection a ag%ﬁ G EM]% rably, the
seed point is vmJf ne &#onP%aﬁj&gBH\%npl | %?@?6‘8‘%39% Wl fszg recei ves

i nput frorrprdaesswsscktta foe gaagilignaf 3Th eanyming @adbeo fvith e @Widgiplighviag] shadimge. For
exanpl e, the user can ef er, ny el ect the c nt e di spl ayed i mage.
The cont en{@RPAERY> BN REH ‘?tﬁsa'ijgctégglﬁmﬂﬁirr %ﬁ%‘?b% M:?ez 031525 %Rpi i ng

pr ob . I g the 3D
sarrpﬁ) ng pfu%iéér%guhgbgé&ggé %G}@g}hﬁgelt Og\r.‘\in'lﬂ??ﬁgarl W tiﬁiggt ound| ng box
t hat defi nﬁhraryrdeeﬂcﬂbedgsbomtThyumfcanrselectm)mlu@UIMﬂw)mmmspI@r only thke di spl ayed
I 'mage coul d incl ude t he r obe, 19. 25 April 2005 WO
051 97455 Pe9 Oipbl b eE DRB AR e aen 6@&%\,\&6@%’@%@%‘%&% Xz, yz,
‘and xy pl aeeémacfsgra?%g RndHedD sduliftng pREGLRI R of 8 3B QIR ofifa8! e Of t he
3D sanpling prob el ng displa o carry ouf t oregoli ng functions,
UM 210 senﬂﬂmqarcrbes;uestroxets WktﬁmrﬂE 3IBaolpine gt N’bduﬂ mte%ﬁt dng df daed3for attach

t hose. 3D vol u ets | ed th U M 210 communi cat es
vi a pat hwa @gm FF té{ﬂheﬁ’g Iﬁ‘ By W e%%“’cr?l gEsnl3veds out the
di spl ay and..i 0egidd herdinGis B4 unctions carded out by GPM 220 wi |l now
be descri bgré @&gz%rx progg%}‘b{iata for imagi ng of 3D sanpling probes

with the |ight iG@dﬁﬂ@nbb@g@smdmah@wmdmyemqubsist}maareaaceiwédhﬁm sel ect ed by

the _ user ; Ii)o gc?m e user. %ﬁ%&)ﬂ &lrg\%s? the re-shaped 3D sampling probe in accordance with

the user-selected attributes (color, lighting, shading, transparency, etc.). As the user

20 inputs a change in shape for a 3D sampling probe, the image with selected atiributes is
re-drawn sufficiently fast to be perceived as real-time by the user. Similarly, GPM 220
draws the 3D sampling probe in the new position or location in accordance with the user-
selected attributes (color, lighting, shading, transparency, etc.). As the user moves the
3D sampling probe through the 3D volume, the image of the 3D sampling probe with

25 selected atfributes is re-drawn sufficiently fast to be perceived as real-time by the user.

GPM 220 processes "auto picking" requests that are received by UIM 210, GPM
220 will image selected points within the 3D volume in accordance with the selection
algorithm. Alternatively, GPM 220 will "erase" selected poinis within the 3D volume
in accordance with the selection algorithm.

30 To carry out the foregoing functions, GPM 220 communicates via pathway 212
with UIM 210 so that the information requested by the user is imaged or displayed with
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10 functions avail able through basic graphics library 206\mi@00} sual

sinmul ation graphics library 108 descri bed above. The user can sel ect
(through UM 210) to display only the one or nore 3D sanpling probes that
have b reated. Alternatively, the user can sele | spl ay one or
nor e 3E@@£ﬁgﬁ?hg probes, as well as the 3D data vo|uﬁ%”@§W%P%£ of the
probes, i.e. voxels within the 3D volune that do not intersect any of the

3D 15 Sanpld\gicse@ R da iGN 220 Shiats o $Rbay S AR BAIRbiAG gg gbes that are

bei ng displayed are referred to herein as "active probes”. 220

processes ttmElinge-datrapques véayeithway 222 ldabeSanpding ModuleEs8My23D.by UM 210
fromthe user. M220 draws t -shaped 3D sanpling probe in accordance
with the user- @H?aéﬂf'ﬁ't:?‘?q%ﬁ‘t’é@ﬁ@@l%ﬁf@‘:‘f%ﬁf‘?ﬂ‘i@?“ é@n 2 anspar ency,

etc. ). AS GLHRmEIIN atdlt RS GEMAENIEM 0%&@@&%@%@2;‘%}%@?@9'@%‘pr0b91 the

Il mage with selected attributes 1s re-drawn suf ast to be
perce} ved 220 viegathivay@2d WM 23Liedacts Sieméduired gata ElldaR0olutiea49 anthe 3D

i be ip t iti | jon in. ith th -
el oot og AEERBLPELAE oY AP iR fveR 28 hERor PR AR ARG VM) | s The
user noves 28§aso BEivR ERrlABnPHORLTRIVI0YHhaltRRy 3B MAbMIR atthdh8hd sge of the

3D sanpli ng probe with 25 selected attributes is re-drawn sufficiently fast
to be per cédptpzefumss identified byrthepysert he user. GPM 220 processes "aut o pi cking"

requests that e received.hy, UM210. GPM. .220 wil]l i . se] ected points
W thin the 3D vOREHE TP BEGy harier Aren L et e opgaet M

Al tefmati veahMembaty 2elprddehd invédiias & shoRh.C Al Rt %Pbﬁhﬁiﬂ?z&ﬁ%h%r&c@% i$D vol une
in accordance with the selection algorithm 30 To carry out the foregoing
functi ons, si@™ie2ecp diAninsiepdB@sthe veer pretifiosthe oredr mora datdiion@s @4 t hat t he

I nf ti db | S | d di d with -20 25 il
2005 VIO 021 HFISS: ik resetion 3033 e dahsef BeveedeL et AB AL BaBARIRD ot ai ns
the needed(Q@és&iﬁﬁoﬁmﬂ@}&ra&‘@‘sni-iﬁ’@lezfﬂpc&%;ing?_&ﬂ%@@re@er@%ﬁ@nﬁﬁﬂ%ﬁﬁ%e vi a pat hway
222 to Vol ume Sanpling Module (VSM 230. The primary function of VSM 230 is

t o extract desesbedpin mops detaildbelin)a Af defavit 3R sampling proke B4Gakd, anfidravequest of GPM
220. ,VSM 2 ' ts f ta f GPM ., ' t 222.
VoM B0 exapediant {8 R Bbe i h sttt Dot operiee 8 vElheRS et or ot he
data to GPMuRrfy diandahabed ThopRYenLBderlioh isHoP ARSI tegnﬁg&ﬁ@lhﬁ@izabr VSM 230

al so receives instructions fromU M 210 via pathway 214 to |load or attach
the 3D dashepeBi thewlsfapli eRtshhipling pgbet he user. Turning nowto FIG 4, a flow

di agram 400 il ]!3"3? ;[arzrty(al 81?1 eggnf))lg 59 ﬁ%r%?én?ﬁ@énﬁ%ﬁ the defauit 3D sampling probe can

be a square (having equal dimensions in the x, y, and z directions). To draw the square
20 default 3D sampling probe, the bounding geometry is first drawn with one edge of the
bounding geometry located on the z axis. Data is then exiracted from data volume 240
by VSM 230 o draw the image of the intersection of the square default 3D sampling
probe with the 3D volume (data volume 240), Particularly, data is extracted that
corresponds to the intersection of the square default 3D sampling probe with the 3D
25 volume in the xz, yz, and xy planes. This data is then sent by VSM 230 to GPM 220 so
that it can be texture mapped onto the planes of the bounding box to provide an image

of the square default 3D sampling probe.
In one embodiment of the present invention, the data that occupies the
background xz, yz, and xy planes themselves, as well as the data that occupies the 3D
30 volume outside of the defaunlt 3D sampling probe, are also imaged or displayed (in
addition to the default 3D sampling probe) during start up step 402. Alternatively, start
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10 i npl enenting the present invention is shown. A star t25ujprdi2005
initialization process is shown in a step 402. In step 402, the user
specifies the one or nore data volunes (240) to be used. The specified 3D
vol ume dat s are | oaded fromdisk into main nmenor a description of
har dvvarg%sog’??é%l e for carrying out the present inven’f’%l]a#‘\%z?s?s be described
in nore detail below). A default 3D sanpling probe is created, and drawn.
15 The def qul | i ' sub-vol u f the ecified 3D

vol une( sy op e BATRPaa B3R l fe BuPHe oLl T ook eR R B G 8 o
limted to;@rp;anp@bfﬂﬁuhtalthasbdcepiwthemaﬂmégﬁmﬂbefﬁeﬁauﬁltsﬁ&mmpl i ng probe.
By way of exanple of the present_invention, the default 3D sa I ng- probe
can be a J¥Rbsrisngtidisplayrd asipaged. direferably dhepresentinvention iy cardgfpupsodhatect i ons) .
To draw th : ﬁﬁgél " di n eonetry is
first dr am%@g%{%rmg%eé&g‘é%g&%#% %%Qbécﬁ) n rﬁg%@@@%ﬁ%%&?@%@ﬂgﬁe z axis.
Data §s them, = ky pluhexlad weims datdataviol ugtapiddBe 3DWwoMEV 03B bothd k@ivet he i mage

of the intersection of the square default 3D sanpling probe with the 3D
vol une (dat®#b$bl ume 240). Particularly, data is extracted that corresponds

to the intersect] t ﬁ%e( pﬂggi ] the 3D 25
vol une in the x?%ﬁ’%‘é’%@ﬁﬁﬁe .B%@dgﬁ% | ttoﬁl%ﬂ%ggtﬁe%ﬂﬁg@SM 230 to
GPM 220 so istedeisted itrowgrhn uire inpevdevicesulaiyforhso with a tdapupdr andsligfbut it boundi ng
box to pI‘O\{,i de an the sguare default 3D sanpling probe. In one

| mage, of
enbodi nent W‘e@%a%%g%ﬁtmquﬁﬁ@ﬁﬁchﬁmf » Tglarbell yoller noEdapPBE tymedt packgr ound

Xz, , and..: I t les the 3D
30 vg une gﬁﬁ%ﬁ%@)@%ﬁ@%@éﬁe@%ﬁ%ﬁ ngmp&f&%@%@% rgg‘%l%%ged or

di spl ayed (ther simitlartdecioe fhet chibdesdiefwaerits "cHEk "sarmpaiticglapdigierd gt pgd st art  up
step 402. Alternatively, start -21 25 April 2005 WO 02/37422 PCT/ US00/ 29835
up step 402dragihydisplayed imaeciaenather logation: [Suchmypsar ippdevdecalioras Uiche

backgr ound nd. % ' 3D vol ume
out 51 de.of L e 12 Pftes B BB, Shol ek o ek 0B AR el e

Pr ef er abl y activae diopdent memspmid wrselest thawirions optidns Sor thbablor, tshelingser can

sel ectively displ not display, the data that_ occupies the background

ay, or :
xz, Byz, HEngy &Biléli%%’?re%@ Heriopicgs A evheatdacannalso be Mg ©5 RKEN8D vol une
out si de of iﬁf&%aagﬁ}eyagn%&rtggﬁ%&mh%u&ggp 404, U M210 is waiting to respond
t. er I nput

to user input or reque I's received through a user input
devi ce suit abl eRéfateneesematal HoGrefopngrutlly td aplutatitynd’ fimetiomsabat chh beted to, a
keyboard, nouse, jboihst ick, .tr ackbﬂ]l , .roller bau |, roller_point, or other
type of carried out by the present invention. These functions can be carried out individually or
simultaneously, depending upon input from the user, For example, a probe can be moved
20 ~ (function 430) and rotated (function 450) simultaneously. While the functions identified

by reference numeral 406 are being carried out, the image of the 3D sampling probes is

et

being re-drawn sufficiently fast to-be perceived as real-time by the user. Each of the
functions identified by reference numeral 406 will now be described.
If a user wants to change the default probe, then function 410 is carried out. The
25 steps for carrying out function 410 are shown in FIG. 5 by way of flow diagram
connector SA, Inastep 502, the changes to the default probe are input by UIM 210 from
the user. For example, the changes to the default probe can be to the shape or size, the
location, or the attributes such as color, shading, lighting, and transparency.
In a step 504, UIM 210 sends a request to GPM 220 to draw the changed default
30 probe. In a step 506, GPM 220 requests data for the changed defauit probe from VSM
230. In making this request, GPM 220 would invoke function 430 if it was necessary to
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10 suitable pointing device, etc. Preferably, the user 25dputl 288%i ce
conprises a nouse or other simlar device that enables the user to "click"
on a particular displayed imnage, and "drag" that displayed inmge to

anot herwlhQgaihpPn. Such a user input device allows a sophsksdove and
re-shape displayed probes. Such a user input device also allows. a user to
activate drop-down nenus, and to select the various options for the col or,

~ shadi ng, 1§dvék QLA AR filntRdISA0 FEGHarR tHeldefa it fBbe, AndRNARAS 450cAN al so be
used for entering information relating to the selected attri butes.

Ref er ence Hbfhioreirte figgicfalt proge. gléw doregding festignysvillba Feseyibedfin horesleiadns t hat can
be carri eg out by the present invention. These functions can be carried
out i ndivi f}éﬂ"r y or sinultaneously, depending upon input fromthe user.

For exanpl e, aprRh@tLHs AR beerRcked Grohf danclohom 2488y vaMI2300taéspense f unct i on
450) sinmultaneously. Wile the functions identified by reference nuneral

406 ate beiaige eanest wadeditGPM R0 ingigp E06wilkdepend pperpatisibriedthprbepeteens  bei ng

re-drawn syf.ficiently fas . Y -1 ser. Each
of the fu %?ﬁt%n ?t'hgeuﬁfﬁ‘ f%fe a%lr ? éetggeé]scsegﬁtg%g 3@ %%?Egi%l ﬁ“{h &%\%age

descri bed. dhthvatuey &€ bpatd tisen the deth anctel bEvSiafaoyill leird tdihenrthesct i on 410
is carried out. The 25 steps for carrying out function 410 are shown in

FIG 5 by whije efangedsipfaylt arpbeniecaisn akibe snlecBd opacky, ikvillgodgpossiblefEhanges to

t he def aul I re .} r e I . l e, the
changes to eﬁ’éa'ggfg%u laegtrﬂgE}éag%egnl&e%&%g‘)b%’hsg%g%edaﬁ&gﬁﬁgﬁ&?gg@&?ocati on, or
the @¢tri byirGBesdiolitsidsofihd dhbnges Bebliigobd will bt éxdgctediRAVEVI2B6. JaneRpy. I N a

step 504, U M 210 sends a request to GPM 220 to draw t he changed default
30 probe. P8 8TPM 29 morssseihasiatoerirecied sy SM 230 for thesurfases efitprhangedef aul t

230 vt 11 e g nd G bR R R iR a8 i ST, 2655 "
- nmove the def avbriaRe @k, thd dtiRiblie o1t bY thefusers Bapeirdctisg 6 digldutapkpbe, and

functions 450 or 460 to rotate the default grobe. The_ faoregoing functions
Wil be des¥ybobwen by thegwer tetlapge ofifhy ehangeridstayliprobeiean bawirawngaoe xt r act ed

fro ata I i S t de by GPM
220 1 st e SEde et i dumthantud B BESRRRSEe. e e ciepBREly B8 T, T he
user. |f th@sigpafiticwhspbd lafadt Beledsh®rdeyssédhe user are such that all

dat aval ues are opaque, then the data extracted by VSM 230 will be limted
to the surfacesAltgratively, iEHarraeity Wiingsselectsd bnibe vsearesishthgtsomgefthe| ect ed

opaci ty, | %t%é{ause% g%ﬁ‘@ﬁ? @g%%g{%t%é é%favalh&%r&l{isaggpfl{gﬁ% Exgﬁthie 8%k Gkl changed

default pro a correspondin
by VSM 230 will include the data corresponding to the entire volume of the changed

20 default probe. Because of the selected opacity and fransparency, it will be possible for the
user to see inside the changed default probe, so data corresponding to the entire volume
of the changed default probe will be extracted by VSM 230. In such a situation, GPM
220 processes the data extracted by VSM 230 in step 508, and draws the changed default
probe by volume rendering in accordance with the attributes selected by the user.

25 If a user wanits to create additional probes, then function 420 is carried cut. The
present invention is not limited to any particular number of active probes. The steps for
carrying out function 420 are shown in FIG. 6 by way of flow diagram connector 6A. In
a step 602, the shape, size, location, attributes, etc. for the additional probes are input by
UIM 219 from the user. In a step 604, UIM 210 sends a request to GPM 220 to draw the

30 additional probes.
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10 surfaces or outside ofthe changed default probe wi | 25p%prdx0pact ed by VSM
230. In a step 508, GPM 220 processes the data extracted by VSM 230 for
the surfaces of the changed default probe, and draws the changed default

pr obe (= e mapping onto the surfaces in accorw i t he
attribu gsolg‘}é‘ ected by the user. By extracting only e g{yg&g;hat’"“can be

seen by the user, the inmge of the changed default probe can be drawn nore
15 qui ckly beca;ﬁs,fﬁté?e@g iy Zﬂ?eg?% e tﬂé&@ﬂﬁ’ﬁ? ' ta
corresponding to t "1 nsi ?e" _ %Shetagﬁrange e gytrﬁﬂtesg?n&l;}eﬁgﬂ%ot
processed. It menmneasimiled ty that festribed alpare fdr yhameing iteglefask bmbé, dek daga thdte user are
such that sone of,the  dataval yes and so of the datavalues are
t ranspar ent?, exipepd %ﬁ‘é‘ 3&i)a?ra‘g’@<‘f°r%°c g‘{?eby%mésﬂ% dpand upenihe geecite dat a

cor r es pondigfgddbyitieudtiYot the adMddaBorstes, e Sﬂiﬁﬂﬂsﬁﬁ Qse%tfe@ﬂ%fheﬂ%&be- Because

e

of the selected Opacity and transparency, it wi e possi or the user
to sel i nsiateuthtbaieH dnigealued édrahe addifiowb probeseiraiatagues then the dataditragted o t he

T buen' s SRyt s kARG5S s Siised ol Bal pro Kt ARSBt Bm 550 1 o
step 508, apghidl s BBctE NEeferRE Al LidiHat: o VreWBERARE: sfaﬁ@@l%'e ng in

accordance wth the attributes selected by tthe user. 25 |f a user wants to
cr eat e addidataealueb ag ppasius andtshmp of thedatavalnes4®Granspaceat, then thedath extihied pr esent

invention is im.ted t ny particul ar_nunber of active probes. The
teps for URYRBLAINGY it e sbsbendits T B HIEE Folppes SR B of 11 ow
di agg@m co PRBEL B thiAnanhét, théa&ﬁtfoﬁalgﬂ%es {ll e 8RR BrorS A&y ﬂyq{iﬁfsnbjﬂﬁ%
attributes, etc. for the additional probes are input by UM 210 fromthe

user. | n atletqemitodf datd that 286t tegmatsssed.r equest to GPM 220 to draw the 30
addi tional probes. -2 5 rib. 2005 02/ 37422 1 835 In a step
606, GPM 220 rgﬁﬁé@g%ﬂit%ﬁﬁ#tmwaﬁ idgﬁa?mﬁ?tﬁfgg YRt Bs0. in o
manner Si MidfionkPpbbd! afiedakd 8 AGBOME ploBés mhRRGHAEe Wik wiehiRibuies Probe, the
data that 1s extracted from 3D or data volume 240 by VSM 230 w || depend

upon t he opeleitadypy theabeotithel by yextinemapping ohtorthd snefacsioli the aslddibngpwbess. 1f t he

opacj settin sel ect.ed by the user arg.such that all dataval ues for
ChaClai o1 o e deng tbat SoEan e MBI, Cea by VaM 230 wi ||

be limted to tiFg uSdiiaRS e meVe 4 R16bAEEA hinoital 4305008Rd oft. tBIRRp ! Y, 1f the
opacity settings selected by the uSer for the additional probes are such

that sone ofrryitgeut fnctionaB@ars shovn in BT i by wagofforediagrar bameciordalnes are

transparent,  t he data.extracted .by VSM i .| _include_the data
cor r eaponaP AP 2 He Seh H PRt ffeetobos et Bt AL G BB ELE 1 i
manner, t hgreRadl bhnBEEeRof MR Dr&af ilventthh 3e ustP ul WetlebModi¥olTbf thén Zi Ng

20 probe by clicking a mouse or other type of suitable user input device to snép a pointer

onto a surface of the probe to be moved. The user changes the location of the probe by
moving the mouse or other suitable user input device in any direction, thereby dragging
the probe along a frajectory.
In a step 704, UIM 210 sends a move request to GPM 220 to draw the probe at
25 the new location. GPM 220 requests data for the new location of the probe from VSM
| 230, In a manner similar o that described above, the data that is extracted from data
volume 240 by VSM 230 will depend upon the opacity selected by the user for the probe
being moved. If the opacity settings selected by the user are such that all datavalues for
the probe being moved are opaque, then the data extracted by VSM 230 will be limited
30 to the surfaces of the probe being moved. Alternatively, if the opacity settings selected
by the user for the probe being moved are such that some of the datavalues are opaque
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the quantity of data that nust be processed. In a step260®rilepRs 220
processes the data extracted by VSM 230 for the additional probes, and
draws the additional probes in accordance with the attributes selected by
the usegoefitder by texture mapping onto the surfac ddi ti onal
probes, fg or by volune rendering the entire vol uneeﬁcoﬁéstoﬂgﬁgésgditional
probes. If a user wants to nove a probe, then function 430 is carried out.
The Steps LRfsonfediid afavatibs frbBldpfon ith AbQaaRiMddby NS 20 Qi way of flow
di agram connector 7A. In a step 702,  the new |l ocation for the probe is

i nput by Ulnklugd tefdatarotréspondémgrto therntire vpluakof thedrartboni memed. dh thihe present
-invention, the er input he new | ocati.on of the. 20 probe. by, clicking a
nouse or oPﬁ'éQef@?)me? T Gh R Eséjrewﬁﬂﬁﬂfm%’{ﬁ%&%g%] dihter onto a
surface of gigeireRs MaPmb& vIPMRLsedThe user changes the location of the
probe by noving the nouse or other suitable user input device in any

di reciion, therlolaystegh788diRM 224 procesesthe dath extrpeted by YSHELWrfor the probe st ep 704,

UM 210 d tt PM 220 tp d t.h . t. 25 th
ocat i on. - PEw B9t di] BN Rble E08 vk DoHEH I BULMGRUR FHETBEYe 1T om VoM
230. 1N a GERRATySthEbleR! cithe: Efl@ﬂmgﬁ%gkﬂhg%ﬁto%@%facém {E85:8bd habg | S

extracted fromdata volune 240 b 30 wi Il depend upon the opacity
sel ect ed bynovédgon hyerolfngg rendegngthe balire baime ofthe pudbe befing thavedpaci ty settings

el ected by the er_are h that . all ,dat aval ues for he, pr bei n
moved are opaque DEHER TGS Ji RO FF Satlpblp RIS 36 mobe SisES P { e 30 to
the gurf ac@gough 76818 RHRR PLLRITBEAH; fadMHaBhORES Pefleibes thi infaBEo@RACT LY

settings selected by the user for the probe bei'ng noved are such that sone
of the dat probd, neth textuse wappinger vehin@Bndeping 4s apROBriANDCIRERT Ud'RaPImE"US00/ 29835

and sone of.1he dataval ues.arg transpar.ent,.then the data extracted by VSM
230 w || Vi FRUEHh El (8 PEROE oTICLRgh A PHEE PRSIy SHINERBT ¢ he pr obe
bei ng nDVegst th Be hdrved BB RAREme byRie REcPPe can be drawn at its new |ocation

nmore quickly by mnimzing the " quantity of data that nust be processed. 5

In a step 708, ERvsa3empsrioceshvpsa plobe, dbenafuaction 449 &socatned wBMA238ed or t he

pr ob bei .oved, and dra t he obe.af. its n Wbocation L n,accordance
Wi ChEk he. bRl et S Shze et RS i dimgesorf 4 3D SRR PR ED o ng. ont o
the surfacgy @fectidif TRE SRPe BEENRD saPNBLproBY cAdYbeVRhnbEE, dr&: kd)dot he entire
vol unme of the gobe bei ng noved. AsS the user noves the probe, for each new

| ocat i on ofxatipls, by cltseging the sige ifO@e on@orekiiectighs, B0d aa by chapisgregiazs a rate
sufficient |y A8ts Bl S8 RELEEL 8 %k Db IR0 e £ MSction, and

decreasing the size of the probe in the y direction. As another example, the shape of a

20 3D sampling probe can be changed by changing the shape from spherical to rectangular.
As yet another example, a square 3D sampling probe (equal dimensions in the %, y, and
z directions) can be re-shaped in accordance with the present invention to be a larger or
smaller square-shaped probe by changing the size equally in each of the x, y, and z
directions. The re-shaped probe also has a square shape, but as a larger or smaller square.
25 The steps for carrying out fonction 440 are shown in FIG. 8 by way of flow
diagram connector 8A. In a step 802, the new shape and/or size for the probe is input by
UIM 210 from the user. In a preferred embodiment of the present invention, the user
inputs the new shape of a probe by clicking a mouse or other type of suitable user input
device to snap a pointer onfo a "sizing tab" of the probe to be re-shaped. As used herein,
30 a "sizing tab" refers 10 a designated area on a surface of the probe. Such a designated

* area is preferably displayed in a color that is different from the colors being used to
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probe, with texture mapping or volunme rendering as apprldpkiraiZ€05 changing in
"real-tinme" wth novenent of the probe. The inmage is being re-drawn at a
frame rate sufficiently fast to be perceived as real-tine by the user. If
a user RSP re-shape a probe, then function 440 j i out. As used
15 her e‘i@, It he term "re-shape"” refers to any change %‘?\r@%dggion of a 3D
sanpling probe in any direction. The shape of a 3D sanpling probe can be

changed, odispley siedigmbdes of pliysicebpanpieters dfitheSDanpimeglatalies. Sibzrtbepointee or nor e
directions, such, ,as by ,changi n .square probe i,nto _a,regctangul.ar probe by
i ncreasi nglﬁ%@@ﬁ?éh%%mmﬂ%ﬁ&%ﬁrlmf mowppwﬁwtd%cﬁ%e% &sing the

si ze of thegipy i . i @{?H : ¢ ape of a 20
3D sanpling prn %Egs %‘%ﬁ&p@@l&éﬁ}&aﬁ%e %‘%rbghvg}%%lftﬁg&t gta?ﬁiiégéﬁ owmﬂ%p gri cal to

r ect angul adesired\size/a@tshapeddt feanhed; dmmedrargaia cicks reen @ cranglinpuydgiebe (equal

di nensi ons i.n the x, and ..z djrections) .can be, re- ped. i n accordance
with the pleeass] e?Wé‘#{qnbtﬂefl%}f‘%fé{"e§12}’%grt@lé*r“}edﬁ“su§§?§1aniq}§'gg&'&f@-‘ gﬁ%ped probe
by changi ngizﬁlg@ab%l%%le%ﬂlldﬁ‘hﬁrﬂsduﬁre@ﬂ’iﬁﬁ Béar&]gﬁe%‘urfa)fes ot prbbelhibREh ONS. The
re-shaped probe al so has a square shg e, but as a Iarger or smmll er square.
25 The st epsunkig geametysi ofghoprobesUbietlbakion dDtha sizing tedwuis doh lifEita] todhby way of

fl ow diagfam.connector .8A. |n ste 02, the ne hape .and/ar size for
the. pr obe. PTRRBEESEYD RS (T Pescagshe Ser o B ah B PicBRBod nent o
the presenteinfh e didr s&ﬂﬂﬁeﬁ&?{ng?ﬂd&%& §1g|5 h&izg \WMbS ABRR, Bk nduld @fE DY

clicking a nouse or other type sui tabl e user Tnput™ device to snap a

poi ntler ontls serfics beingchabgdd hasihe ddsoredshapie andthirereleasimgtbpmouse Avmubed her ei n,
30 a "sizing. tah" ﬁﬁgers to rabdesitg ajed area on 0zhsurfacqJ of the probe.
Such a desF‘gW& d RIRCPE R OEFEREA Ty BACET Ty W) FBR SR Je0stapdbe | s

di fferent 5oemMuli)eheGRdRSreABipRPiotREELslE shdpe, 25 April 2005 WD 02/ 37422

PCT/ US00/ 29835 di spl'ay the features or physical paraneters of the 3D vol une

data set. Wen Itweuldde rendily appagerd trapped skild i the reldvait ag ho ety implameoti| at i on of

t he nmouse or, user. i nput. _devj ce changes t di rensi ons_or._ pr rtions of
the surf acBebit SARENEL s TEiAPfg PEBHbE: P e BTV ERe 1 Bl Pod of g or
shapgs i s 1 gRlelRsbd, HokBvdt IR R YREDT bt ishBEli ARSI SHOlise'bBE ing ARUhr devi ce to 5
rel ease the pointer fromthe sizing tab. Sizing tabs are iTl.ustrated in

FI GS. 15 arecshaging fiilobes, aidotharsuitalide methedstchar bewsad. IFodesainplfhanses cauidht . appear

on the surfac of th r.obes, .al o the bounding geonetry of, the probes.
The |'ocat | BIECEIOPAIUERE g b (e PR FEAFOE HETH SREPhY geonet ry of
the probesacilighusBbp-CWaNEas, Jrbg s@NBREMRIugh IR sRIEDS, Beatelily el the nouse

or other suitabl'e user input devi'ce onto a sizing tab, noving the nouse
until 10 t@&amosse f ace bei ng changed has the desired shape, and then

rel ' N9 _ the ”i?l%ss?epfs’oﬁf?nﬁ\?&e sends a re-shape request to GPM 220 to draw the re- -
shaped probe. In a step 806, it is determined whether more data is needed to draw the re-

shaped probe. For example, if'the re-shaped probe is of a shape and size that "fits inside"

the existing probe, then no more data is needed, and processing continues at a step 810.
Alternatively, if the re~-shaped probe is of a shape and size that falls at least partially

25 ~ outside of the existing probe, then, in a step 808, GPM 220 requests the data needed for
 there-shaped probe from VSM 230. In a manner similar to that described above, the data

that is extracted from 3D or data volume 240 by VSM 230 will depend upon the opacity

selected by the user for the probe being re-shaped. Ifthe opacity settings selected by the

user are such that all datavalues for the probe being re-shaped are opaque, then the data

30 extracted by VSM 230 will be limited to the sutfaces of the probe being re-shape‘d.
Alternatively, if the opacity settings selected by the user for the probe being re-shaped
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sizing tab. This process can be repeated, if necessary25ANHg08% her si zing
tabs on the probe until the probe is re-shaped to the desired shape. It
woul d be readily apparent to one of skill in the relevant art how to

i npl e a sizing tab for re-shaping the problxg-l.[s]i pr esent
invenmﬁl}.wﬁﬁﬁs to be 15 understood, however, that [@gnopé(’ggsent i nvention
is not limted to the use of sizing tabs for re-shaping probes, and other
suitable MadGRA hialNok JiRE dalPlud A BhEue AP sH5Ebr BRUdhyaREl GEL Trom a
nunber of pre-set shapes (e.g., squares, rectangle, cylinders, spheres) by
act i vat i ng tenspexspt, themthedata extrasted by VSO 230 wili gndile theglatatcharesphafimstioby

repeat edl lickin a use. ,20 I n._a st 804, U M 210 sendg a re-shape
reguest t)(; Sﬁ’qu’oéi@\ﬁr‘f%ﬁgem%ge@ﬂ@egp%mp%tﬁg@%&‘@ﬂgg W ¢ g P
det er ni ned wetkdidw BRHE nfbdd guitiGy HoadRbniting %@%\ﬁahﬁ@_af%atasmapﬁ&t Rjeobe. For

exanpl e, ifthe re-shaped probe 1s of a shape and Size that "fits inside"
t he ‘eXi st i mgoepysedbe, then no nore data is needed, and processing continues

t t 810. [ Alt i . 1 f th - i h d
ol ze that rali stien SACSPHCAY pricksyboiEe e ERARES P IRRE T bl e driobe, hen,
in a step %Qﬁgregﬁ%ea?&dﬂﬁ%ﬁﬁ?)ﬁ)béﬂﬁhﬂ?ﬁe@vsﬂ@ﬁ@%ccﬁr@&c&%ﬂﬁﬁ%@ﬁﬁ’éﬁ?&%ed probe

from VSM 230. | na manner simlar to that descri bed above, the data that is
extract ed felenieddiy the uagn eithey by terrpwremaepping ouRNhe 8Bfacds of thd ppdadicinpom t he

opaci t se] ect ed, by .t he user f.or t.he probe,being,r.e-shaped. |If the opacit

sgtti n)g;s s a@%@’é’ﬁb%ylol?rﬂ%ren ‘%?reé‘h?d’8ﬁ‘“ter?§fhe£ﬂbgaﬁii%¥?aﬁ “for the prpobe d

bei ng r e- shapedagfe ueia esth@ﬁﬁpéGﬁh@ﬁbﬁe,%@pﬁﬁhﬁ‘]ﬁﬁﬁdﬁ(%lm&re\f%\éa%ao will be
p

limted to the surfaces of the probe being re-shaped. Alternatively, if
t he opaci t ¥ seta suligtiensly | fast thetithip wiseripercaivey the dmagetod ther bk, wdthrigktwre- shaped - 26

25 ril 2005 WO 02/37422 PCT/ US00Q/ 295 are.such.that..s of. t he
G a0 s Baapnitig e el s AR Ople S R e e i RSk ¢ hen t he

dat a extr agk#®e oPthe Eﬁ%.z'ﬁﬁé iakd isibBiak wW@ath 8 FRdeie GRISLERRAMNERG e the

entire volune of the probe being re-shaped. In this nmanner, the probe can
be drawn were¢ivadias raakiiog hape ussr e qui ckly by nininizing the quantity of

dat a, ¢ hat nust 5 processed. l.n.step 81 M.22 rocesses .t he data
ext rég_ct ed by VS%Tea ?‘?fﬁ l‘r\&’tr tza%parp(g%bee_m%@isﬂa&e’%@%gﬂ%%@ﬁﬁ?‘gﬁ' I’t‘lhe pr obe
Wi th its NewceRass, tid JICEVNHALE vt R thd@uaty bomie D ¢hfs hermby the user,
ei ther by texture mapping onto the surfaces of the probe being re- shaped,

or by vol upwbe.déhdiergegherely refgtingthe 313 velpme giid theyaroksin bpach eThegtepefoshaped. 10
As the user cRANICHLME 48028 Ghodh ib PG, g%9 by ofgﬁo%Paslag?a% oSN, §LO are

r epeat ed
a step 902, the new 3D orientation for the 3D volume and the probe is input by UIM 210

20 from the user. In a preferred embodiment of the present invention, the user inputs the
- new orientation by clicking a mouse or other type of suitable user input device to snap
a pointer onto an axis of the probe to be rotated. Manipulation of the mouse or user input
device changes the orientation of that axis. When the desired orientation is reached, the
user again clicks the mouse or user input device {o release the pointer from the axis. It
25 would be readily apparent to one of skill in the relevant art how to implement such a
change in orientation. It is to be understood, however, that the present invention is not
- limited to changing the orientation in this manner. For example, the user could select
from a number of pre~set rotations (¢.g., rotate 90° to the left or right; rotate 45" to the left
or right, etc.) by activating a drop-down menu, or by scrolling through the rotations by
30 repeatedly clicking a mouse.
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at a rate sufficiently fast that the user perceives thé&5iAmygao8% the probe,
wWth texture mapping or volune rendering as appropriate, changing in

"real -tinme" with the changing shape of the probe. The inmge is being
re-draw rame rate sufficiently fast to be pe ' real -tinme by
t he us\é\@.oao?gﬂﬁ{ a user wants to rotate a probe in 3D§§§g§é§/,ggs?ien function
450 is carried out. In function 450, the 3D orientation, which is the sane
for both the SDiRkdhusait d1dRendph Alfast b SockibRH I BacclBPEDIOIOAL! NI LheE 3D
vol une and. the pro in space. The steps for carrying out tunction 450 are
shown i n FIHi@& roted probeyin ot PEHNCGHMALH sonpestriamdirahe B#iediprobe ot VM 902, t he

i i f ] | dth be i i b
o e L adh. e epgy sl 13 Bt AR Ed e, SHe doibE eedared feab®n . (he aser
i nputs the daﬁ%muﬁfemsﬁvsmshmhép%dngnglearsgm@_sa&tgﬁgﬂﬁe ﬁsxlp.@r@lfe suitabl e

user input device to snap a pointer t axis of the probe to be
rotat®d. Mpmibpemgirotatedf ¥ Hee opaoiie setiings selected pytthe ey beesuclh dhatjel t he

ientati f .that is. \Wh t he desi d j ent at i ' d, th
ser agai n ORI Rl g T oHeg R R, b or B poi nt or
fromthe axyigpe mnitg@to"‘tﬁélzl Lerbs JraR rgﬁé bgﬁg%t@t@& ARG e BE bf)gfc%lﬁrn the

rel evant art how to i enent suc nge 1 n orientation. is to be
under st ood sethugseseleetpd bhabie viee fpribs erobe being ndtated aiessuolothat sdme oftdlet o changi ng

th i t at i t hi ) le, th | d | t f
humber of prEEees Be P BB of e e G iPeRD OB IEE SUR CHRE 1 of ate. 45
to t | ef 1 : i I . b

e ?b}\; VBM F309i incRIE thk d&xcﬁ&%ﬁo\gghggg%g%ngg%@gwgw b&hg PY

scrolling through the rotations by a nouse. -27 25
Apri |l 2005 ran@ed 2n BiiednRCihe pisbO¢an B8 &Bwh with itstemporAtiod hdve gdickig bynds

‘arequestto ratate in 3D.§p?§e 0, GPMR20 to draw the rotated probe. In a
step 906, EHNMHRE INQERBNY L galp that st PRRrOpes¥eSt ed probe from VSM 230. In a

nmanner simlar fh0d,ve8, b bef Ed ' ed from 3D
or data volunme 240 by (?/%%I 23% vfsﬁ%q%epaglgﬁﬁggﬁ%{Hgﬁ%%g??%eg’??&ect ed by the

user for thesgryatehentdiavng thopwbeithlifs nelveorippiation in avetrtlancg swithethect ed by t he
user are such that al at aval ue or the probe bei rolated. are opaque,

thenlf he dg&@u&gﬁﬁﬁq@tg?u%ﬂﬂ%@&mqmm iom?tt&f“%eﬁﬂ tﬁ%ﬂ’f"bﬁces of the
probe bei ngemgmaﬂerwmrﬁ@&ﬁdéﬁh%'m brdtird PRuBAPEEhS %!robéﬁ‘éiﬁg Baggsel ected by

the user for the probe being rotated are such that sone of the datavalues
are opaque and Aoilre ugef ratdies theprakedin 3Bspare sstaps 99hrmugnd(8 ardvepestddet dat a

extracted 1Q b 3 .1l .include the data correspgondi to the entire
vol une of P& é‘f‘%gl]éﬂn%v_e?aﬁ%\{hatr@?ﬁeédﬁwweﬁ WFémﬂ%n?i{e'ﬁ‘? 9?9%8’ ngﬁeé‘gﬁ%n be drawn
With its newnihd SoRieQEhdeREas dbpirbitlale, Sléinging in "real-time” with the changing

20 orientation of the probe. The image is being re-drawn at a frame rate sufficiently fast to

be perceived as real-time by the user.

If a user wants to rotate a probe while it is fixed in 3D space, then function 460
is carried out. In function 460, the 3D orientation of the probe is rotated independently
of the 3D orientation of the 3D volume, thereby rotating the probe while it is fixed in the

25 3D space defined by the orientation of the 3D volume. In this manner, the background
planes for an active probe can be displayed in a fixed orientation, and the active probe
can be rotated within the background planes.

The steps for carrying out function 460 are shown in FIG, 10 by way of flow
diagram connector 10A. In a step 1002, the new 3D orientation for the probe is input by

30 UIM 210 from the user. In a preferred embodiment of the present invention, the user

selecis the option to rotate while fixed in space, for example, from a "drop-down" menu,
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mnimzing the quantity of data that nust be processed23APE895 908, GPM
220 processes the data extracted by VSM 230 for the probe being rotated,
and draws the probe with its new orientation in accordance with the 15
attribug, cted by the user, either by texture np(gx% o the
surfaces o% %123 probe bei ng rot at ed, or by volune ren ergla%g(g e entire

vol unme of the probe being rotated. As the user rotates the probe in 3D
space, Stel@‘ﬁe&@?m&ﬁ'ﬁﬁ&gﬁ;e%%oﬁéﬁuﬁﬁﬁ%{e%%b@wcl?ck tagncidd drioflefRpbt y fast that
the user perceives t | mage o e probe xture mapplrhg or vol unme
render i ng “assuitple ogar inpuedevidedngriapg pointet oetalan kisef thaipdbe thbe oiregi ng 20

~orientation, of the be. The inage is .being re-drawn at fran’e rate
~sufficient R@ﬂ“ﬂ’&é‘fm’f&[ é“oﬂé?%telfsere‘g észlé%l? $ﬁ§ghﬁo?}‘efl#8%9€#h 15 a user
wants to r gfh ehetleRifARicHidiSis kéacﬁea thé ¥@Fadath Mtﬁ@%usetd?%ﬁbxﬁxgﬁ@t I on 460

is carried out. In function 460, the 3D orientation of the prdobe is rotated

i ndep%ndenﬂdnycetgtelttah@thsbomwrﬁoméhewan ﬁfwaultbbe:iﬂdﬁmlapmeemtoMceh;ldll otating the

be whi | fixed in the 25 3D def | ned h tation of
Phe 3 vol feeelatt B ima ettt ReEe S i org Bl e "pr obe

can be di 5%@%%{1 thald 1R é(réﬁéﬁﬁn%nh&{‘k%t BRitePRLHbNEIAGE oMetRIARE thi¢an be
rotated within the background planes. The steps for carrying out function

460 are shoamer.nFe e3ampl, ﬁyumyzoujd séléod fomdi mgntenotpesgaotetions (€4, I n a step
1002, the new o) tati nfor,t r.obe i s i 30 U.M 210 fromthe
user. In af 03?‘%?‘5?9'@8138 ﬁ‘étﬁff"i%ft @ﬁ%ﬁﬁfﬂ@ﬁrﬁm ﬂﬁ\?‘éth‘faﬁ'ﬂﬁfdg%gomer sel ects
the gpti onglegh GPL | %8 htdthins t Busef rom a " dr op- down"

menu.gp-28 25 Apri 200 2/ 37422]l %‘?'&%ae 298 Theusgser then i nputs the

new orientatio rinfacsrceptllﬂefir,piﬂbbﬂﬂtsynds iresfabsh tp tabeouldle fixed btspege to GFM  of

suitable u dev na nt o s.of the probe to
be rotatediﬁ{Wﬁﬁgﬁhpé??%ﬁ H?BIH&S%Bﬂg@?éﬂﬁﬁéﬁf“HWﬁ @#i? %%“%ﬁﬁﬁges t he
orientati opropé fbMAYSMPU30. In YWaSMAndrhBnifhe fh@ﬂdd&éﬂﬁé&faﬁé\}eoﬂxe'dﬁta&ﬁa’%%‘ed the
user again clicks the nmouse or user input 5 device to release the pointer

from the asitscted fromo3iD dr idatarvobuticl 240 ype3M 230 tvgll glependf upokithd opacity t he

r-eIe nt ar | np nt .sych a .cha i N nt at i.on IS to be

unde toodse CCE%J%MEE%E&EPWQEE G E%ﬁ??aﬁﬁy egt%tgd?citer%bt vl t o changi ng
the orient giel 9@ shéh thitiall dafﬁ%lﬂ@%rﬁ@'bm%ﬁé[ﬁéfbtatédﬁe bBSRe, G| tRe 44 ect from a
nunber of pre-set rotations ., ‘rotate 90 to the left or right; rotate

45 to the e}é:fat:ted)rberSthZSOemﬂ l)e tadctp|theasurfagesaofdh@prtﬂﬁg\bnmgmtatadnu or by

scrol Iing rota epe In a step
7004, n m NS e BhlsPEe Mot G et e Biep e S B o
such that some of the daiavalues are opaque and some of the datavalues are transparent,
20 then the data extracted by VSM 230 will include the data corresponding to the entire

volume of the probe being rotated. In this manner, the probe can be drawn with its new
orientation more quickly by minimizing the quantity of data that must be processed.

In step 1008, GPM 220 processes the data extracted by VSM 230 for the probe
being rotated, and draws the probe with its new orientation in accordance with the

25 attributes selected by the user, either by texture mapping onto the surfaces of the probe
being rotated, or by volume rendering the entire volume of the probe being rotated.

As the user rotates the probe while it is fixed in space, steps 1002 through 1008
are repeated at a rate sufficiently fast that the user perceives the image of the probe, with
texture mapping or volume rendering as appropriate, changing in "real-fime" with the

30 changing orientation of the probe. The image is being re-drawn af a frame rate
sufficiently fast to be perceived as real-time by the user.
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220 to draw the rotated probe. In a step 1006, GPM 220 2p¢yuB2085 data for
the rotated probe fromVSM 230. In a manner simlar to that described
above, the data that is extracted from3D or data vol unme 240 by VSM 230

will deg n the opacity 15 sel ected by the user r obe being
r ot at eg‘.%’lrb?/s#% opacity settings selected by the us%érﬁ%sr(@ggﬂdgh that all

dat aval ues for the probe being rotated are opaque, then the data extracted

by VSM 230 Wi || 16 bthis oﬁﬂﬁ'aﬁsagﬁscﬁg; fg%ﬁes%%%ﬁﬁ%@&ﬁﬁﬁﬁ%ﬂeﬁt at ed.

Al ternatively, e opacity settin cte e user ftor the probe
bei ng r ot aetTirsteps fouchiryidgakt famtion ¢70 ardvhosaindi@l 1ldg way of fipatisgaand sone of

the dataval ues arge transparent, 20 then.th ata extracted by VSM 230 wi | |

i ncl ude th@oﬁlﬁftgr](f'@r‘%éﬁ@ﬁbf@f%eﬁ&%@@mtﬁ%gat%ﬁﬁﬁewVQIH’@%?FI Be bei ng

rotated. | | ' ' ientation
Rl AR U RaE o530, B0 i, Sl

more quickly by mnimzing t cessed. In
st ep 31008, tEBMOGRN preiddsthe dats ket offaikels twut defiaéseachrébe. YSheseBBedbelow, he probe

being rotated, and.draws.the probe with its new orientation in accordance
wth the. sEamiihe %ge%@ﬂé@@éaasiﬁwéﬁémaglgﬁprgepﬁ@%ewr%wgg meppi ng
onto the Surhachsw&ler, HtSedd MC&%E%%@H%%;&% ﬁ[ voRMs #3! dBRes BN 1 NG the

entire vol une of the probe ‘being rot e user rotates the probe
while it i solumgadtside of poaciye molep $n 46 rredenthodimehOiBhe esentimpatidred at a rate
sufficiently fast that the user perceives the i e of the probe, with
Loxt ur e muBiiER SOreio/Be QRAR IR erur A U8 BB E PRBFSS AT KB e SO OB~ r el - t | e

Wi t hig he 3QokianRghin TholderibAldRR tﬁbfse&f‘%érﬂgggﬁckir@;ﬁn&ﬁ@&%tﬁ}é tfRloRg re-drawn

at a frane rate sufficiently fast to rcel as real-tT'ne by the

user. -29 Etaplonisdr iAMOGewi® t0 21:® a4 ihtd? ClifoUlsO Ads2aBRBd pdinta Thselectiomt s to carry
out an "auto picking' process, .then function 470 is carried  oyt. The steps
for carryi ﬁﬁte’gﬁfanflafgwﬁo s %S .c@g. 3 Ja0gs W?@Ymglné)w di agram
connect or ﬁﬂe@iﬁc hii@eridaPrulikd QPworld BERLHR Abirentol dib Bf Sd1BinMRrBlefRt 22 the 3D
volume, and a selection criteria baséd on dataval ues, are i1 nput by UM 210
from t he ubew to iPpwfironctbé yseha schépanied filenmtngesf ditevalues.t he data set of voxels

t hat fi . i bed bel ow,, . h i f dt
nerelh as a sedh 9t ARG TR st pbinsires o R Fl oo,
However, t igarsBRchePRiaRlep EEIE, OBM D Rl BetApBinkes indke ¥ iR ddpat defines

the 3D volume, outside of an active probe. I'n a preferred enbodi ment of
t he presenthd selestedi pints arelthose dlef. arsedopndetedtth éhomed point, ané thet bee an aut o

DL kLN P! G523 Bl RIS i 2 01 10 down renu. The ueer then
i nput device t onSRBA16S, BHEM REY profkfs HRAIAetAEM HEeIMPB0 & drawife Sel ection
20 selected points. The selected points are preferably highlighted by being drawn in a color
different from those used to depict the features or physical parameters of the 3D volume
| data set. Alternatively, step 1108 can be carried out to "erase” or delete from the image
the selected points.
In a similar manner, auto picking function 470 can be uged to "erase" or de-select
25 | points, For example, an eraser 3D sampling probe is defined, such as by invoking
function 420 to create an additional probe. A "de-selection” criteria based on datavalues
is defined. Points previously selected by an auto picking operation that satisfy the de-
selection criteria are identified as candidates for de-selection. As the eraser 3D sampling
probe moves through the 3D volume, the de-selected points are deleted from the image,
30 and the image is re~drawn sufficiently fast to be perceive& as real-time by the user.
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criteria can be input, for exanple, by graphically sel @&tAmg280% ange, or by
keying in specific nunerical values. It would be readily apparent to one
of skill in the relevant art how to input fromthe user a seed point and
filter dataval ues. 15 In a step 1104, UM ZIJ& n auto

pi cki ng rggué‘s to GPM 220 to draw the rotated probel " Tn ’(%%‘%Ssep 1106, GPM
220 requests selected points to image from VSM 230. The sel ected points
are those that gpg o5 8ok 8 18 65881800 Nin dat aval ue
W thin the selection ¢ |te§|ﬁg1 I'n stle 1%08 Y el&?%?%tcprocesses@% he data
extracted lasmwonﬁﬁwﬁth, foheamplh,wovﬁﬁmsmmo eldﬂpmnmn astheusseheeted points

' f db d di ff t f th
s’ o depiuaroteh el finueh 3G tiar s i e e dber ure | dat e
set. Alter Bafabiplyast Mo the b e&ﬁ%s%:ﬁ@éér%f%&ﬁbﬂe fifin tHRS é}&ﬁedﬁaﬁl el ete from

the image the se€lected points. In a simlar nmanher, auto pickling function
- 470 can be chmguhgum"réééﬂméwltbﬂled@nngkmatlon%thpprahe sAs ﬁeprobwamulmi, an eraser

3D I defi t 420 t t
o addr t1 ofhaRefcttadingch b EGuEEby Bng Yevaiartiessl g e ot | o -
def i ned. Pﬂ:le%ﬁ:—ﬂ?él@ﬁ’g MWghplise Jgﬁséﬁﬂcﬁaxaéw gﬁ’ﬁhﬁl t@x‘“%l‘itﬁﬂ; %glﬁ:gﬁ%ﬂ g that

satisfy the de- selection criteria are id as ca s for
de- sel ect i BBvohm:let [Adtersptitsly, aﬂbﬁ&ahqmbmogﬁ,pnnﬂbgremuﬂyssﬂidnted&gbnﬂhe 3D vol une,

the de-sel : - d 0.and ©
ey awn s BRKDE CBRE crbe et ot fereEirhde e By aveg e Robaer . 30 25
Apr i 10 2005 Qi E12Hs 3 detdsel ol érhioP) SRR, Qaﬁ@as%@vePth?&igﬁglefSW%Mu&n 470 is

initiated by the user, it can be carried out sinultaneously wth, for
exanpl e, nhx/%themmdmdmenﬂﬁmnnagwslbﬁn%rmdmmmtaﬁ&mh&:wﬁ“menﬂpfaa%be he probe,
steps 1102 thro %ﬁgm ﬁ% d steps 702 through 708) are repeated at a rate
suffici entP?/r“afl ¥ élﬁﬁr perceives the image of the probe, with the
sel ected point Qfaﬁs&%ﬂﬂto%ate%"nbﬁﬁi'seéﬂoﬁﬁﬂleﬂ‘fﬁn@uémoqmmm lpeation of
the probe. As the probe is noved, the selected points can be highlighted
by being dstapemepassagy ﬁmp@r&mwgcfmm 4&"?@@5@!&@%@ belomain aeferengeite ki ng 3D

sanpld ng p tion i h e ves through the 3D

vol utre. Fﬁﬁg @f @?c{cﬁgmﬁu mge nﬁ)%ﬂlsﬂboigos previ ously sel ected by
an auto pl cki rl@a@ﬁeemﬁﬂs W erSatéa 3D suﬁa@,s@gres&ﬁaud@bﬁé FseAI YR doRfend TRAE,
thereby having the probe 10 function as an "eraser™ or efaser 3D sanpling

probe as i foundwibing APyakpmerdaia s@hendimaten 490 impesformed. Theitophineenstary t he | mage

ol 1S B SRR bl Bt BGiRY el B i LAREd RS, 1008671 VOO 2

way of block diagram connector 204 in FIG. 20.

20 | In any event where a user desires to carry out one or more of the functions
described above such as more probe (430), re-shape probe (440), create a ribbon section
* (480) and create a 3D surface (490), each function can be performed independent of, ot

in connection with, one or more of the other functions.
With reference now to FIG. 12, one embodiment of a computer system suitable
25 for use with the present invention is shown, A graphics supercomputer 1210 contains one
or more central processing units (CPU) or processors 1212. Supercomputer 1210
contains a random access memory (RAM) 1214 that can be accessed by probessors 1212
Supercomputer 1218 also contains one or more graphics modules 1216 that also access
RAM 1214. Graphics modules 1216 execute the functions carried out by Graphics
30 Processing Module 220, using hardware (such as specialized graphics processors) or a
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If a user wants to create a "ribbon section," then fun@5iAmil2g8065i s
performed. The steps necessary for perform ng function 480 are descri bed
further below in reference to 15 FIG 17 and by way of block di agram

connectQr in FIG 18. If a user wants to create "3D syrface'
represe‘% é’%/?@é of a physical phenonena found wthi nl?%r"g%o‘%gﬁrre data set,

then function 490 is perfornmed. The steps necessary for performng

iy of bl oot REEREE bk Libepllnds e SFRRSah fetlogilner e o user
desires toanddnpyt infidimfida tographisumicotipetef 10101 i ons  descri bed above such as
nore probe (430), re-shape praobe (440), create a ribbon section (480) and

create a 3D surfdegiculedy prefered grapgiss synsiromamehis B TyE? fdnite RgalfBndent  of
or in con ' WM f e fiu | W ref erence
now 10 FI G- AR B Eo0rfRECE MERRRVIGE A EhERIGa%R () %o
wi t hthe pr eseadsods,thesetdraphics pifelings, 16AGHr ¢fphiia Inanpe HAMIVIEE of 3% cont ai ns
one or nore central processing units (CPU) or processors 1212.

Super conpuErmor, 1ich @ GRPHIChEPSCOBPH hanR lepRighrpgndpigihy)ovidetency hat can be

accessed b .1 241 st RE S . t al ng. one or nore

gr aphics m)c? g{t%gﬁigb%&{léi%é}éfpso ag%eg@gg Hl&é‘ﬁ{ﬁp %@%ﬁ%&gs %En@glﬁ es 1216

execut e t heufervomipiierysrogsutiter eidarsitsudiys KewipthPeckatiCoripanyes oo g ithjtiul e 220,

usi ng hardpg e W%@gg% Agg&l@%ﬁ% égﬁggssors) or a -31 25 April

2005 WO 02 ' ' dware and software. A

user 44 nput devi ; | ' mation to

ar aph] G5 super oo tFaRe S Mg (R lmded o B0l playe Ik R chBh

étrjpeL ponpullstq:ercbmll\ngﬁr ?iyixta \e;lmﬁlﬁpi%-i&edﬁ&ﬁ#gldyysysizmsnteﬁlfqrqmﬁ?fhét?hIcﬁto‘fs[ om Silicon
aphics, Inc., nt ai n Vi ew, , configured witheig processors,

tS hr ﬁe gr apFﬁgieéllﬁtbjpﬁ?éé‘%bo@‘B’m@h@Fﬂ'ﬁ%ﬂﬁL I%;j%e)pg%s QESB“%FE’??"E‘F skI rr}[em)ry.
uch a gra : P &mqm] w-| at ency

architect upebﬁh%:bgg?%e I g {hgpe gla?%ﬁ%erl r?gﬂlgn %@F{?I pl'e gr apal%lﬁgs

pi pel i nes. pEicaiphil24), aseper projepiot K58, dndanpigiit iperjecioe 1360.S Although thse

Hew et t - Packard Conpan f Palo Alto, CA or Sun M crosystens of Mountain
Vi eW,g CA cBifjeglon &g S%ngag‘?gd’.msirﬁ IRREQR18 PRt 16%“"3&?@?‘@?%% Refewahage to be

di spl ayed | sn588 e?‘g} raphi cs superconputer 1210 to a multiple-screen
di spl ay system 1%%%1 orsgproj ection onto a screen 1230. In the enbodi nent

shown in FIG 1Bypjettor Be0dnog pojecian {eidonssedn 1B0oshotngenepatlyspt2A2i ve of a user
Lo : : ; Left
viewng t hgetxlzvge%gaepo(l)nr% Iirflr e;en?ig p%l%? 102.’43.t pr%j eE:trc]nr‘ f2e50|%rasocli Erg}egtgoi ée{.cllcolnusgr%er? ©

1230, shown generally at 1252, between a point 1251 and a point 1253. Projector 1260

20 has a projection field on screen 1230, shown generally at 1262, between a point 1261 and
a point 1263. Projection fields 1242 and 1252 have an overlap region 1244, between
points 1251 and 1243. Similarly, projection fields 1262 and 1252 have an overlap region
1264, between points 1261 and 1253. The image to be displayed is divided into three
(left, center, and right) over-lapping sub-images. By simultaneously projecting the three

25 - over-lapping sub-images, the field-of-view to the user is increased over that available, for
example, on a monitor or through the use of just one projector. As an example, use of the
three over-lapping sub-images shown in FIG. 12 increases the field-of-view to
approximately 160°. Overlap regions 1244 and 1264 are cach approximately 5.3°.
Multiple-screen display system 1220 accounts for overlap regions 1244 and 1264 in a

30 well-known manner to edge-blend the images of the three projectors fo form one
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proj ector 1240, a center projector 1250, and a right prRéjAssil@P03260.

Al t hough three 15 projectors are shown, the present invention is not
limted to the use of any particular nunber of projectors. Projector 1240
has a n field on screen 1230, shown general , between a
poi nt ?@Q@E dpa poi nt 1243. Projector 1250 has a pr%JQ@%W%ﬁéfleld

screen 1230, shown generally at 1252, between a point 1251 and a p0|nt

1253. Proj %{gg% I QL 8Hid '

general ly gfg&@ésg , eot%\(/%/em}g%sggg‘l nt 1?6@%?#0&&%08%}%%%%%#%&01 ecti on fields
1242 and lﬁﬁﬁmlmdomymgﬂmﬂ,sueigésdlmﬂﬁéﬂprojwbm poi nts 1251 and 1243.
Simlarly, prmg@% g) |eI ds 1262 and 1252 have an overl agl region 1264,

bet ween points 13§ ernafe, gmbocigent oha pRmpRes sysip sitalle &npseied i nt o
three (lefksn 88N ht | t aneously
proj ecting ttﬁe h lggemtzgmgg%drl? a%p@%gé%ﬂu By nggg@wt%;ﬁ?i e?’d%-ﬁfv%w to the
user §s i nsulgmeqbumvmlﬁumnﬁmai mﬂhhdupibq:roceﬁwam%wﬂzﬂmﬂm@r or

through the u o] 0 tor. n_examp e of the three
over - | appi Sepu q’\%“ﬁi@“ EYB\RE‘ \#or ongsgltp e@&%&fﬁ%@m imeptphea vi ew t o
appr oxi mat ﬁ{}%ﬁe ﬁsoare Qéﬁéﬂléﬁbﬂ ﬁﬂb&@aﬁﬂé‘&n@%ﬁs&%ﬁ% fenﬁaﬁ&hgf%ghi%' mat el y

5.3. Milti screen di splay system 1220 accounts for ove p regions 1244
and 1264 i modu]BmZIﬁa$ Mﬂ&txd/tﬂammteﬂ%mfoedigﬂa}bmmﬂﬁ@ﬂ shosid efapdbly he t hree

projectors,to form n 32 25 ril 05 WD 02/ 3 42%55%5/ USO 9835
sean ess i HafEOlE é@’ﬁmﬂ% J?ftdéPQ Oﬁ?ﬁh‘%?f ‘i’r‘f’d stens are

avai jgbl e 1% ﬁﬁ’d*léswerainl?'}%%fnﬁﬂﬁ&ﬁﬁﬁlﬂ ik {ijlghg e BRTHE 3DaR) ﬁﬁé or units.

FIG 13 shows an alternate embodi nent of a co r systems |tabI e for use
with the ppmbwandhhveﬁhenodmonitmrsﬂm cbsﬂnyslthwaﬂowmm usad fol oBeraeBD gr aphics 5

super conput er 1210 s configu | ti rs 12 RAM 1214,
and two. or sraice Piadeeem Y R ol v Ruboatd BRE 530 bR Use in
t he enbodi ﬂﬁ{lﬁmmwglusei.ﬁ fld&vick3 are available from Silicon G aphics, Inc.
or Sun M crosystens. Eacﬁ graphics nodule 1216 is connected to anonitor

1320 for displ a@zceﬂmﬁftrtsmtem&mﬂshﬁnmmingpmﬁmmmtipnalib}edamﬂmﬂ bereigrimphi cs
noni for suitable for pl a f.gr s such t shown in FIGS. 10 15
and KT Br dhoaeh S ohialgn ik 10r COa5E 96 B2 miteet SR8 s ne 30
sampling  ploe&sss, sidhds ﬁrb&sé&m P&Bce’s'mmzﬁsscoﬁﬁe%@dwa%eﬂnaﬁacaﬂ&bwl ous nenus
used to operate 3D sanpling probe program 110. FIG 13 also shows a

keyboard 1348. ¥adows sefburecnii®@mnentsheedescibetin trmeef tisesenplapiromgeter ces. A
comput er SYREEM SARARES, A ALY v fech S apaaStih QDS e R POd herein

relevant art how to implement the invention using other computer systems and/or

20 computer architectures.

- Computer system 1402 also includes a main memory 1408, preferably random access
memory (RAM), and can also include a secondary memory 1410. Secondary memory
1410 can include, for example, a hard disk drive 1412 and/or a removable storage drive
1414, representing a floppy disk drive, a magnetic tape drive, an optical disk drive, efc.
25 Removable storage drive 1414 reads from and/or writes to aremovable storage unit 1418
in a well known manner. Removable storage unit 1418, represents a floppy disk,
magnetic tape, optical disk, etc. which is read by and written to by removable storage
drive 1414. As will be appreciated, removable storage unit 1418 includes a computer

usable storage medium baving stored therein computer software and/or data.
30 In alternative embodiments, secondary memory 1410 may include other similar
means for allowing computer programs or other instructions to be loaded into computer
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15 shown in nore detail in FIG 14. Conputer system 1482 ApsdR0ees one or
nore processors, such as processor 1404. Processor 1404 is connectedto
acomuni cati onbus 1406. Various software enbodi nents are described in
terns toglis.azzexerrpl ary conputer system After readl'; 511)51155,'§_,’5description,
it wll becone apparent to a person skilled in the Telévant art howto

i npl ement the invention using other conputer systens and/or 20 conputer
ar chi tectur mfﬂii.pBﬁﬁfméaéﬁ§£a%%&uﬂa?,éfgﬁxﬁﬁgfe{}ﬂeﬁi9€aﬂe%t e A9 g 1408,
pref erably tTandom access nenory , and can al so I'nclude a secondary
menory 141@n iSedawndd2l; Bxempley of &kl Qac Arlude al puaeam featridgx ampleartridge har d di sk

drive 1412 and/ or renoyabl e storage driyve 1414, representing a floppy
di sk dri ve_,m%l‘gﬁ?ﬁ@ﬂ&qsgwféﬂ’é‘llﬁﬁ’f‘{?%gar%ﬁ'@e&ﬁ?ﬁgﬁmﬁ‘fa?k%q%‘il hagg Renovabl e
storage dr igy &Pk of PROSH EROAMALIEL bioht raﬁm%k%emmf unit 1418
in a well known manner. Renovable stordge unit 1418, represents a fl oppy
di sk,5 magasd inferfaegsd 420 phhichallow isskware tued daihiodie trassferesidirday remmrablei tten to by

renovabl e storaﬂé %ri ve 1414. As mél be appreciated, renovabl e storage
unit 1418 PIOFAREBRE 422 eATIRUE SYSFELIAO st or age medi um having stored therein

conput er sof t wepsmARG Skrefleifa 3R ol RMERS N BShMEnEHRATIRBRES 148£CONdar y
menory 1410 may 1 ncludé other simlar neans for allow ng conputer prograns
or ot her i fstmunichtions itterfise 1H2halteovsi saftware anp date rto b8 Badferrdrtietwe2®05 WO

02/ 37422 PCTI US00/ 298 tem 14Q2.. Such ans, can include, for exanple, a
renovabl e §PBP ﬁéyﬂ?ﬂlﬁngzg efrepal gﬁ”‘?eﬁt E?‘?'“ﬁ%s FOHMUEGALANS dUeIiACe s ych can

i ncl ysle a PAROEAMHRHE ' H88A NS Bl ik8fice | (Nich {s2&E FiRHED cﬂx%lgvl?at found in
vi deo gane devices), a renovable nenory chip (such as an EP or PROV)
and associ stregugcaties portam BCMAslot emboaed) k. Sofbwaagendudaia tendfd@@i Ha and

I nterf 1420 .whi ch._al ft d ta t t f df
v o oSt E LT e 8o PR ads SRR BRRER i 1402
can al so i prbtifoRee PR 08 Bk QiHals BifRbk 3F Beiddréthived B9 ThHMRLGRAlRSS | nterface

1424 all ows software and data to be transferred between conputer system
1402 and eitiafaald2de Signels 14Faeptoriled fo coommuiviiiens imeréace wiagy dhaveel 10 1424 can

cormii cat Fte e T Rectes bl JRRE wii a8 e ol Hated JEHE Sine SEfbleat o
transferr eﬁbéfiogtics%)ﬁﬁﬂﬂ@ 166 al cOMBar pRbRY HACE RF Bfik Adthed cbBRuhiestBnef signals

1426 that can be electronic, electromagnetic, optical or other signals
capabl e of chsshely recei ved by communi cations interface 1424. Signals 1426

are provided t O S A0 e ¢ Sfitms -'%Em%l];.tgr(ia?ogrvzlm? m%diﬁrrz]lagt;]dejcomﬁuter usable

medium" are used to generally refer to media such as removable storage device 1418, a
20 hard disk installed in hard disk drive 1412, and signals 1426. These computer program

products are means for providing software to computer system 1402.

Compufer programs (also called computer contro] logic) are stored in main
memory 1408 and/or secondary memory 1410. Computer programs can also be received
via communications interface 1424. Such computer programs, when executed, enable

25 computer system 1402 to perform the features of the present invention as discussed
herein. In particular, the computer programs, when executed, enable processor 1404 to
perform the features of the preseﬁt invention, Accordingly, such computer programs
represent controllers of computer system 1402.

In an embodiment where the invention is implemented using software, the

30 software may be stored ina 6omputer program product and loaded into computer system

1402 using removable storage drive 1414, hard drive 1412 or communications interface
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15 1428. Channel 1428 carries signals 1426 and can be P2APEH2BA2d using
wre or cable, fiber optics, a phone line, a cellular phone link, an RP
| i nk and other communi cations channels. In this docunent, the terns

" conput am nedi unt’ and "conputer usable msdiM‘ ed to
generalﬁ?ogse@g to medi a such as renovabl e storage ev(%sg&%ﬁ%g, a 20 hard

disk installed in hard disk drive 1412, and signals 1426. These conputer
brogram  PigtkishecdiifIBERBREAD, RAOVAALAN 19 BB MR SAMHRLPY ST e 1402.

Comput er prograns ohputer co ogic) are stored in nmain
menory 140&46ind paforsahofideaionseithe invdmib as destribed kereipr ogr ans can al so be
received via comrunicatjons interface 1424. Such conputer. prograns, when
execut ed, enabl @ Bgtheiembadiment, fag gyypotienjs P’@P@%‘W@Pﬁ‘?ﬁ@”%’é’?@ﬂ’*’é‘% of the

present in [ [ i I SORNTIFIE : ter

D ogr ams., | Sioh A EERIE bR RS S BhE N sl AL IR BRI X L e of
t he p¥ esen(Asinyenimplemendtimorafisngl y hasiwete staemicine po agtapsformahe esent
controllers of canputer, system 1402. In an e i.ment where the invention
is inpl erre%"cné’éPfiﬁglPﬁi‘fﬁ{’%jé%’af% , e@ﬁ@“‘%ﬁ’%"&"’l"%\gﬁgg% SHREVERSFEY in a conputer
pr ogram product i . i vabl e
storage drive 112?491{%1 k@%ﬁgpp\%ﬁi%%mﬁﬁégﬁ%ﬁg%%n ai‘éﬁxéalélrﬁ?tg@g? -34 25
April 2005buDh@dwae42® sd¥ERdIS00/ 29835 1424. The control logic (software),

when executed by processor 1404, causes processor 1404 to performthe
functions of the invention as descri bed herein. I n another enbodi nent, the

inveqy i on keeirMOSTBRMR AN RERILd Y 1 N hardware using, for exanple,

har dwar e conponents such as application specific integrated circuits 5
(ASI Cs). | npl erBrtoptration aufl resulthofdhdmesdnanentorawill nomchei deseribel, asing o perform

o evant skt e, 0 B Sha i B Rk pRRTERG S e el
using_a ConRiRatdsPTHe biser g‘s&meblﬁegmgﬁaﬁagmﬁ%ﬁ%ﬁm 1 B RYE WRMnGPERATI ON' AND

'RESULTS The operation and resultS of the present i1nvention will now be
descri bed, loadadrfgpm diskdimtcemato mgmery? 40d¢fndit3Dcsamphingysrobeeis drmvo. dhe wsef dat aval ues

e s BB AR S SRR
T N iD Beml e drahas i MO AR bgalal o 11
can of the probes and the seismic data volume texture mapped onto the surfaces of the probes.

One of the proﬁes is displayed with the bounding geometry shown; the other two probes

_are displayed without the bounding geometry.

20 FIG. 15 shows three active probes. The user has sejected not to display the data
contained in the background planes and in the remainder of the seismic data volume
outside of the active probes. Two of the probes shown in FIG. 135 intersect each other,
and the intersection of the two probes is displayed. In this manner, the user can more
readily visualize and interpret geologic features inherent in the seismic data volume. For

25  example, ageologic feature, represented by a dark band between two light bands, extends
across the face of the larger intersecting probe and "turns the corner” to extend onto the
face of the smaller intersecting probe perpendicular to it. The ability to move and
intersect the probes with each other, and throughout the seismic data volume, enables a
user to better interpret and track the extent of such a geologic feature.

30 FIG., 16 illustrates how one probe can be used to "cut" another probe to create a

"hole" in a probe. As with FIG. 15, the user has selected not to display the data contained
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al so be selected. The three probes shown in FIG 15 ar@5aimildp@yue, with
the intersection of the probes and the seism c data vol une texture napped
onto the surfaces of the probes. One of the probes is displayed with the
boundi fry shown; the other two probes are dj W t hout the
boundi %"%@gﬁ&r 20 FIG 15 shows three active pr 05(2'263%¥ﬁ9335user has

sel ected not to di splay the data contained in the background planes and in

the remai ngg\‘fg 0 ck%ﬁﬁuﬁﬁ%%%aﬂ'%?eﬂa?ﬂd&f‘ﬁth&& tg;%l&d@ g@ﬁ%bi” e Probes. Two

of the pro G 15 intersect each e Intersection
of the twoagivepsbes. sFIGJMMmy&ekthdtﬂlebpacEmegecanbbhﬁimﬁymmdbye readily

visualize and interpret, geo C atures . inherent in the seismc data
vol ume. Fo ez*ser S eﬂvepra%o% @%abasrséoweﬁg &8 S‘éﬂ’ah‘ftk band

bet ween twg, ?& : ang&ﬂu‘%ﬁé}ﬂﬁg 85TP RS frbe. TRGR dPtBséJIEte

i nt ersectl ng pro turns t correr 0 exten nto t face of the
smal | ®r i nbetesgrobe, itguyst bt pmyﬁgmdotherlpmbet dhe outer'ﬂpeqmlprdbeug/rcfmedmve and
intersect the probes wth eac and thyou ht? the sei m dat a

vol une, en i@ daia pigben 4 ecﬁ@tcpepﬂh tteﬂmaeﬂﬁﬁ ﬁ%uses% of such a
geol ogi ¢ f gala4ifb-3ekibh @thé@ataﬂrbw 'B%@ahé‘éﬂaé‘&%ﬁbﬁﬂ@ls E&ﬁﬁ&elg psed to "cut”

anot her probe to create a In apro As with Fl the user has
sel ect ed nditis ad Vmbdmhﬂﬁi lige Ihm:@r,dhm‘hmﬂm mec%pﬁﬁlymﬂﬂeﬁmpm 02/ 37422

PCT/ US00/ 29535 i.n th b r anes and nder. of the seismc
fiat & vol un IR oG et fybhe aguepplintrigss piE e OR® hat ¢ he
opacm y Seﬁzfsiblws“[ﬁ@'ﬂn&% dengd ﬂt&%@ixdﬂoﬁﬁb%ﬁ%ﬂo&yandtﬂi@ cMSBbbd Rrpgach active
probe. One of the probes shown in FIG 16 IS opaque, so that it 1is not

possi bl e tmtts‘mﬁmgﬂuob@mﬂemeltgthefdata@sob@f this pr obe. In or der to see
IR I s T Ul R R P U
t ranspar enbom@in gBhRRE shivae 'I%@ﬁﬁ'rd'ﬂﬁﬁ@xs&@hﬁi&end@ﬂé&wﬁh3@yﬁ Regg&glbton of the
data probe. Because the cut probe is conpletely transpar ent it is not

visible i ntrms&rerm 50 KB @ser cathise faeughithraqutar ivecfasongd the pble mdamfs?par ent cut

prob sent is evid t he .fact, e internal
surfgsces %ﬁi’“ﬁ SHIY §1 gﬁ&pf%’ vf&§F]19I“@mﬁ']ig€tl? h@g’é“cﬁFq‘teﬁ% qq'r‘FP%rsecti on of
the data pfee@ee@mmém%ﬂmthm% de&mhfaﬁheumsfoseﬁlaﬂuagbeﬁﬂeﬁ@%y bpternal to
the data probe. A third active probe is shown in . The t'hird probe

is displ ayémcumnbb& he boundi ng -geonetry shown. The th| rd probe is vol une
rendered with v r f transpa o _that ser_can see
through the out BPREYHERGRERactpots BBRRARER TP e b s gsdPoma: ur os

Wi t hin t heiphd v bBsrORRcled Sirsi38 Whedd pibllitg prbBoss (HifotioRi476). PrHRREedsa Vol une

20 points have been imaged in a mauner to highlight them for the user. The selected points

are shown in FIG. 16 as connecting points. The seed point is illustrated in FIG. 16 by the

darker sphere.
FIG. 17 illustrates one embodiment of a ribbon section 1710 in accord with the
present invention. Like the probe, ribbon sections are a 3-D volume visualization method
25 for displaying data along vser-defined fraverses through a 3-D volume data set within 2
probe. The traverses cut through the 3-D volume data set somewhat like a cookie cutter
through dough and therefore are referred to herein as cookie planes such as cookie planes
1712 and 1714, Ribbon sections may display the 3-D data in orientations that do not
necessarily conform to the orientation of the ordinate axis of the 3-D volume data set
30 and/or probe. Ribbon section 1718 is produced by the user in accord with the process
described herein below. The traverses or cookie planes are defined by digitizing control
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rendered partially within the 3D sub-section of the da2d A¥8i389% hat has
been cut away by the cut probe. The third vol unme-rendered probe shown in
FIG 16 al so contains selected points that have been sel ected through a

seed pigki ocess (function 470). The selected 2 ' ave been
I maged ﬁ?og&rrg%mer to highlight themfor the user. T%e@gp%%%%d points are

shown in FIG 16 as connecting points. The seed point is illustrated in
- FIG 16 byptibg su&%%@:{u&p&mmﬂﬁs fl 1720, Wlich M5 be QOGN RAGlL FREt Of a
ri bbon SECPI on 1710 in accord wth the pr esent invention. Like theprobe,

ri bbon secbfmnprom e&r@dtbasdiedpmbwfasudanei a'fheonerrm}'wmte adgnsparentiég pl ayi ng
dat a alongu efin rou lu data set wwthin a
pr obe. The’f (feé ‘ggtfov? {‘?Seetvﬂ 449 %‘8 ‘?P&Sa@ﬁ F}EV\#{& li ke a
cooki e cut ecatume%m@ oﬁﬂﬂ@éhd%%ﬁﬂ&ﬁ%&ﬁ@ﬁ @an%alaa@&ﬂfspﬁéhﬂiﬂneh@rdel n as cookie
pl anes such as cookie planes 1712 and 1714. R bbon sections may displ ay

the 3 D data i nlerdoiml @oinismeaytteaseddo prasiuce aylsekiy &f lmq/segmnmt@mhta@ t he

or obo. i bUBtsEEy Loalrth L otk ey e e R Safus Ve he

process dm&&ﬂ%abﬁ&@nmumawm Bt HelcRNGT. TRSrefre, ﬂl@ﬁhé@ baggsyare defined
by digitizing control 2005 WD 02/ 37422 PCTI USOQ 29835 points

such as coﬁnmanﬂpmmlcbseﬁmso@mmmnwwcomﬁﬁ@hﬂmmps@ué& ed froma

face of t | trred to as the ohe face " er may
create a tﬂh 5‘8‘%158‘?1?’%'% ”glﬂb% caof dﬁt@gjcsg{%éﬁ é"P tpganes tlse?rf’fé%tgéw th an
opaque ri bhen seftlidiberpMdicilan fithdRbbe fadePRne fﬂfdﬂ’&@laﬁﬂﬁ plafedigexRpdque and the
ri bbon section can be nmade transparent if desired. 5 The control poi nts may

be used t otoancwnesingfags of thel rrebe referred taas S jenpesing pigbhiaasplang. hdfigegnment s

\%IZ(Z:h }Zzﬁlﬁ?%"%%%%ag%gﬁgﬁ%e f/z%%r Pfay no?"‘%éo O%'r&ggyﬁcﬁgf@f gfr%eylltﬂg I1728

segnents nNgigve, fd@rgnbﬁg}a@me Bordfol SIS @ledit thErilsion kétaibn 7 iNGéabtige afidll t i pl e
cooki e pl anes roduced. In a preferred enbodi nent, the area of data

di spl ay, i display ﬁaﬁe@@ taciTqan Hieed) volume ﬁl@ip &t eloug o capln glagesi T2 @nd on
e Dfhos: s BedsiHopis Qg B by B0BaR PAl0 1 VR Bl 380 YSRAHY PLC 2N 1O

plane. " Af {&ime Qa8 akt Wighi® tHel fabte it @ptileQibbok l@@nbﬁa eT10MRY s milebeouse
control s or keyboard to select, nove, drag d_‘grab t he control points to

eﬂl t the |r$mbzneg@btm@wd tordifferent pasitiontin ﬁ@e@ﬂwe Lqyerd data fromdbes) data from
3D 7
;dgl ti o\rllotg %t:?se‘?ﬁ}sﬁe tﬁ%godlﬁﬁlas%g Ptgéﬁrf%%r}?ém\;; pé%m%pf‘?%lry 8n?n%r§at a fromthe

3D point 1720 is preferably high-lighted or colored differently as compared to the other

20 control points to indicate control point 1720 is in an active state for operations such as

CI:

moving, deleting, or otherwise editing as discussed further below. Confrol points may

be inserted or deleted after the initial ribbon section construction. The ribbon section
geometry and orientation may also be saved for future work sessions.

FIG. 18 depicts a block diagram of sysiem 1810 for program modules in a

25 presently preferred embodiment of the inveniion for producing ribbon sections at real

time frame rates as discussed herein above. Probe module 1822 provides initial context

for sketching polyline 1728. Probe module 1822 supplies user activity data such as

mouse clicks or keystrokes to cookie manager 1824. Thus, user activity data such as

creation of control points, deletion of control points, moving of control points, moving

30 of the entire probe, and the like are inserted into system 1810.
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vol une data set within the probe, the entire ribbon seéfighil284D and probe
may be sinultaneously noved to a different position in order to view

- different data fromthe 3D volume data set outside the boundaries of the
pr obe i rior position. Active control point 1720 is preferably

hi gh-1i F?t“é/g”gzr colored differently as conpared to t’FFeT"é%”P{@rB‘“zo control
points to indicate control point 1720 is in an active state for operations

such as novi ng, leLl ryvh?e aiti s _di SGUS t her bel ow.
Control points n%)gﬁegédnlg%gelrg%‘legﬁ%% de e%%dn%lit{agtraagtuﬁéwlﬁ%ﬁﬁ%% {rgligbon section
const ruct i 0BookiNBanapd? 1824 dietibhteythe GRQBBL Edntrdlbins RNV, @il dslte & SO be
saved for future work sessions. FIG 18 depicts a bl ock diagram of system

1810 for prévgroanfieitibete solylinemodule F26can cogkiqplarecnedie BRBodPregse of the
' nvent i on ft&ﬁes%‘f&%%%ﬁdﬁ%s Bﬁs&%@@@ﬁﬁ{:@%@fg&kﬁ% %%aéeertslbirfregéi‘?s{;‘aatﬁ% 5 as

di scussed hérein ove. Pro Initral context for

sket clsi ng paighine AR dil€ 2826 Midpasestbelddiio L8ade plaprhddnte 1828r activity data such
as nouse clicks or, keystrokes to cookie mana%e]‘[ 1824. Thus, user activity
¥

data such as crelipemodule ERemagpeep datprelated o pelyling 1 739 anddhe asspcighed nt s,

"eerteq i nehdBiah MrivpofRi ottt mbiife Bl MG BIEIRRIE, ) 085" ©
Cooki e nmanaylink S48 i nadids prdvited Sar viswpuéferdndea Balplplei woduby 1§260he 1822.

Cooki e manager 1824 distributes the data, e.g. copntrol points add, nove,
and del et e RaUnging iy polysiats odiy 1830 anappges dheritdr plcthe sntobpRINGE OB e pl ane

~ nodulyg 182 : : S ' i . | point,
cooki lg man gﬁ%&%ﬁ%@%@% %é{é%éa %Fgﬁ#rﬁ% ?naﬁ%g lﬁg}%ﬁ%ﬁt{@lﬁfé&gb% %ﬁﬁ%@é&@n d passes

t he data t gqoimalkthas pitaraeontothoire 1 7282Gweftlably highibghteald Thecokdiposmayes dat a

related to polyline 1728 and . the associated _confrol points in_conjunction

wi t hpol yrariesnlargsd or 0%33’3%‘6’ forpagier Aevangfonlymaares mpdule B3 provides1 728 | s

mai nly provjded, %‘f%‘i"%%?}ig?ﬁ;%@é%?ﬂ -eE%LMJEsi, &?gsg:%g&@ oprl;tﬁgsg?d flat 450N) UNction

wi th pol ystate no e state o poi nts. For 10
I nst ance, idpefatoe kaows whicls baihteis irethe active gtatepfor mbviag nleltingyoud dtheswiste! et ed. The
active contr.p] Boint such as _active control pqQint 1720 is preferably

hi ghllPght edditmgePlgmptken el $3%alse mpeprapeiegstchs tirderdarBdicsonsi ze for
easi er vi .e‘%dgﬂg?ntﬁ)&iv)éﬁgﬂé? oiff0%ys € 1832 provides visual context such as

hi ghlighting or varied cofors, tor the control points so that an operator
knows whi chCqokientlariesnoduld 1828 gubvides tethatd géometrgpwhioly magtebeinstagre nd

The 1 ocat | dRbaeraE Rt ior aloaEa e heTes PO EP RS Frpgscookle "
planes 1712 and 1714. Cookie state module 1834 monitors the state of the cookie planes
20 so that in the active state one or more cookie planes can be moved or otherwise edited
whereas in the inactive state no changes are made.
During operation of system1810, probe module 1822 may notify cookie manager
1824 that an event has taken place, e.g., a marker deletion, i.e., a control point defetion.
Cookie manager 1824 then notifies polyline module 1826 which deletes the marker or -
25 conirol point and joins up the two surrounding lines into one line and notifies the
| polymarker module to remove the deleted marker from the list of polymarkers maintained
by polymarker module 1832. Cookie manager 1824 and cookie plane module then
convert the two planes into one.
FIG. 19 illustrates one embodiment of the invention for creating a three
30 dimensional surface representative of a physical phenomena described by a 3D volume
data set such as, for example, a geological fauli surface. In fact, this method has been
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Cooki e pl ane nodul e 1828 provi des textured geonetry, \Mpriscﬂﬂ’rir]r&QO? or instance
be |lithography-related for geol ogical data, to the surface of the cookie
pl anes such as cookie planes 1712 and 1714. Cooki e state nodul e 1834

noni torﬁotol;y%élt ate of the cookie planes 20 so that i&(}t/llf% @9%;5] ve state one
or nore cookie planes can be noved or otherw se edite w?1ereas in the

I nactive state no changes are nmade. During operation ofsystem 810, probe

modul e 18225, gaf%ielf'{%ﬂmg%%@%Ime%ﬂﬁaﬁﬁifoﬁﬁgﬁY&Hﬁﬁdﬁﬁ& dngken pl ace,

e.g., a marker d lon, 1.e., a control point deletion. Cookie manager
1824 t hen noeipétaonmdlgydlogienl frolt windacd8 Iowsivers hthdetyptsef sarfacesifar dther or 25

control point a | Oi t he, sufroundi n Lnes _ intg one |ine and
ot {1 s ¢ HEPS SO ApAEPRE Ak SnaRERY Gerbheb ERHEe gbbEARtonar BEPRFEm ( he | i st
of pol ymar kgveismi AfndhiREe méNod Pk R RelRs i gefid tictnolfo@ager 1824
and cooki e plane nodul® then convert the two planes into one. FIG 19

i | 1 usBr at edsusaétoskigidaticomsred paifis,shek as conokpobns 1902, 1904 2906rapd 1968niang 30

di [ | f g tati hysi cal ph d i bed b
30 vor ume. AR o UE e e ogof e Refet e o RSACE LHOPSTET ace. 1n-
fact, thi's oot B3 ubBARa-Hud il o SARANNDAZA 1 E3s PETHIIR0/ 20835

found to easify and quickly provide 3D volune visualization Tor rapid
i denti fi catfawhlingn #robe fiice A Pi0ds then wovedf and ek wgttiod romfal paintsare fligdized. However ,

Gescr i bod reoldie BiteniuBineBled Bemp RERPLaeRo B us Fof® itflough 1 ne

nethqd is degehdtRefoihil na® bEeARY difed HENOWA td RoRBABRKALLy Hdme MRIhPsbeS 15 used
to digitize control points, such as control points 1902, 1904, 1906, and 1908

al ong a pmuydefitiatngwdtimyframeratens distussadiabeveo Thistprocessxenbegdpesisdf ace of
probe face 1 ber m.t . oper at t0.visual l.0c control.points on a
B ruoture. dt s EFa% prtiol BEoBpRl. it iR i AR BB RSP 1610 [0
then noved, andTRud)6WY safloditfenC?HeliBlentR dichsal ¥y GO dirdadhs a mdtholiace 1912 is
t hen i nterpol at ed between the initial poi nts and the new control points. 10

The cont r olof papidiy eonsigyctinga tegsidipensignalsurfase onfavie Sund withing 34 volpmeel y defi ne
t he rface e 1912 at .a,real .tine,fra r at s _di scuss above. This
pr oczgs caﬁa%gsgfelﬁéﬁf%laﬂe‘ﬁ??‘%“f@eﬂé BQ?JP?OQ%Sea nﬁf"éﬁ?&@? i Bn g ?glﬁpl ete, at
whi ch tinme didiidsavdlas %ﬁ%ﬂ%gﬁlﬁn&ﬂ’\éﬂ% clives sudhRE sRiRbadiaBIl off the

p

i nvention disclosed by FIG rovides a method of rapidly constructing a
t hr ee- di merikd ok faea A8 adichmaydg interelivaly ompstaiyited whan Tisvabizingrige d48 dat a set .

In a preferged enbodi t -D pt.obes di scussed. above, ,are used. The
ot hod + ek PReSTgnaioPT Bt A0k S St Pl EipAAte B it S L o) e
curve 1914 c@fted in the same way as spline curves 1916, 1918, and 1920 are interpolated. Spline

20 curvesand v-curves 1922, 1924, and 1926, are produced to form a grid. The grid outlines
the three dimensional surface 1912,

For construction of the initial spline curve, such as for instance spline curve 1914,
the user digitizes confrol points, such as control points 1902, 1904, 1906 and 1908 on the
probe face 1910. Markers are produced at these control points and spline curve 1914 is

25 interpolated between the control points 1902, 1904, 1906 and 1908. Control points 1902,
| 1904,1906 and 1908 may be moved within probe face 1910, thereby interpolating anew
spline curve 1914. Once the probe face 1910 is selected, the other probe surfaces are
made transparent for ease of operation. Additionally, the selected probe face 1910 may

be made opaque in order to view surface 1912 through the probe face 1910.
30 The user then moves the probe face to 1910 to another position and selects new

control points, The user may easily move back and forth between previously created
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the probe face 1910 which nmay be interactively construdfePriMe® vi sual i zi ng
the data displayed on probe face 1910. Spline curve 1914 is interpol ated
using an algorithm created in the same way as spline curves 1916, 1918,

and 19%98%%?74#“ erpol ated. Spline 20 curves and v-culg(ﬁlisoéll% 1924, and
odu

1926, ar ced to forma grid. The grid outlines e di nensi ona
surface 1912. For construction ofthe initial spline curve, such as for

i nstance sp|.i: Lokt igAh S.aSuch as
control poi 43%1{;&&%55@9%%}%0@@%%%59 (k)'%lht gﬁ&ﬁéﬁg e!fl asc&e}quqo .Asi/ar kers are
produced atadditiessl splxktdudles peiddatedathd vequkved Mag alsy de Shbdthlysand Suicklyer pol at ed

bet ween the control points 1902,1904, 1906 and 1908. Control pojnts 1902,
1904, 1906 dn@rebts wagseohewlsaritim: nihs ysegsdernbly ereifgsmplu{ahafrvéﬁ line

i nterpol ati |1 c ' : : IS
sel ected, the egpjhe(g? Sa%%o‘%%ﬁ%rhﬁdg%%%&éé%n O%rrg@aé%? glazﬁgs%%?%érl\a?&fg% 81 égege of

oper atsi on. gl fine fraint yeshbidisaiededbéredbpeobe face 1910 may be made opaque
in order to view surface 1912 through the probe face: 1910, 30 T&,e user then
moves the probe FABETRAY HapLhe nrePegpdmAsong guTerp gl iginte ek axcorEN  cont r ol

poi nts. The,t | : - @fe&fe ; ' |y created
-39 25 Aprﬁo%gg%og’;?%@%&%&%&%&ggg%gtpne cg‘?’\?géﬁg}ly&g%l ecting
grid i nter sach asepiinesurvh 191, iAll ahes ggiine owrvd, 92 apsplitO3Dves A16, #H@i andonal spl i ne
curves are created, the v-cgurves .al so he snoqth and qui ckly

i nt er pol at é&zﬁﬁwt&ﬁwm%lse%wmm% ¥ gyte @F@’W@@f@gﬁ% a
plurghity i tubva I | ' G%Qt'i'ﬁ] PRSI Ayt hon of
surfgge 19%%1 IS 1 n{%%j%tt%ﬁwg?%%?%ye g at E énglc&??}rgeﬁf ?gé}ngnrg%%lée}s as

di scussed hdfitie sinbeuel91Themaisethe saye wilesp thehesepmotes tlengovenface b9 tor nor e

control points, sych as contr oi nts 190 1904, 1906 and 1908 to adj ust
The. posi b1 OBk PHES siete o Va2 g arebeadsty ot e Ae I PR EEPe 1014 AT
ot her spli ngdn i g&g emai n the
sanme while surfalggz%%Hf@%%gwg/&ﬁﬁv@?%%?gégﬁ%e enlst’%}gﬁgft}{rer ent 10

spl i ne cur ol §ilife curve H8pr obe face 1910 and the prior spline curve 1920.

The r.emai nder f. .the syrface 1912 r | ns t he, same,.unl ess. the yuser noves
t he 6?ove face i@%splil&ﬁ&‘lrﬁféﬁnagﬁ??ﬁ@%ﬁwwe%@wSa%ﬂefg%sléhefﬂ ‘oceeds to

dit th i ' : : t
e, A AR i I Rt ey

spline cur l'ace 1910 and the” pfior spline curve
1918. 15 Additrol gniats onphe prebedane)sash aseopntoe paiittd802) 4984 2006amil 3208 thespl | ne

it er sect i GRS U Hau0De aroop e DL bicignd fort 5 cested Gice g
intersection is selected, the user may move the respective control points within the probe
20 face 1910 that will be displayed as indicated in FIG. 19, and surface 1912 with its spline
curves and v-curves will follow interactively. The spline curves and the v-curves may
. or may not be displayed dependingon preference of the user. Preferably, only one probe

- face 1910 is displayed at a time for clarity,

FIG. 20 discloses modular system 2000 which describes the sofiware for
25 performing the finctions as described in connection with FIG. 19. In one embodiment,
modular system 2000 incorporates many of the same modules as used in modular system
1810 for producing a ribbon section. Thus, the design may permit amore general control
that may effectively perform both ribbon section functions as well as surface mapping
functions. For instance, cookie module 2018, polymarker module 2012, and polyline
30 module 2014 may be used in the manner discussed above relating to producing ribbon

sections. Likewise, probe module 2010 therefore again performs the functions as
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control points on the probe face, such as control poins AmB#2003904, 1096
and 1908, the wuser may quickly nove the probe face 1910 back and forth as
desired. Once a grid intersection is selected, the user may nove the
respectywi@ysast rol points within the probe 20 face ]19&?[[! wi || be
di spl ayeg a{s |£htndi cated in FIG 19, and surface 1912 w S%P?%ssspl i né curves
and v-curves wll follow interactively. The spline curves and the v-curves
- may - or My BlukSiofit SR SR VIBRERELNE i PERREEACK sPine1084, Yl

Pr ef er abl y,yp onl ny)ﬁne pr élbeS face 1910 ?s aéljs?pl aye atﬂgletlprre or clarity.
FI G 20 di swillolsebe oboatuidto bespailamo hOfylivks disvushedisreitdesore. Rroleahddnier e for 25

per form ng functions, as ,descri bed in.connection with FIG 19. In one
enbodi ment ,iﬂ?%ﬁﬁﬂeﬁl’l@?@c" %LP‘?FEWF)@P& @Q%WE%FO%HEWéE ffodul es as
used in m%ﬁes.wpeggﬁnémuwlom&aﬂbﬂo%nﬁomﬁgbﬁﬁa@g%ﬂ el e?iﬂme& the

design may permt a nore general contro that Tay efrectively performboth
ri bboh sectsudacebumenpingfeatars snobld suafcesi9®it? shown mefifi HYy CubigspliieomsiuleFor

i nstance, i e, modul e 2018, | ymar ker 2012.. an ol yljne 30

ol e 201 2hgPE RS iSO E R P R AR Pl B e leD o oduct ng
ribbon  seciipPRs fudeli@hat re dﬁf&%ﬁ&ﬂﬁb&@&ﬂ%}} ﬁ%x&ﬁiﬁ%ﬁb@&?&e&ﬁq‘h@.rfor”ﬁ the
functions as -40 25 April 2005 WO 02/ 37422 PCT/ US00/ 29835 previ ously noted

such as pr ®plinkd mgnagest 20281 pesfermsch nnbeg oif idifégent Foistions Wph aneredt®P4or whi ch

w il also bserved to be simJlar. tq the polylipes, discusse

her ei nbef O%g%egﬁ%ﬁéwﬁﬁhwg%@nghwﬁo cr 8$X§P6-Ff-‘%°te91 daf dUA®h as nouse
clicke and keuphs RE@and RrifeMBndfidhd. QWS iRlah&y, spliX® didhSr 2029Rh4y 2 dae nodul e
2016 relates to controlling functions for the editable 5 Surface or mappi ng

f eat ure suotitet s snrfase etribaeile nepardingretEb@es 210h aCotlvws, shpwingghergddl e 2016,
spl i ne manager dul e (202! line cur le 2022,..and.spline surface
rodul o 203k EPpity 70 e Rl e ipdie AR Reqts B GBSPURRIGH y | n
creating riehRtadef WhtRSplinoIRive By SRRABAIIRE APcrBAhE Mafiindkipihak of
different functions such as creating or deleting surfaces, changi ng node

f unct i ons. fof ciengesenade trgfthespline furees. Splingditfhosgnoduic 2024ants onlibe dlwngesl | as read

and ite functions. .For Jnstance | i ne _manager 2020 nay read and wite
to a 3urfad®® 5{%05?4%%?13%41 rc‘g SE'}FfSFF%G TP but es such as col ors, show ng

the grid, markpy wRLARS sy ahd SndiiodCof @@?ﬁé@ﬁx_t%‘%ﬁﬁoﬂ%ﬂﬂo@iﬂ%oﬁﬁ keeps
track of the spline curves, keeps track of which spline curve may be in
amrgam@etplgvu'

t he editi ngeephysicisis canmpore gaicldy uglize andinterreriesismicidata.o t he
spline curves.,Spline surface nodul e 2024 acts .on the changes 15 nmade for

i nt er pol at ﬁﬁﬁ Spﬂgfyrrg‘gﬁf”t %111)1531%081'1‘;?5(5%"?8# %B‘@%’S"’%ﬁs B@?‘Wg‘% kl‘i}é’“g?gﬁ% and met hod
of the pregemt, s naRh&BresE9Q 001 Sts and |

CONCLUSION ‘

While various embodiments of the present invention have been described above,
it should be understood that they have been presented by way of example only, and not
limitation. Thus, the breadth and scope of the present invention should not be 15m1'ted by

25 any of the above-described exemplary embodiments, and should be defined in accordance

with the spirit of the invention including the following claims and their eqﬁivalents.
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geophysi cists can nore quickly and accurately visualiz& ¥4il2R02rpret 3D
seismc data. This sharply reduces 3D seisnic project cycle tine, boosts
production fromexisting fields, and finds nore reserves. 20 CONCLUSI ON
VWi | e various enbodi nents of the present invention have been descri bed
above, it should be understood that they have been presented by way of
exanple only, and not I|imtation. nél'hus, the breadth and scope of the
“present invention should not be Ii P‘é&“gy 25 any ofthe above-descri bed
exenpl ary enbodi nents, and shoul d be defined in accordance with the spirit
of the invention including the followi ng clains and their equivalents. 25
April 2005 CLAIMS 1. A nethod for inaging a three-dinensional data vol une,
sai d three- dihensifomathod] furdmeging mthresaimpenisional glataplolume) saidy/hfeevoxel s, each
voxel CONRELSkiBeh fhdVe ' ' | Jocatiaon and a dataword, said
dat awor d belér‘?\lgl&%(lapr egglﬁlteg r?ﬂvrfgﬁg@ lﬁﬁgwg&%ﬁa ea&b‘f% SHBnsned net hod
conp#i si ngimessionl josgiontnd edawoningid dataeerddiciie Rpieasbdiivesuphisivgl pr obe, wherein
said three-dinensipon sanpling probe is the sanme size or a subset of said
three- di ﬁgﬁlgllnghﬁﬁm d’é%ao‘i\f&nﬁ??é",g’ sai d three-di nensional sanpling probe
having a probe 10 twmatingianleastpne heesfdaaasipha Ban@ng pidbe,GRRAR A Probe face in
an opposi ng prpbe .face | ang; producing a plurality of control points in
sai d probe facepiE: Sjmr?gfaalpﬁ?ﬁ ﬁ?%‘?fli?sﬁ‘lﬂcé‘%?rr%ﬁubﬁépmasd #®¢i ni ng one or
nore |ines on améxdioaﬁﬁh@vdlﬂﬁd?saiﬂt@:@@dﬂ@ﬁ%&ﬁﬁl@hﬂﬂin?pfob&ﬁ@iﬂg§1§}gﬁei on from said
pr ogﬁ face plane toward said 15 opposi ng probe Tace plane, one edge of said
ri bB8n sect i orf%5dt HEfobeRGFming3nd @ PRPOSIRE REOYS fackisyas oppasiag probafaces el ect i vel y
i magi ng dat awgfls; representative of said physical phenonena at
t hree-di nensi onal |ocations which intersect said ribbon section and said
t hree- di mensi onal PgieHiE; agjuiplity e conrol pintsTincsaidadtedamfplabaiaith 1, furt her
conprising: edjd ] . 1 ints k.h said probe face
pl ane to ther?&@%@@%@@ggﬁgﬁ%}r%]@ ?ﬂﬁsglg,szbﬁf E:eslfmeef’ldi ng anot her
- redefined ribbon sextnding af ritbon sectioh fombeidf mote fateapiene toward said

15 opposing probe face plane, one edge of said eibbon section being formed by said

one or more lines; and

selectively imaging datawords representative of said physical phenomena

at three-dimensional locations which intersect said ribbon section and said three-

dimensional sampling probe.
20
2, The method of Claim 1, further comprising:
editing said plurality of control points in said probe face plane to thereby
redefine said one or more lines, and
extending another redefined ribbon section from said probe face plane
25 toward said opposing proﬁe face plane.
3. The method of Claim 2, wherein said step of editing further compﬂ'ses:
deleting one or more of said plurality of control points.
30 . 4. The method of Claim 2, wherein said step of editing further comprises:

changing a location of one or more of said plurality of control points.
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25 toward sai d opposing probe face plane. 3. The net hod>chPdh280f 2, wherein
said step of editing further conprises: deleting one or nore of said
~plurality of control points. 30 4. The nethod of Claim?2, wherein said step
of editing further conprises: changing a |ocation of one or nore of said
plurality of control points. 25 April 2005 5. The nmethod of C aim 2,
wherein said step of editing further conprises: adding one or nore control
points to said plurality of control points. 5 6. The nethod of Claima1l,
wherei n sai d bi bboFhesealidde Claim Bewleeidisad bap of citingFtheptopiyrisésace pl ane. 7.
The method of Claim,1l, wherein saiE r.i bbon sectjon_extends fromsaid probe
face plane to sai PISFBERT WP EEO s {1 sgigeplurgligy gf conpiel pRiES0d of Claim 1,
wherein said one or nore lines conprise a plurality of straight lines. 9.
The nethod of Claim1, wherein said one ornore lines forma closed line. 15
10.5. The et fod ofhehethodof Claishdr whareis adid ribbdnsectiondcpemendicsaraonpr i sed of a
pl urali t%aiﬁf m%[e?régs 11. The nmethod of Claiml, wherein said

t hr ee- di MenSIORal Blra%%e has a 20 plurality of side faces perpendicular to
sai d probe face plane, said ribbon section being unparallel with respect
to each of said plurality of side faces. 12. A program storage device
readabl e by a’-machihsdnetiogiob§laimd, whesein grid mibbesf sectinn axtrods foorm s@stecut abl e by
machi ne : i ing a three 25 di nensional data

vol urne, gylbg?{cﬁgrgg&ﬁ?%#g% %%g@%gg?%ebo ume conprising a plurality of

voi@l s, each voxel conprising a three-dinensional |ocation and a dataword,
said dataworg bei representative of a physical phenonena, said nethod
conpri sing; dfspl rf&et%Pdp?fa‘ﬂémW’tWP‘ﬁe‘%é?lé Qnp 108 Qi Hpgs<GoBmESe dat a vol une;
produci nglﬁdﬂwsggi’ggﬂm@g_ control points in said plane, said plurality of

30 control points defining one or-nore lines on said plane; 25 April 2005
extending a ribbon section fromsaid plane, one edge of said ribbon

section being,forned b i .one or .nor.e lines; and selectively inmaging
sai d dat awor g?s r egﬁ%%ﬁlf"i?ﬁ(g@mgfWgeé?lﬂsaﬁ‘ﬁ%(’&’é‘fmlms orm aclosed Line.
15 ‘ _ ‘
10. . The method of Claim 1, wherein said ribbon section is comprised of a
plurality of planes.

11. Thc method of Claim 1, wherein said three-dimensional probe bas a
.20 plurality of side faces perpendicular to said probe face plane, said ribbon section being

unparallel with respect to each of said plurality of side faces.

12. A program storage device readable by a machine, embodying a program
of instructions executable by machine to perform method steps for imaging a three-
25 - dimensional data volume, said three-dimensional data volume comprising a plurality of
voxels, each voxel comprising a three-dimensional location and a dataword, said
- dataword being representative of a physical phenomena, said method comprising;
displaying a plane within said three-dimensional data volume;
producing a plurality of control points in said plane, said plurality of

30 control points defining one or more lines on said plane;
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phenonena at three-di nensional |ocations which intersec AREl#PP bbon
section and 5 said three-dinensional data volune. 10 13. The net hod of
Claim 12, further conprising: editing said plurality of control points in
said plane to thereby redefine said one or nore lines, and extendi ng

anot her redefined ribbon section fromsaid plane toward an opposing pl ane.

14. The method of C aim 13, wherejn said _3tep of editing. further conprises:
“del eting one or moPLEEdRE &ARPop sertiniffom s#d plapg. (e A 9t id ABPoRS. The met hod

of O aimi13, waasehdiBirtkithyeRdahe 6dhdi Nbest sHat her conprises: changing a
| ocation of one or nore of Said plurality of control points. 16. The nethod
of Claim 13, wher efcleciivglyd imagng efid eldfawonly epretdnttive ofipridsplysical20 addi ng one
or nore contrg oints.to said plurality .of. control .points. 17. The net hod
of Claim 12, R#%B%IF%agtg{ea'dﬂleﬁlﬁl(?ﬁalE’g&op%%m&ymﬁ@?‘ﬁ%%?@ﬂfléficu?‘baﬂds aid plane.
25 38. The netddthrfdifémionliia vohgleei N sai d ribbon section extends from

said plane to an opposing plane. 19. The nethod of Caim 12, wherein said
one or nore lines conprise a plurality of straight lines. 30 25 April 2005

20. The net hog-iof '@eﬁéﬁo?%fcmﬁrﬁifﬂﬂﬁe%%nﬁﬁsg or nore lines forma cl osed
, e 1

- 21. The net hod of alm réin sai Bon section is conprised of a
- 5 plurality of pl adiings@a plufdiity ofxohedl pintGnahimpkae tohat eddmried pl ane is a
probe face plane of a three-dimensional probe which has a plurality of
side faces petPEMFiCHOEIES 28 d probe face plane, said ribbon section

beiipg oriented so &&nflip I . said
plurality of side fagesg aﬁldgheggcdgigﬁegsﬂ'ﬂﬁknEﬁ%ﬁﬂ%ﬁ;{y@%ﬁ}%p‘%@%it%ﬂg%ﬂ

t hr ee- di nensi oppabingiplere. vol une, sai d t hree-

14.  The method of Claim 13, wherein said step of editing further comprises:

deleting one or more of said plurality of control points.

15
15.  The method of Claim 13, wherein said step of editing further comprises:
changing a location of one or more of said plurality of control points.
16.  The method of Claim 13, wherein said step of editing further comprises:
20 adding one or more control points to said plurality of control points.
17. The method of Claim 12, wherein said ribbon section is perpendicular to
said plane.
25 18.  The method of Claim 12, wherein said ribbon section extends from said
plane to an opposing plane.
19.  The method of Claim 12, wherein said one or more lines comprise a
plurality of straight lines. '
30
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di mensi onal data vol ume conprising a plurality of voxel’s AmHZAYoxel
conprising a three- dinensional |ocation and a dataword, said nethod
conprising: positioning a face of a probe at a first position within said
three- dinmensional data volume; formng a first set of control points on
said face of said probe for tracking a physical phenonena described by
sai d three-di nensional data volune, said first set of control points
defining a fird8t sphemethed pf/ dainnid; whereinahid ohe oemor lived idrpprolosedt 0 a second
position yithin said three- dimensional volune; formng a second set of
control points on said face of said probe for tracking said physical
phenonena, said second set of control points defining a second spline
curve;, and interpolating between said first spline curve and said second
spline curve %o déhs methed efifrlaim 17 wherein sid ribben seefion is eqmmsisedafat i ve of said

physj cal Hﬁﬁ@%? 25 April 2005 5 24. The method of O aim23, further
conpri si ng: di sp?lg?ﬁsng the surface representative of said physical

phenonena, said surface intersecting said first set of control points and

sai d second s of _contro oj n{s. .25, The_ nmethod of Caim 23, further

conprising: i %er pgﬁea’fj?thﬁ‘l Bfe({')l@dé[éigs’ gfﬁlnfsﬁﬁdﬂa”%&aﬂpb%@mﬂﬂe ‘_ﬁ@i nts to

define saggbeldihdhbionsl BrdbB WhicH by ﬁ%&@?ﬁ&%&%kb@&cﬁ&la\“&%&t 'dﬁﬁ')b@ second set
a

of control points to define said secCond spline curve, east one of said
first spliapreplengs spid riban sestion belegerignieg ¢ aenat tor heeparallel toef legst onerafi | i near. 15

20 26. The. f. im 23, further conprising: noving said face of said
probe to %ﬁn}r?ﬁ?g@s&lﬁa%ﬁ. within said three- dinensional volune; formng a

third set of control points on said face of said probe for tracking said
physi cal phengnena, said third set of control points defining a third
spline curveZdandAiBetkedir dmpgieg pduopdimenstons! fpte solussy saié tsea-ve, said

second s PdinBRidaHIa4 voldfE comprising a plurality of voxels, each voxel comprising a three-
| dimensional location and a dataword,y said method comprising:
15 positioning a face of a probe at a first position within said three-
dimensional data volume;
forming a first set of control points on said face of said probe for tracking
aphysical phenomena described by said three-dimensional data volume, said first
set of control points defining a first spline curve;
20 moving said face of said probe to a second position within said three-
dimensional volume;
forming a second set of control points on said face of said probe for
tracking said physical phenonﬂena, said second set of control points defining a
second spline curve; and _
25 interpolating between said first spline curve and said second spline curve

to define a three-dimensional surface representative of said physical phenomena.
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said third spline curve for enlarging said surface. 27 25781 200%0d of C aim
23, further conprising: editing at |east one of said first set of control
poi nts and said second set of control points. 25 28. The nethod of Caim
23, further conprising: formng a plurality of v-curves which interconnect
bet ween respective control points at said first position of said probe and
sai d second pogj ti I i 2005 10 15 20 25 29. The

nmet hod of C a%f 28%?E{C%hﬁgi’fj%%%?#g%%&@@ﬁ#ﬁyi ng said spline curves and
sai d v-curves, sai displyingéerecurfaesememntatial of syid pliysi@b plepomtnagsaad gr i d
representative gf said physical phenonena, said grid having a plurality of
i ntersections %&?ﬁﬁé%tﬁrsgcﬁp%saé‘ﬁ%sﬂfgt Agpeten] point aadsaifl speendsiebcortiol  The net hod

- of Caim 29, fpb[l;tg]er conprising: selecting one of said plurality of

i ntersections, and noving said intersection to thereby edit said grid. 31.
The et hod of O aim29, further conprising: selecting one of said plurality

of intersections tg.there eposj tign said  face to pass through said

i ntersection. 32. %ﬁ%mﬁ@'?‘%%é%‘%% PP Eher conprising: sel ecting one
of said first set @fterfelinp@etvReh Bid ARNSkt SPEGUOESRARS 0 REnOSaid §RNTr 0l points
to thereby repositiaon saig face to pass through one of said first set of

control pilipe erghpddntprpolsiesheivesa said seaophsat of coptplpoints B3lefiftsaidret hod of
Cl aim 23, t SPAPL TSNS f@}@ﬂ ird ..of cont.rol points on said
- face of sséa{:(gfdgpo e at’a'{sté‘?%kcfr}g IBIQFS%E pospﬁ?%ér%&esagﬁg&ggﬁcf’!ﬁ&?é{m%WpecontroI

poi Wt s deffeiing angyilinetnhi rd spline curve; forming a fourth set of control
points on said face of said probe at said second position, said fourth set
of control points defining a fourth spline curve; and interpolating between

said third sphine ¢ ¥enadstGahthsl fithbitonpliling curve
' moving said face of said probe to a third position within said three-

dimensional volume;

15 forming a third set of control points on said face of said probe for tracking
said physical phenomena, said third set of control points defining a third spline
curve; and

interpolating between said first spline curve, said second spline curve, and

said third spline curve for enlarging said surface.

20
27.  The method of Claim 23, further comprising:
editing at least one of said first set of control points and said second set
of control points.
25 28.  The method of Claim 23, further comprising:

forming a plurality of v-curves which interconnect between respective
control points at said first position of said probe and said second position of said

probe.
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to define another three-di nensional. surface represent ati VP di209% ot her

physi cal phenonena descri bed by said three-di nensional data volune, said

t hree- di nmensional surface and said anot her three-di nensional surface being
defined substantially at the sane tinme. 30 25 April 2005 34. A program
storage device readabl e by a machi ne, enbodying a program of instructions
execut abl e by chi,ne to performnethod steps for inmaging a three-

~di mensi onal daﬁ \%l%?o@zmwe@%rﬁ@ﬁ%%l data vol une conprising a
plurality of voxedis ia%PHSS gBﬁs%h:f‘Q[ hpee-dioensional |ocation
and a dataword, sai zFne*t od S95 ccé)]rrpri s(% ng: @“’%%Eag%s. |oniélsga%§ pl ane at a

- plurality of pidneupsdomingreridireprisentativiedf dald phgsicaliplrrosdnaald gddt a vol une;
formng a set,of control pojnts. at, each of said, plurality of plane
positions subh ur%‘gtxﬂPIB Tsgetiogs helyeegsaid Spifne SIvB AN 544 HpvRRs a rel at ed
spl§ne curve; and interpolating between each of said spline curves to form

a surface representative of a physical phenonena described by said
t hr ee- di nensi dhal Hemeethodef Glabm 23Furtipncomprisingd of C ai m 34, further

conprising: display sal d _sur.fage representat.ive of said physi cal
phenonmena, said %éirezf:tgjgeg?entoirsglgc?F‘ﬁggfeﬁgﬁﬁwmég}sdaE tNGFRE 5Htr 0l poi nt s.
36. The net homtendectidnas thedBy editdaideid. conpri si ng: interpol ati ng between each
of said set of control points to define said 20 related spline curves, at
| east one of said related spline curves being curvilinear. 37. The net hod
of aim 34, furt Lk 8109+ ! ne.or nore of said control

p_oiugt s. 25 38$HTh2%Een%ho Og@a%%?’n@f?b%l'"gr conprising: fornmng a
plurality of v-cursledinglohectf saidtphiraliip ofintersoerione Rithdrel8emiitiég saigont r ol poi nt s

at said plur a%aé:ett\épgsfsﬂ?rhgg%%aﬁ%t!e}séc%gﬁ 25 April 200510 . 15

Cr

32. - The method of Claim 29, further comprising:
15 ~ selecting one of said first set of control points and said second set of
control points to thereby reposition said face to pass through one of said first set

of control points and said second set of control poinis.

33.  The method of Claim 23, further comprising:
20 forming a third set of control points on said face of said probe at said first
position, said third set of control points defining a third spline curve;
forming a fourth set of control points on said face of said probe at said
second position, said fourth set of control points defining a fourth spline curve;
and
25 | interpolating between said third spline cm-'ve and said fourth spline curve
' to define another three-dimensional surface representative of another physical
phenomena described by said three-dimensional data volume, said three-
dimensional surface and said another three-dimensional surface being defined
substantially at the same time.
30

-47 -




25 39. The nethod of O aim 38, further conprising: dis&ﬁ&ﬁ?ﬂ&oggid spline
curves and said v-curves to forma grid representative of said physical
phenonena, said grid having a plurality of intersections between said
spline curves and said v-curves. 40. The nethod of Caim 39, further
conprising: selecting one of said plurality of intersections, and noving
said intersec4i onatgo Qﬁ%@l%@@éiﬁ&er@aﬂhﬂe?iﬂachﬂé;e iiBh BRdrgf C ai m 39,
further conprising: selecting one of said plurality o? fntersections to

t her eby r efp@sifuctions eseguipbls) bynpachine ja perfarirmetbil segisdfor imagingedhieon. 42. The

met hod of (1 al. her. Lising: .selecting one of .said sets of
control p#ﬁ@é@&ﬁ@ﬁ%\é}%ﬂﬁ%?arl%t%gccg}?ﬂtup%ﬁmggidam551%18c %ﬂsﬂ)%sas?l"crﬂi%?f;h sai d one
of sai d sedxelsplacipRrélicompiigithree-ditendbitl IBBAH00 shdefda@lveidRadhmethad t her
conprising: form ng another set of control points at each of said plurality
of pl ane “PEEF¥Lons, such that each of said another set of control points
defines another r I : i LN ween each of

sai d anot her spli n@%@%&ﬁ%ﬂéﬁéﬂﬁﬁﬁ%gglahé;%ér%{t@g‘l’e%&eu&%g@en Fative of

anot her physi clshensivesldaevaludescri bed by said three- dinensional data

vol unme, said surfage and sai.d anot her surface, being forned _substantially
at the same time formygasetof control points at each of sa}d,piurahty of plane positions

such that each of said set of control points defines a related spline curve; and

10 interpolating between each of said spline curves to form a surface
representative of a physical phenomena described by said three~dimensional data

volume,

35.  The method of Claim 34, further comprising:
15 displaying said surface representative of said physical phenomena, said

surface intersecting each of said set of control points.

36.  The method of Claim 34, further comprising;
interpolating between each of said set of conirol points to define said

20 related spline curves, at least one of said related spline curves being curvilinear.

37.  The method of Claim 34, further comprising:

editing one or more of said control points.
25 38.  The method of Claim 34, further comprising:

forming a plurality of v-curves which interconnect between respective

control points at said plurality of plane positions.
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10.

15

25

25 April 2005

39.  The method of Claim 38, further comprising:
displaying said spline curves and said v-curves to form a grid
representative of said physical phenomena, said grid having a plurality of

intersections between said spline curves and said v-curves.

40.  The method of Claim 39, further comprising:
selecting one of said plurality of intersections, and moving said

intersection to thereby edit said grid.

41.  The method of Claim 39, further comprising:
ée]ecting one of said plurality of intersections to thereby reposition said

plane to pass through said intersection.

42.  The method of Claim 39, further comprising:
selecting one of said sets of control points to thereby reposition said plane

to pass through said one of said sets of control points.

43.  The method of Claim 34, further comprising:

forming another set of control points at each of said plurality of plane
positions, such that each of said another set of conirol points defines another
related spline curve; and

interpolating between each of said another spline curves to form another
surface representative of another physical phenomena described by said three-
dimensional data volume, said surface and said another surface being formed

substantially at the same time.
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