9 May 2006 WO 02/ 37422 PCT/ USOQ 29835 SYSTEM AND METHOD FOR . ANALYZI NG AND

| MAG NG THREE- DI MENSI ONAL VOLUME DATA SETS *167167* BACK Jobg THE

| NVENTION 5 FI ELD OF THE | NVENTI ON The present invention relatés generally
to imagi ng of three-dinensional ("3D') volune data sets. Mre

partiwoloast4@2 the present invention relates to fast PCTRSeN3983sti on and 10
anal ysis of structures within 3D volune data sets. RELATED ART Many fi el ds
of endeavor re@yiSTEM ANDIVIRTIOF FORCA NARYZINGAND IMAGINGens| oﬁmmwﬂ“ Imm“”"”m

vol une data sets. W% Ib&Aih?omﬁAlfA h a CAT (co

axial 15 tonograph anner or resonance i magi ng (VRl) «gguice
Is used to produce a "picture" or diagnostic imge of sone part of a
patient'g unbUF BEARVRNBK MR device generates a 3D volune data set
t hat needA to be imaged or displayed so that nedical personnel can anal yze
thé i mage and form a diagnosis. Three-dinensional volune data sets are al so
used in various fields of endeavor 20 relating to the earth sciences.
Sei sm c sounding is one method for exploring the subsurface geol ogy of the
earth. AppdpoehatPuwnieigse! osi on or earthquake excites seismc waves,
simlar to | ow frequency sound waves, that travel below the surface of
earth and ar&mmmnw@wﬁmmmmmg@wwﬁﬁm eddnd the tinme
of arrival the seismc. bot es. Know ng
the tine %WR} ﬁ*}t%ﬁ?@ @tor‘il??gm@%]?@g??f {}n% 1§[%c %c%g% Sﬁﬂm@)ﬁ/ﬁ%ﬁof travel of
h]% wav egnat &wg@u&.ﬁ&mgn%lmﬁese@al cul at ed and used to nmeasure the
ocity of the waves in the interior. A simlar technique can be used for
of fshore oil and gas exploration. In offshore exploration, a ship tows a
sound soyrce an underwat er hydrophones. Low frequency (e.g., 50 Hz) sound
waves ar bé’FFé’r Bd by, for exanple, a pneumatic device that works like a
bal | oon bur stpafgel800 el oG irethE andysls@all ithapidy of thed-githdnbionslea | oor and

are picked up by the hydrophones. In this manner, subsurface sedlnentary
st r uct ur €8Dtrafune data seis) Forsttxetmpbsmftbﬁjms@calﬁelddéc M@pnmmed afd " mapped”

gg‘[sts he r ef lo%%a?p CB scanngrsor a magnglctréasolngn I;.I'(I:)li(l:gel.ggs &\QRf) EC‘HCC 1 0 pl'OMl?l ure data

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 to the earth sciences. Seismic sounding is one method for exploring the
subsurface geology of the earth. Anunderground explosion or earthquake excites seismic
waves, similar to low frequency sound waves, that travel 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 inierior. A similar technique can be used for
offshore oil and gas exploration. In offshore exploration, a ship tows a sound source and
underwater hydrophones. Low frequency (e.g., 50 Hz) sound waves are generated by,
for example, a pneumatic device that works like a 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 trap oil, such as fauits, folds, and domes, are
"mapped" by the reflected waves. The data is processed to produce 3D volume data sets
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*@00002* 9 May 2006 WO 02/ 37422 PCT/ US00/ 29835 that include a reflection or
seism c anplitude dataval ue at specified (x, y, 2z) Iocatiorg;Mag/iszén a
geographi c space. A 3D volune data set is made up of "voxels rvol unme

el ements. Each voxel has a numeric value for sone measured or cal cul ated
propave 92/37¢22g. , seismc anplitude 5 of the vol unmePar/us®assssocati on. One
conventional approach to generating an inage of a 3D volune data set is to

cross-section the 3D.volune data .set intag a plurality of.two- di nensional
(o) it ahudsciiptipuo ot Srmidatnibite deyind afpifed i v & s a sor | <
then bujitin gecirdpBitRpsel € of the 2D slices. For exanple, the imge of the
3D volune data set is generated by stacking the 2D slices in order,

back- t o- f r ontA 3R wdiumieaiatasetipowile ewof] "Woxels! Or ¥olumerplewenss. Fashaoxethe user sees

the i mage being.built.|layer by |layer.as. th mosite . arows.. Al though the
user car®s 3RS TAe Lo, X Mﬁ’i%ﬁﬁ&dp&p&u Rt ipioBSe e s ¢ he
CORPOSI tdf the Falifin kit @S locktisn. (Onddbitvetticial @Ff@alﬁ@dn@maﬁim@eto@@hni que is
typically slow, particularly when very [arge 3D volune data sets are being
used. AJM volomeldaty setrinto cregsispation ey Vo wluwp data setdnip ipplusalty of s t he user's
field of .view w XL | | ' ith the
user's adt'i?‘le?s&?\é\ié;igﬁ)é{%%?egﬁ@\#éﬁg{??@é@ﬁggﬂﬁ?g?g?ﬂélpgg e%E ﬁ?lg}sy I nherent in

the 3D wiilbas cdaipdsi®r the QDIHibése Fosaxhinple] the intage bthe3 D evlemedstd setpeci fi cal | y

for imaging 3D seisnic data sets for the qoil and gas industry. Exanples of

such | c ortg generasedehy S@f‘)‘lﬁ@ﬁ ther2Dhilises in pder, back-tafrontygudibenepmpositadiinB| o fr Io mb I
> o & ! !
£ o 1| AR ER, Tl BPBine hange Beion Wi 5y B u5 S e piARe 208 201 ©

Such conyews.i Aidluglc BieRsEr edn & the irderRallbepaaizationer sttivtutedfitis vehoieas t hat

preclude a user from quickly and accurately visualizjng and interpreting

f eat ur esthe perapasite imags gsowpthedradiional Fiegandqompesits feohpiaptis YRS ut er  pr ogr ans
for visuglizi | ' lsStiirE P PEdadicRal he full 3D
vol une oS?lJ’Vlé’éagj%u%HggP%ﬂe%Wé%Eggﬁléﬁtdﬁﬁ? every 1%%9 a coan éth:es made, such
as a chadlige #nd ddafotiteateshdqenciyttar thopaaist field etf't viewg switht lxtrdnedds 3D vol ume of
sei sm c data nust be proces@%ﬁ, and t,ge | mage, .re-drawn.. Even when such
pridgr ansinformations aprhinggrigres witbrthe usees abitity 4o, el VisRlizo tUPISIEet ¢ he del ay or
lag in rg- ' ey ' eptible to the user. For a 3D vol une
cont ai ni%%tq"tfggdhrgf%’égg?%&es 0 ul{lslgld&s{?n&% data, it can take on the order of 30-45
30 seconds f aTomysuter eoftwaekds bpenaigrvelopedispecifieallly fanintagimg 8Dspilbmicdaianage (frane
rate of 0.03 to

sets for the oil and gas industry. Examples 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. Bven 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 megabyfes of seismic data, it can take on the order of 30-45
30 seconds for conventional programs to re-draw the complete 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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0.02 franes per second, respectively). During the 30-45 second delay tine,
the mnd of -2 9 May 2006 WD 02/ 37422 PCT/ US00/ 29835 the ugfjs s focus
on the feature of interest, making it difficult to conpletely an properly
anal yze the seismc data. Some conventional 3D seismic interpretation
progr¥AE2HMEY i de the capability to visualize and PRT@SW2335a piece of the
full 3D volume of seismc data. The user identifies 5 the coordinates of

t he sel et @Gerflb®Rs Foohs dn dhd RitreCoTITBIRE, mARing MPdfficalt tb bensleklyaingd pi ece is
drawn. The sel ected piece can then be rotated, if desired, at that

| ocat i onpropasygaelyre the seisiplatat a di fferent piece of the full 3D vol une of

i smc data, . | oW .Qqi
Contat i vely | SECOREIbEY b St AR B Gorh b le g Bloab BT 1 o
coor di nayigsliz@indtiiverpitt b bieceoTthefhlt SR volame of eisai date (Tha useeideitifissnage i s.

drawn containing the different piece. The interryption jn the displayed
i mdge ntireeorfinags pf the selectadicop wia a raeny @W@-uépi@ég%#ﬁﬁ%ﬁﬁﬁfeﬂui ty between

the two pieces t V. f iSidesidat 8 gye been
I maged. | sﬁi rr%té%egﬁ? ﬁéel%égepri&se cgl%ﬁéﬁtb?/ mttaga’;slmdgsrl%?’eiﬁ anaéciagent ify the
geol ogi cHbwate e $odknth different piberofiite fulh 3D veluinel df sé@nicdlbtanmcloés tosei sni ¢ dat a.

Addi tionally, even though only I ece of the full. 3D volu of seismc 15

data is %PWQ?\BF@PE‘F@'H&@&&N@B?E})W&HW%H kntlgﬁts%‘? imee ‘Pﬁé’r"{)ret at idon

pr ogr ans. : e, ; a to draw
enti isSdoawe £ ¢cO Thp i agmpability to

"auto pick" and identjfy poipts, that satisfy a vg{éel sel ec%]i on al gorithm

~ However, m@*ﬁ?ébd‘%'ﬂ?i_ tg‘?‘_ GRSI0 iR izE ARX coppRiy bEtWeRR BGATHO PIREFSP fhe 3D vol une of

sei S ¢ 3 btulnd 8Fleiskite ddbEeRHaN Boch ithecd2 i iipddBEtny Qaepd atiflyeCt i On

al gorithm Is'Is tinme consumng even on a high speed graphics

superco nm;hterpret,&ddi idehtgfmaﬂelhyplogio tﬁaa_mlnegsithm ate ﬂib)en'sm:thmf&lﬂ |3Druoh1:cn|mrc€t a’:] i on

prograns do ,nqt prqvi.de the cagpahility to dire ete fromthe

B0l Teot | SiPTai e Addhiontcvet ongh ooty § it ity ol oRt SRRt 5 11 om ¢ he

cojq ecti %aﬁineiﬁé@i%i%@d‘iﬁﬁf&?éd?wﬁ@énﬁ@na?ﬁ)E&é&ﬁ@ﬁi&ﬁ@@ﬁm?ﬁ%éﬁhﬁh&nﬂem erpretation

prograns is to repeatedly adjust the selection criteria for the voxel

sel ect i oproa¢sgimgithd il 3B volumeef spigtistdstatto disey thé inmgptherchyf ldwingthesi de of t he

sel ecti Oaisﬁlri %ftﬁll a f%qt he displayed points that satisfy the voxel

sel ect i of RiFHBY T HEC “EXEWTi me the selection criteria is adjusted, the

i mage nust b%éﬂ%&ﬁdﬂﬂﬁﬂiaﬂmﬁrﬂrét&foﬁtpfdgﬁamsﬁi&ﬁdﬁﬁedaﬁab‘iﬁtﬁﬂ) 'e@@sum ng, and

interferes with the visualization process of the user.

pick" and identify points that satisfy a voxel selection algorithm. 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 directly 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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30 Thus, there is a need in the art for a systemand nethod for imaging 3D
volune data sets that overcones the deficiencies detailed ﬂﬁﬁMﬁm
Particularly, there is a need for 3 9 May 2006 a systen1an% t 08 t hat
re-draws i mages of large 3D volune data sets in response to wuser input at
a rate sufficiently fast that the user perceives an instantaneous or

real -time change in the image, w thout perceptible delay or lag. There is

a need f Qrsyqem¥sd RIEMARNthat ARERADER 0! BRiONS vaulS Qi s8s ite§loR&idb Vel Y change

the displayed image 1n a continuous nahner, wthout 1nterruption or
per cept i bise injwik atya rate shffigientBufast that the siser pemeidesamt instahtanaousial real-timey a user to

more qui ckly and accurately interpret and identify features inherent in 3D
Vol e e Be e RplpersERbI ek ey AR b e oA SSEmAd pr esent

i nvent i OfpndtodthdtA6Wsla hkr @ BdEcAValPEAnFEMB Attphdd inABelnyZ bdgingd | magi ng 3D
volune data sets using a 3D sanpling probe and other interactive tools. In
one aspedadnanpér, without intemuptiom or perpaptiblsdletayror ilaga Guelya systém end diethedsi onal

vol une data,set conprising a plurality of voxels re each, voxel conprises
2t hr oo RtiERbr GRS SeleBd il Reiny uabd e oPBH GufS eSS, ort | <
repr esentiaBp\vsluftle data s@gflysi cal phenonena, e.g., an anplitude signal rel ated

to a particular position wwthin a geobody. The nethod conprises creating
at | east one three-di nensional sanpling probe, wherein the

t hr ee-di i i is the sane size or a subset of the three
~di nensi oan%ma%ﬂ% t hr ee- di nensi onal sanpling probe has a
probe face planénbodinienpsfthepe@atindniiogisadiredctaitoARpaem aad pembéfdrace in an
opposi ng probe face plane. O her steps include producing a plurality of
control poalbiag apd fmagng Jpeohmedatayseinusing a 3Dt pampling proheyand| qthey of contr ol
poi nts d%{e&&i@?@olsor nore lines on the probe face plane, and extending a
ri bbon section fromthe probe face plane toward the opposing probe face

pl ane. An edgenainetaygect ob lRningetibn, o nietholl ofbrmixelagiyy & kreedinedsionadr e | i nes.
Anot her step of the nethod includes selectively inmaging.datawords
r epr esentolymeedagy set ¢qmprising aipluplity REVwis Fehess each vexel gompNises 8 HHPe-| ocat i ons

~which intgrs t el e -di [iRalrgampl i ng
pr obe. Ac%?‘%?)h%l ltg%tlgllﬁot zg(ria asp%gfﬁgﬂﬁﬁ]gﬂ?ﬁétgﬁﬁéﬂ% t gdre |50f[§)rovi ded a
progr am physicah ghendmens e.gr, @aadapliteddsigral rabadil toe, pagtivobd posidprawidtimgr am of

Inst ructions exgeutablq by mmchine to perforp method st eps for i moing a
probe, wherein the three-dimensional sampling probe is the same size or a subset of the
three dimensional volume data set. The three-dimensional sampling probe has a probe
face plane in a probe face plane and an opposing probe face in an opposing probe face
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 prdbe.

' 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
-4-



t hree- di nensi onal data volunme conprising a plurality of voxels, each voxel
conprising a three-dinmensional |ocation and a dataword, sgpg @gbgword

bei ng representative of a -4 9 May 2006 physical phenonena, sgi met hod
conprising; displaying a plane within said three- dinensional data vol uneg;
producing a plurality of control points in said plane, said plurality of
control points defining one or nore lines on said plane; extending a ribbon
section JHyQHl PRbbnkhaANGid ABMo® daBp@Hing displafing Roplagewithiakaldehig- f or med by
said one or nore lines; and selectively inmaging said datawords

r epr eserdimepsionaldata yolymenpreducing a plustibneheoniol poipisdo griddlirotid | ocati ons
whi ch i &%ﬁ? ' -] ﬁﬁ}u’ﬁge i o b [ dat a

vol une. n‘}&cco g?ﬁ%ﬂtogp%frlltgtg er agﬁgeog?n%?ﬁ?eﬁgh?ﬁstg%%?ﬁ@hﬁgrgermPG;H provi ded a
met hod f section fixany said) plane, lone edgti ofsaidi ribhan seftiom being formed byiseld ohe ee- di mensi onal

data vol une .conpri sj.n | ural Lty 0f : Ising a
t hr ee- di%ﬁslpgﬁg%dl Sg’!:eg |e’ilnPma %‘%ggtg%%?é s%ﬁegtgﬁn%t %@%ﬁi‘:gﬁ ri {si ng:

posi t i onphegorferhac threafdimenionhidocdtions Whitls intgrast daidribbonisédtion asdisail

t hr ee- di pensj onal cl ta vlol ume; formng a first set of control points on
sai d fa@?"?ﬁ‘fm‘?’éﬁoaa;aﬁllﬂﬁly«g“frﬁr tracking a physical phenonena described by
sai d three- dhpRafih®2dnothdt aspe@lofils inSéition,f thérs tis provided a atiodofor pOi Nt s
defining a first spline curve, moving said face of said probe to a second
posi t i onim@egingi A eceimensiopalydatanQlgpg said Jhisrdimensiopslndata Wit set of
control ' i f ' &ﬁ% f hddGi hatphysi cal
phenomen‘?ab,%['lljs;ligllﬂgq é‘%gfrl]tg Ofggtsf%éf? e?:%ﬁdr;‘gllo poi r§t g ad%“;ei@ﬁﬁg’g‘émgg%%ﬁ@hsm I ne
curve; awmdl adatamoph bad mathod conprisings pasisioning atfaceof b probe atrafisstaesitieni d second

- spline curve t.o. define. ree-di | f 4 ive of said
physi cal W%ﬁ%ﬁgﬁ%.‘i%g%%r #%agt;a ?Oégggg?%ﬁéﬁgggﬁsz%Og%’%f]hg%l“ﬁ\élglpn%a?%n, there is
pr ovi dedfade [of Ggidapiobs tfer agekingdeui igsicalaplehbmery descritedhby eaidethixedyi ng a

program Qf instryctions execuytable. b chi ne.t.0 rf orm nmet hod steps for
i magi ng H?“@E‘[ g‘f‘t’r‘rﬁ?ll%n%‘fdc t 3¢t 96?‘3%8?8%‘% efigipg Ei"ﬁiswg}?s‘i“’évﬁal dat a
vol ume cppPihg $hiddack off shi@bioby 0k seeotdl gositioA VIO ¥Ad teedificaiingl a
t hree-di nensional | ocation and a dataword, said _nethod conpri.sing:
posi t i onvelgme; forminga seeendyses phiseapt poivss opsaif dacs 96 saiq BroSe KirthFHng ai d
three-di %{ﬁﬁﬂi&aﬂ ptRAb A0l Second Qétmfraenmsp%husoaemgtar QeoROiphhs at each of
said plural Tty of" plane positions such that each of said set of control
poi nt s dedrie;@sd mtarpslating detsyskn spid fxgt spline eurve andkseidsotond isplipelsarvaden  each of
said spli curves. to.fo ce . ' physi cal phenonena
doscr petBy sonetpisbtl e cipis ARtk ol SRRkt HenBinefh.

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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The nethod may further conprise steps of editing the plurality of control
points on the probe face plane to thereby redefine the ongé\@r g@ge i nes,
and eswe@ozsmagza correspondingly redefined ribbon sectiREI/U %98 one or
nore lines on the probe face plane toward the opposi ng probe face pl ane.

The step @f | 1] ther ri P ; 835

functi onsﬁglﬁﬁ aéu%gtaag?é}e&]lé%oonrﬁg ogﬁﬁgr%rdgﬁg? P ﬁﬁgﬁﬁﬁ%@ﬁﬁ?ﬁ%@%ﬁ%@f@%m nts,

changi ng Rcatiditetdnedr for®aftheplubdlitg opfdonidatpgihts] @id dddingfone ontnond cqmtvoht s, and

addi ng one or nore control points to the plurality of control points. In a

pr ef er r edpeintsaditheplurality ef eonisbpodtsct i on i s perpendi cul ar to the probe face

5 plane and the ribhon sectior e : to the
o ¢ pp 3o Eabo e s TSR SectoR T belBrBf e b B0l

opposi ng probe orm ng e of the

1 bhon segfhondMRY ribBof §ictiel may i@ okt e ptobedideipjandiio thenppedingpiobe s t o
construct®a plurality of open straight lines or a closed |Iine ge%otggtrl cal
i

figure, ifacdgbincedtEmeor ploonlinasdorming ithe gsige pEthesibpon sertiongray bst
plurality of planes. The ribban section or, t | _with
respect t#we ePi‘Ha]é‘ﬁ’ opRige £°H€i§/%°o‘f°n§gﬁée/t afpé%rgg&oqr}%pﬁgg%?ﬁg{é@ye? i glnot her
embodi Menty atd G sBEASERAL ittt ddiltcd MR iroh GedioftigrBrablpabhphsdat

physi cal p enomeng, such as” a geological fault, the nethod may conprise the
steps of apngalityefpiuges. Ehepitboa séativa npiyeoranayt na be parstlelpwith wespest td ¢ashn t he
t hr ee- di nensi onal vol une, da glset and formng a first set of control
poilBt s onof aplysalip ©f sidedagss fEtheRIPYS. 1 acki ng a 15 physical phenomena

descri bed by t = i | LiYE n ok ho 8lBRiculRY

i ncl ude i nterpgﬁg{lﬁgﬁ%@{)%@%h?@?pggt se?&g@nzgﬁﬁego ﬁ%glien S p'?lgw(‘jlefi ne a
first spl ipAgsicdl pheom&da) suichsdsengeotopycal finllt) de: wethbd graytvenprizs the stes afecond
position within the three- dinensignal volung da%a set, ,forrg'(nag second
set of copositpnipgiths srobs feceplanesba first pesitipn yilun Be thregrdimengt V‘gﬁ?’gi cal

phenonena .and j nt grpol at i e t of
ont ol pdnfet SebToRBnE 4 B R SoRRHRTHs M e pibRt ek £ESAMRET,

-i ntyer pol aphpdicAl phblidiferl dRE AR the téadiendpsionslonhimeddta kel Asthepetepur ve
and the second 'spline curve which is representative of the physica

phenomena mapHachde igerpblating detvyrenithe Srstipefoif gontee] noings tondafing el Baskeplingr f ace

Socond setuP L e Himribytal Povirkeht pdB (i B EO O RhR Blfhb e
i nventi on gihatsiddy® vblunhsd dallset) forfilihy £ secof QRKbITBhirdIGH0EME VR tidBrobs fsequent

spline curves are curvilinear. )
plane for tracking the physical phenomena and interpolating there between such that the

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




Addi tional steps may include the reiterative process of noving the probe to
a third position within the three-dinmensional volume data §gfay2086M Ng a

t hi r dywagbdyefsacontrol points on the probe face pl ane f @ciusiokdssg t he

physi cal phenonena, interpolating 30 between the third set of control
points to define a third spline curve, g

( nd interpqQlating 5 9 006 WO
02/ 37422 beteesty BoEingctice q*@ﬂ%@@@@itﬁ%&e{fwefﬁws%%ﬁ@%m i ne,

Curtace R ugRie fRs SRR stk defros B e o B S o ho

may further comppidesieedst®pSmethod afyefirthen Tonlirise r RER e6ettas valiteg tthel
points on the probe face plane at respective positions of the probe. 5
Mor eover , respresensiviesanirohpoings po the nipkgiags plage at respective prsitions ghfieareben (v

curyes") tween res tive control. points at r i ve..nosstions «of the
proBe. AnOtFEIVELy 'ﬁ%% el lﬁ@é‘dﬁl @?g&%ffgﬂﬁ ¢ E‘i%?l%h%necc H&\?Zs‘; g‘%&% ﬁe
V-curves @BiyelR rdspEive dbiRol PolitPdt réspeétieDositibhofté pidBe CANYIBEr AYmbe
v-curves forma three dinmensional grid al'so representative of the physical
phenonenainclinde displaying thewspline qurpetiarsl the y-aufves ondhs thred dimengjenalsurfacene

spline 10, curves and the v-curves,. The nethod pay,further conprise editin
t Ee curreﬂf‘e%lfnedﬁuweé@ﬂ the v-pvet formg thiss dﬂP%‘ﬁé‘“%’a@é‘d SQEpresq 89? °

r eshapi ng s L b G : ; i t he
b or " spi Ry Sl pRERoAG, Th 6 MNP iR U o R e B e
sell@ct i ngcarves afd theev-phuvesi| Thy mettiod may fintiet compriseoediting deyeurrepbsitbfon t he
probe face plane to pass through the_ selected 15 intersec{iqn, The nethod
al so conpreried peinteer theprobriase plane, thexeby seshaping thy sugs@mﬁ gt betuieen,

repositiog t f :ﬁrﬂﬁ ough the sel ected set of control
poi nt s. ea@gﬁgﬁgﬁﬁg%@? a %ér)ﬂ)sggﬁ‘?r%é\r?&of the nethod may conprise steps
such as posi t Pesterablythempihol talaise invlwiestepk suchpk seledﬂntgwnséftheglbtdmyl S

wi thin the three-dinensional volunme data set, formng a set_ of control

poi nts at o Huersentions to {hereby renasition the praberiagecplany (9| neasw thoeush the seledfed h t hat

eagh set r 0l~pOi i nes .a r : | } r IL.tlonin
t hgllgpr obem%rgé)&%ﬁnar%&arh%@%?‘gg) 681?%{1 ?er?gs%L%{"ﬁggﬁgf) %@%pﬁ%uro\éﬁp?@@foﬁtﬁﬁ ne °
curves t %&ééfxﬂ’a@oéiﬂiﬁxﬂﬁe giore HadePedle t6 Piss AnBugieHE ssleattdbdt bEcdiitrol Py si cal
phenonena. FEATURES AND ADVANTAGES 25 It is a feature of the present
i nventi on t hat >iate TRyt pd ambp: ogthgm Ay gompristheiepsatich s

Stated anpthe embpdisegh ofithe methedhma i6thes b

ol ural {y POROEH R SRR e P ERER T aRtb T bo R b R BB Himbosity®f one.

The |inesvBRie data set, forming a set of control points at each of the plurality of probe face

-~

20 plane positions such that each set of control points defines a related 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 sysfem, 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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be drawn at angles offset fromthe coordi nate system such as an x, y, z or
Cartesian coordinate system of the 3D sanpling probe. 30 dal Soggrot her

f eat urwo®/3t422 present invention that structures in a SEEﬂstlloxr?sune set,
such as for instance geol ogical structures, can be quickly mapped by
selecting points -6 9 May 2006 WO 02/ 37422 PCT/ USO0/ 29835 of interest at a
pl ur al i ty ofintérestat & phsality of leeathamsdmihe 3iDgmpliog probghwhich pointmaythyn bthen be

o G o 2 aemoTad © Dl fe a8 qu Sirit T BT Al T B Ay Heikg | e o
the Surfa%aitaymﬁfhl%%rbwnﬁ iyd ﬁg&sﬁr@wis intsdnlthe bifA8 oy RBREMSS ghigat ure

of the present 1 nvention that, a user Interactively noves a sanpl i ng
probe t hr anglsecticd®. vol une data set, the imge on the surfaces of the 3D

sanpling probe_is re-drawg "on e fly" so that the user perceives the
i mage changi ng IFﬁyefr?@QFhe\é\?WﬁPétge Hﬁ%ﬁ%ﬁmﬁﬂn W%ﬁﬁ?&"ﬂ&elﬁ RAYES

Simlarly, | | VA : | FBHQ h a 3D
vol une dataaﬁzse%ﬁi?%remgﬁ)@@g |anﬁg? g?lggg\éﬁg%%\@o uggurl{et% ere‘%gv?n&‘ﬁueoj\gryi ng
degr ees Ofsafnphiis probe iv-dravim U rethklly™ so that thatuséripercsives theipngethaaginglie | mage

changing in real-tine with novenent of:the 3D s'a%iyng probe. It is a
further faealdine withonevesent efthei 30 apmpling prabe. Jimilaely, eamuseninteraetivele| y

h he sh i 26 of .a.3D ' he. he
orge o SRR IR b Pion’ sEHETHED, WhyRE RE SR D Bl Btbels, |0
usefg per CRigkifige téidctedBRRh i ABgreés ofl Radspavendy "éh Wetfiy't Setiah 8R0Gsek N shape

or size of the 3D sanpling probe. Simlarly, a user can interactively
change t heeisivoe therinwige ehariging BDcaldime wilh movsoent of the 3D samplis@pratenpl i ng

be i | ) i th ' d f t " the fly"
probe, s vol U, LS et b RE YL degnces, 2 L aneRRLency anLfe T
in shape Qe SHap€ or Qfzeldta ﬁﬁsﬁﬁﬁ!ﬁ)&g PYbLOEO B tl%oin:{atg_e'oil t4€ buracks! b ﬁﬁ?[l)j eature

of the present invention that a user can interactively rotate a
sanpl i ng amplingprobh i retdrewn Hewthedly" stthabthe isergerosives the iRBgesdapgingdn pr obe

Is re-drawn "on th | y" so.,that the user perceivyes the i e changing in
eal5 t i e Telime WHB the fhanegin ghap@ 198 S%Ogﬁwﬁﬁ? Wpémgwé@ esiSHmlan WA USET yser

can inter is : i at l4vng probe
o vol um i Bl tiinge B3 SRRTRY 8 23D Mnpil plob o HAAR I P 27
that the uamplipgepobeiewolidne rendegd wittovagying degre¢sedtrahspaeenciv'érhtht flg" s®t at i on

of the 3D sanpling probpe. . .. . ) ) .
that the user perceives the image changing in real-time with the change in shape or size

of the 3D sampling probe.

20 1t 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.

It 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.



It is yet a further feature of the present invention that an eraser 3D
sanpling probe can be created and mani pul ated by the user gt,@aagj'm tly

del et VO PUH42h i nage selected points that fall w thi nPETAENE/29835 dat aval ue
range. 7 9 May 2006 WO 02/37422 PCT/US00/29835 It is an advantage of the
present invention that a user_can manipulate a 3D sanpling probe to
interactively %/ Vaat%cwfvﬁpmeaame@@p that & yser sanomanipulaty & 3P and

i mge a f ' V, f e .present i.n tion, that a
user can apifiiiprbbeloinReleidrh B e Pl il antdi B ESRRu oy Al
manner, Wihigud féafiir@r ruption or perceptible delay or lag. This allows a
user to nore quickly and accurately interpret and identify features

i nherent in 3DIVisla nedvavtage of the presepdinvention that e widy et mdmractivelihe
present inventi.on.. that,.the 3D sanplin robes, can be i.nteractively

r e- Shaped %gf’ e displpyqdimage the ‘f%g’gg?fbfgﬂgwf’ Q“QWPBB‘PE?“F‘QH% P%%‘?m‘fm’gl% by 10
enabl i ng 4biRy 68 Gig. { Phib GRORE a k&8 b€ gRRRIyIRl deCurbRfy BXLBRE o] iRGRRPII C

features. A still” further advantage of the present I'nvention is that it can
be used t featirexiimherent ingd1d volumerdatastets ar ge vol unes of 3D seisnmic data. The

resent inventiqn can.be used to i ckly and accurately identify drilling
: ofdhes

sites. The pre: TR yet g fyEnen aélt‘fa%t%l’ F%&E’&Hﬁ‘l‘tipn:% the; S%P]élllﬂaﬂgbys reduce
wel e, ange STy 16 shdokR by 1 s RBancR MRS FReatb B e MY o e

ThdOpr eseanabling ¢ usentd bette sisnilbe dndidéfing thé exteniod dedloghefeaampanyi ng
drawings. In the_draw ngs, |ike reference nunbers indicate identical or

functional |y sAmtilfprtheradyandagenf the presantinvantionis thatitcandpusaddovisualize (s) of

-'a referen | L e . rawing in.which the, reference
nunber firglg(% ma{%%g%rlésrgg Ef’@‘&egs%ﬁtg\i?ssegs%égg%%bWﬁ@%se%fm‘ée 'SPCGRAPE “8‘?‘{ ogr am

st ruct ur eqhiokly andabeuistely identif drifing sidsl The peRéhtaventibfcartadvitidBecusy 0CK

di agram of one enbodi ment of the 3D sanpling probe program of "t he "present

i nvent i onbe pped tozshapplyigednce ALY seismicyprojest ¢vele timasi toyboast proflusticn fromof

daygval ueéxisting wells, and to locate additional reserves.

BRIEF DESCRIPTION OF THE FIGURES
The present invention is described with reference 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 software 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 showsaflow diagram of one embodiment for changing a default
30 probe;



FIG 4 shows a flow diagramillustrating one enbodi ment for inplenenting
the present invention, FIG 5 shows a flow di agram of one g ygent for
changing a default probe; -g 9 May 2006 WD 02/ 37422 PCT/ US00/29835 FIG 6
shows a fl ow di agram of one enbodi nent for creating additional probes;

FI G WOIRBMHA2 a |l ow di agram of one enbodi ment for REHUMYE8HEr obe; FIG 8
shows a fl ow di agram of one enbodi nent for re-shaping a 5 probe; FIG 9

shows a fl ow di amof o enhodi ment for rotati a probe in 3D space;
FIG 10 shomrsg£&‘?qr 0 °8’.Sa@:ﬁ%¥$a%ﬁ*8 8 6‘8i?f8ﬁ?‘f1"i’18&gff’5‘frg"tt’f"ﬁg a probe while
fixed in space; 10 Fidondtprsfagns a flow di agram of one enbodinent for

carrying out auto picking or seed selection; FIG 12 shows one enbodi nent
of a conput er FEgst eshoswiatflalyldéiagfans ofane emhpdimentifer podsgaprobeivent i on; FIG 13

shows an al t egpat nbodi gent..of a conput er.system syitable 15 for use
with the presgﬂ‘?‘fn%ﬁ?i% ?Wﬂ@aﬂﬂggﬁgﬁglg?ﬁ#ﬂe rﬁeé%i’ﬁpllnggf an exenpl ary
conputer system sui pabd,e for use with the present invention;, FIG 15
illustrates three opaque probes of the present invention, with two of the
probes i nt er sE&Gi hgshesisia flowriiagrane of grie@mbedinient fos rotatinge proheee probes of the
present invention, aﬁ?ta robe, a transparent cut probe, and a

vol une-r ender ed proB‘e; PP 17 illustrates a ribbon section accor di ng to

the present i FY€NO shdwsA flotvRagedid BorRfenfbodindht fol tdating@ pidtews a bl ock
di agram of a system for producing the ribbon 25 section of FIG 17, FIG

19 illustrates a thwade fxeddmsiaegial grid and three di mensional
10 FIG. 11 shows a flow diagtam of one embodiment for carrying out auto

picking or seed selection;
FIG. 12 shows one embodiment of a computer system suitable for use
with the present invention;
FIG. 13 shows an alternate embodiment of a computer 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 F1G.19.



surface representative of a physical phenonena described by a 3-D volune
data set according to the present invention, and FIG 20 s§ FpoB! ock

di agram of a system for producing the grid and 30 surface of "FIG19. .9 9
May 2006 WO 02/ 37422 PCT/ US00/ 29835 DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBOMQRTE2 Overvi ew The present invention is dir &TA§0K2Y8R system and
nmet hod for anal yzing and inaging three-dinensional ("3D') volune data sets
using a ﬁD sang i n robe. 3D_ 5 volune data sets conprise "voxels" or

vol une elEHIKE .EE&EETIOHPEITHF?REFWIWD‘MWW within a volune. Each
voxel cagyhgidpPressed in the form(x, y, z, datavalue) where "x, vy, z"

I dentifies tf’ue 3D location of the point within the volune, and "dataval ue"
i s the val uellefpreseneinvanion iedirestedc il o systetre ahdamethod Bdrenalyzipg wad cal

paranmeter at the specified, point within the volune. For exanple, a 3D
vol une darea&wgefgfes- pemsiopal (5D gle}umet ta §5 ustng 3 sspplingusehe: o i s 3D
seissm C gggelﬂi wl " IS ) t as (x, vy,
z, 5impl |?ﬂg‘§§d W t &Sa ﬁ%ei ;v ﬁxe ?&?&%@hﬁ?‘ﬁg %%8ﬁfﬂ(gﬁgan%ﬁb§eﬁo§§8%]t reflected
sound wwithia aavplunriee Fagiemxélicenlbg exprassedan the darat (xoy) z, datayalfhie)whesd “xi nf or mat i on
that can_be.expressed in the voxel, for , Y, Z, . datavalue) is suitable
o useva% ACSSRBSORE T foatiny ot B anint P volimerend e e, 15
exanpl es ' ' 4 ' | b on..f: cl osely
spaced \/\glihlié)(lmo%gﬁ Igérag%rﬁ]gf an% a@éﬁﬁ%})@é df :ﬁg#dg%?péréﬁr}%% xremg%en@f'én‘g%nat_a, and
si descanpainteithin thegeludet For exaniple, agEovagne data sqb kyitabledbr usafwdthrtaé i on coul d
al s0 include, tenperature, pressute saturation, reflectivity, acoustical
i n@edanc@r,ese&f‘r’&"%'f’ﬁb“i .elsﬂﬁ‘b&”ﬁ%;ﬁa&bﬁ?’f‘gﬁ’ﬁ sefsgic daia.cag e eamessedvent i on i s
for m ni gigy, RlanPKB), Rith kiiBlitudOcobe§patling tOMERE RMCARAB DGR t O Visualize
and interpret geol ogi'c and 3§ophysi cal data to locate mning sites, to
| ocat e awaves atibk speeidiog (%, 3, 2)dodatiomi ned, or to locate and track geologic

features such, as.fault.s.that uld affect mning operations. The present
i nvention al <oMhigm plfl{ogﬁ%}%’h%oi’ang"eeg’wnifﬁedoﬁn @5)‘(8’&1??%95'&’0&5, or ot her
types _Of dMBRBIR) is shRdblERATR Rith Eﬂ%%réyeﬁtﬁﬁ%nﬁbﬂwﬁmdd%ﬂ@&iﬁﬁc‘d% dto
visualize and I nterpret data 25 representing the geographic extent and

di Bt r i buesapplesifronhithe il and gas indusarringledel information fragu closely smaeeal welht i on and
} 2£ erpr efo%é, ig?a@itg' and’ x%gén%hc Iiglrds,-%ﬂlgt% is r}sxzrfg%%ta,calm%las?degﬁn %na}/ ?nrla{g% Lé%ta.Si tes, and
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 a 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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devel oping a clean-up plan for a particular site. The present invention
can al so be used with informati on outside of the oil and 0§ y r%ibgblstry For
exanpl e, the present invention can be used for anal yzing ah o 'ng in
the medical field, where the dataval ue el ement of the voxel is obtained
fromwO @AIN422 10 9 May 2006 WO 02/ 37422 PCT/ USO0/ 29@83/USeaRRpdst er i zed axi al

t omogr aphy) scanner or a nmagnetic resonance imaging (MR) procedure. By

way of explanation and exanple, the present invention will be described in
det ai | béompuigtiredgaxish towbgraphy) deanaerer 1 magaticviesonmeedmegingdMRD t is to be
under st oQd, however, that the present invention is not limted in any

way to tﬁe“ﬁj *of 3D seism'c data. The present invention is particularly

useful as a VBpuay o2 éipl@midn@id ekafiple,therbdeat inVdaitios WilPRI gltribeddt a. As used
herein, the term"visualization" refers to the construction of a

t hr ee- di fetaib belpwiusipe 3D seismig:dates the 3D velumerdataget. Jhisdp beundsrstepdo| ogi ¢
feast u;gtsE ud)kééatﬁ%lsprgsg tp}? Fg&ﬁ %tﬁ)ﬂﬂéd araﬁ%w&sor ntI Q sent in 3D vol une

data ur e or para |caf‘°1“§’ not apparent
from conugatlonal means of processing 3D data sets such as scanning a

series of cross-sections of the 3D volune data set, because of the nental
reconstructi o"ﬁth&ien%‘@HﬁoméP%WM“&ﬁfélaisﬁv’é\“ﬁ’é‘?t‘mé?‘ﬂ B’fﬂg@t’mﬁlﬁg rrent ally

"pi cturespldien; tdl{ae%s %lte‘;@ lﬁﬂ“&e%‘%@@%%&"%&e am)ng users the

reconstr UCt Ion, 1t | t to 15 conmmuni cat

sanme 3D ﬂﬂ'&g@neﬁsi&nakmamdiﬁthewba‘saamboﬁiﬂymwmt@b[ognmﬁorphﬁldaer rain will
not necessarily be present in the ‘f’i’? of , every person _that reads or

an¥l yzesparamgists &hsreatly present in 305 ‘B‘&Frdaﬁéﬁtso$“°bﬁh¥m‘tabfeﬁ%ﬁq of Thr ough t he
f
use o BEe %Hta?%gg{%&g})p%%?\% ﬁ(%ﬂv gxilﬁﬁé?me 'of %cs‘s g@rﬂ] ifigt e _and

share, sane ta se VIS I zing 3D seismc
data, a beissudhias gaohings seiss oﬁﬂysgmnbgmdtsns;plmdaﬁng; beemrssofthel i nt er pret
the visualized data to nmke, expl orati,on grg_d product i i)n deci si ons, such as

dri | | i ngmeatabieraucqnthapneedsiatake placgdn apd yserde mentoths wioRrs'he on f unct i on,
the pr esaﬁee alﬁl\éﬁgisﬂa%mss BedfusE Uik %entag&e%eﬁyuﬁéugnemg'mmt Qf texture

mappi ng and vol ume rendering. By "texture map' freant wrappi ng or
mappi ng aolbupicate andshare danmmgaises the same BDamage. sﬂbwmnmic thdmme 315 exanple, a

TN MR RN TR A T
that reads or analyzes a two-dimensional (“2D") contour map of that terrain. Through the
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 onto 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 a 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, beﬂind or in front,
light or dark, etc. The perspective or viewpoint can be changed so that the viewer can see
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di mensi onal object in a manner that conveys to a viewer the

t hree-di mensi onal nature of the object, even though the vj hofgy be

| ooki ng at a two-di mensional display or screen. Conputer graphics

t echnol ogy makes use of coloring, lighting, and shading 30 techniques to
conveYOowd31ke nmind of the viewer what is high or | RET/ENE?2H8 or in front,
light or dark, etc. The perspective or viewpoint can be changed so that the

Vi ewer cap see - 9 . 200 02/ 37422 PCT/.US00/ 29835 all sides of the
3D ob)j ecta‘.lii %?su?éﬁpeﬁg%eﬁg £ YPTRBS Fefering, Itm‘é’élys'(‘}ﬁ{é‘g"tsy??é“eofype of
transpar %ﬁéﬂaﬁ%@ﬁb%aﬁtf QRAGlyY1 Ftrdusparddc P RRASIZ0 WAk oA faRl ofifle §Pat certain

parts of the 3 obj ect are nore transparent, thereby allowng a viewer to
"see t hr obigataromerstranspetent thereby allawringyiewer tafsde thiough'| duter swrfaesd]

structures. Th resent invention enables fast visualization and anal ysis
of very ?‘%PB%%”B&V@ Ilﬁsﬁ%teﬁlﬁpsém%%‘teg' through the use of a "sanpling. probe",
al sg r ef er r ed The pRedn® invefondnabley R8RS/ isudlizatil Har@lRkia oF very Ag£3P! ai ned in
more detail below, the sanpling probes of the présent ihvention have

numer ous Vatume; datg sets throyeh gt ushof A "sampling prabr’s plsarreferrpd tackdrtip aspeat ed as a

3D sub-val v Of I I d <6t to be vi ' d
anaisyze\é?'p ,'%gg ,&gn%rrgrgegory% ggg l%"%éy %8??%@%%0}%88%"@%&%&%@%@5?”si zed, and
noved i ipréedaiventidnhatenuidtous s fbuis ik 6f viich ivihed tReyal tysiballRredatia set. The

i ntersection of the sanpli ng&&robe wi th the whole 3D vol une data set is
texture 8ppPsubelyme el the okl volume date set tmbs visvglizedepdanabizediol une r ender ed

W varyi ng ge [ 1.t hi t a ' probe. As used
-hetrlgi n, the tg?r%ﬁlﬁlge%tée}];%%Z@gg%)b%g%wgr%%a?%esp%ﬂaT gl?éedl’ s%gflomﬂ‘ggchangi ng or
re- dr awi rigteantivelgelbyethe nset eéthinrthewhsle 0Baplunteiata s8f. Fhelimbsectioh bf tieent |y f ast
that the user perceith\;tggy n instantaneous or real-time change in the inmage,

wi t hout PFRlEgRrefleavi olg 8Dy vglyme dtasetis taxtuse mapred anfe thefuefaess at | east
about 10 e ] p ' . o C] i | pt.eractive
g ng. b PR eR s Rl wib oty Bpleed G ABBAB WINRL L O g
probe, suhdsaampliby ptobt.i Akised hemin, theaggi Migéravdveh of"inteRihwely" refoss tiser 20
pergeives the textyre on the surfaces of the sanpling probe changing in

"r Al -t PRAnSHE o re- B ileaA Amage 1R FREPAnSF9 USHdnp Blasate sufficisatlsfstthatng probe
changes | | . | . le | del ay or
P e R A G R R et

vol une- r ekeligoethgatlh piabtiteps frainn rath oBatrteastisont 100 15feames por sedbwYiact i vel y

nove the s Iin%‘g@robes t hrqugh t he whql e 3D vol une, and nore easily and
ef f ect i vEPResEt (gachieye 1nteragtive imaging gy dascrited hergiy Fopexample, e pses| par aneters

that are jvesB sanilinB pRobkMich as by "clicking and dragging" 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 phyéical 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, software 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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geogr aphi ¢ space represented by the whole 3D vol une data set. SYSTEM

DESCRI PTI ON The present invention may be inplenented using R@S&W@ée’
software or a 30 conbination thereof, and nay be inpl eman?e i'm-a conputer
system or other processing system One enbodinment of a software or program
strucwong3e) for inplementing the -12 9 May 2006 WOTARO00204332

PCT/ US00/ 29835 present invention is shown in FIG 1. At the base of program
structure 100 is an operating system 102. Suitable operating systens 102

i ncl ude, presentdreemtiore is shownUNIEXGr ). Atgh«v baservd prygrare rstrucnre\i0Adows NT(r) from

one. o sipritr o 1z, Siiafl oabe b S it sy SR 008 ™ °
overl ays o@&@ﬁ@m@x@%mﬂa&@memomw ﬁtﬁ:,%pz‘nh&% Rratiflg 1S used to

provi de various nenus and wi ndows to facilitate |nteract|on wth the user,
and t o olsystéems assequld bgappatgrido prssefiskidlin thegelevdstart. and wi ndowi ng software 104

| ud
(registereq « MimmRif PhicPwinkoBhuns bs pectift Srtsing et R | anc
MOTI FTM fdnddvang Séfevees! 104 BABdeiooreNiddReiduatindahe wisdendas cRMithEC. ) . AS

woul d be readily apparent to one of skill in the relevant art, other nenu
and wi nddniemegionsyithihe user; and telobipia gsen puiadinstryctipass Meng prdvindowing br ary 106

2Pl i oat i°onte 10 ol 126 ORI Mihith WHREHEE RIS Syl YO
funct i ongregitetedr trRdbniayk Mwsss@dh&w’w qasdtmtbr@ﬂ Yechfiflogy)C bl ggOf™ exanpl e, 15

geonetric and raster EI’I mtives, col or index node, display list or

i miBdi at dregisteecd tademprkg QPR?S?ﬁ&’é!elFﬁgnan%@F%rAﬁa‘t’?%befe@d%ﬁﬂ?amjltand shadi ng,

hi dden s n I asi ng,
texture #é{))rge%%alflﬁﬁ{m&gleﬁae@la@%ﬁw #SE{FAHHM ﬁ‘g& %aze‘}l&rﬁeé‘g?back and
sel ection, st artmbic gRphiosiibraft 06 aRelayliheitiafdwindowing Eofivdide W4PBagit cul arly
preferred ba5| c gra hics library 106 is CpenG_(réPD?%/?gi | able from Silicon

Gr aphi cs,8rapRie Of)lsawaawtcanwmamn@zgm 3Bgemerter) APl is a

mul tipl at 29“”‘%5 ?ﬁﬁl operating

system %E%epen ent %pn%u@ ‘?)}s&%{cgﬂj be (‘:Iml‘l‘hgb e’ ig%%c Ct+,

FORTRAN, géctacteiadnd MH@rmuﬁwsanﬁBAg)rlcalbghdgﬁaodemepl@_ﬁstbr petddites each of

t he functlons Ilsted above for 25 basic glaphl (XS} |br%ld\(/! 106, Sonme commands
[

in qOenGL"Q s?ﬁ\%ﬁgfay g fri tigns, lighting and shading, n surface
removal, alpha blending (translucency), anti-aliasing, texture mapping, atmospheric

effects (fog, smoke, haze), feedback and selection, stencil planes, and accumulation
buffer.

20 A particularly preferred basic graphics library .106 is OpenGL®, available from
Silicon Graphics, Inc. ("SGI"), Mountain View, California. The OpanL®_ APlisa
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 bec.ause OpenGL® is network transpatent. OpenGL®

30 is described in more detail in the OpenGL® Programming Guide (ISBN: 0-201-63274-8)
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be drawn, and others control how the objects are handled. Al elenents of
the QpenE.(r) state, even the contents of the texture nengpfiydadst he frane
buffer, can be obtained by a client application using OpenG_e/r). QpenGL(r)
and the client application nmay operate on the sanme or different nachines
becaweotyyennG.(r) is network transparent. OpenG.(rpcBOsooregdescri bed in nore
detail in the OpenG.(r) Programm ng Guide (I1SBN. 0-201;63274-8) -13 9 May
2006 WO 02/ 37422 PCT/ US00/ 29835 and the OpenG.(r) Reference Manual (1 SBN:
0- 201- 63anbthe PpenGE® Refdrense Maphal IISBIN: dF-201wi32¢64 pthe dntirety pfbsedh ofl. her ei n by

reference,.Visual sinulati.o raphics library 108 overl ays basic graphics
library m?{a{ﬁl_gtf’ﬂm‘g‘%ﬁ?ﬁ‘&grfg‘?{@ %phics library 108 is an APl for creating
real -time, mMiishalRiRAEARA BApREY litRary | BRrlaYs Bldic3tabRBs 1hAP 10 VigRp! | cati ons.

Vi sual simulation graphics library 108 provides functions that bundle

t oget her sigrdgsion @eaphice libragy $Q%isandditfoniredting eeal-tims, multifpracessed Gt i ng,
material s exture, and trapspare .. These functiqgns ck state and the
creati onvi‘?\’éﬁ 3‘8%"!";51°8§"‘Pf‘1‘§i?%{‘]%§‘t’“5c YM@W@%@&%&F%WE@HM@%m arly
pref er r efinglisrddhat Stk Qlabthét ggatpa%b liBiBryl stdds @nttollfdfctions duch &s [igithng! Mer. 10

available fromSAE in Muntain View, California. RIS Perfornmer supports
the OpeR@tetials, texawhiand transpprgnay. diheseufynetions askestat mddhPerdatiomef i ncl udes

two main gl | i Libpf, and. libpr, and four associated |ibraries,
|ibpfdu,dF*’]g%ﬁﬁﬁ,ﬁ‘%f?aB&FB‘f}‘,de@%g“ﬁ"i bpfutil. The basis of IR'S Performer is
t'he perf or mang partieigey profrrkd Vsl Simblatii graphick Blyary! 168 RIRIS HefFRfnferpr OVi di ng

hi?ﬁh speed rendering functions based on (eoSets and graphics 15 state
coHtrol awilabje dransiSiilein, Mopnaip ey, Ealifgrmice c {Rh Rerfirmgr suppotte theonet ry t hat

group sa G’I% G L0 Lyl I I or..guads) into one
dat a obj Q?ﬁ 5& @Qggg’@yg{é%%&.‘%&?\b&gse%%@ﬁ é}:@pggﬁe®°%ﬂq§/l) e|)S’r1t ers to data
arrays alibpfiand isprurdfsr. asieitedSibragied, libprdu, libpfdt] itphe Send Nibpfufe0oSet are of the
sanme type and_have the same attributes, rendering of nost databases is

perfornmed at Heskasisof BRISHResoanes itthe perfamancgrendenineoiiras ligpnplows 20 state

definiti [ i £ an L red.above libpr is
[ bpt, ot afeec prod bl e it PG e bbb OB s B!

hi gh- per ftetermimad usitg GeoSutex EweSdsdrabrietions oftkavwdl: gyskethataéuopt | M zes use
of rmultiprocessing hardware. The database utility li'brary, |ibpfdu,

provi desSaREEPe ABNeHIImItves (6:4.tHanglss A Qadikinie one dafa abisgs p Bl GeeSet at t ri but es

of SD oblsifiiftnoyosh: i%%ﬂto%{yﬂ%&ott%?ﬁ)@glg{tyggrgdsi%&&%%flﬁé&ﬁfesauttﬁé angle strips

from i ndependent® pol ygonal
primitives in a GeoSet are of the same type and have the same 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 libpf, a real-time visval simulation environment 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 appearance aftributes of 3D objects, shares state and
25 materials, and generates triangle strips from independent polygonal input. The database
library 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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library libpfdb uses the facilities of libpfdu, libpf, and Iibpr to inport
database files in a nunber of industry standard database §¢f ¢ The

| ibpfui is a user interface library that provides building bllocks for
writing mani pul ati on conponents for user interfaces (C and C++ progranm ng
| angugges3m2d-i nal Iy, the libpfutil is the utility Ipcbrseoyessdsat provi des 30
routines for inplenenting tasks such as Mil ti Channel Option support and
graphical user interface (GJ) tools. -14 9 May 2006 WO 02/ 37422

PCT/ US00/ 298 38n Applévptitd mregramihap nsey IRIS) Peifatmen snsOpiiGE. @PAPT typivally and

OpenG(r) API t al J carry out the follgwi ng steps in preparing for
real -ti nﬁ%%ﬂéﬁlﬁﬁ PR IP greparing fpreqlitipe 33?9‘“?‘%!1 W8y mer; 2. Specify

nurber of graphi cs piipald €S PegdiRese the 5 nultiprocessing configuration,
and specify hardware node as needéd; 3. Initialize chosen nultiprocessing
mode; 4. |nit2ali zeSpeciyre nugber aofd sraphidsr apipelines,enchopeel i thy; 5. Create,
configure, and open_w.ndows. as requi.red; .and. te and configure
di spl ay channel s as Theratpe °@1f§§faf‘ﬂ% ﬂ%ﬁ?ﬁ"@%ﬁ?@ﬁ”ﬁr‘%@?é‘ﬁ] has created a
graphi cal renderingnRad;ronnent by carrying out steps 1 through 6 above,
then the application programtypically iterates through-a min sinul at| on
| oop once per 3 r anelnitializghepamnanldgr ﬂ@ﬁﬁmgsmodﬂpdate nmodel matrices, etc. 15
8. Delay unti) the Perfo m,] atency critical vi evvp0| nt
updat es; 10. J*Draw %ﬁa?%&%em%ﬂﬂgﬁﬁ%ﬂ‘ﬁ&x%? lc&r ogram 110 of the present
i nventions over | aysChtel@nfigidé) afdl nahhdUWsQE Qiréd ahd brary 108. Program 110
interacts with, and uses the functlons carried ouf by, each of visual

si Ml ation anf gr aphieets and eanfigyre display phaondls gprapiieds 1ibrary 106, menu and

d f
oS 19, % R Sen RS WP A Bl AR 1 1 s one
invention is grGRy @hlsiepsvl ithrbsgh 6 ﬁbov&&h&ﬂth@hpﬂfehﬁ&fb@@ﬁaﬁdtyﬁfcﬁw anm ng

| anguage to allow the creation and use of objects and
iterates through a main simulation loop once per frame.

7. Compute dynamics, update model matrices, etc.;
15 8. Delay until the next frame time;

9. Perform latency critical viewpoint updates;

10.  Draw a frame.

A 3D sampling probe program 110 of the present inventions overlays visual
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
to 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
C++. 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 6bjects so that they have the following attributes.
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object functionality. A particularly preferred object oriented progranm ng
| anguage is C++. In carrying out the present invention, pg 3od 10
creates one or nore probe "objects". As noted above, the probe objects
created and used by program 110 are also referred to herein as sanpling
pr obew @r7ppsobes. Program 110 mani pul ates the probecr/8éhoadzsect s so t hat
they have the followng attributes. -15 9 May 2006 WO 02/ 37422

PCT/ US00/ 29835 A probe corresponds to a sub-volune ofa | arger 3D vol une.
Parti cul ar | y,A prope aimesponids to a sib-eolundefadirgdr BBvolume Paticuldtiya irblee conpl et e

data set ,qf voxels for.a 3.D yolu data sef. A_.probe could be configured
to be eqﬁneﬁ"cﬁub‘ etcﬂg"é o thay e\‘i&ﬁ"fqﬁeﬁc .%H{)Yoé?léfogé Qvglé"fmléftas‘?fo?(el s 19 or a
3D vol ung pbeof8 be citifigulel fo e£aa4IS g§t¥nsﬂfev$i{ﬁet%e§)\§/o§ﬁféﬂéddt§%?§l¥e ion is best

5 carried out when the probe corresponds to a su unme an fines a
sub- set vdxals forsa BR yeluntetdata seh butctherfilnetienatityt of thecpreseht moentibs iftest a 3D vol unme

dat.a set. Far ex e, 3D vol une ata set of .seismc data can contain
frdm abo?ff“%ld’b‘?w_ﬁﬁmhwg%ﬂnggﬁpof‘ el uggnd @‘_?eﬁﬁﬁ gt leffor e of data.
A 2,500 mahime eoxgplb@aaa@atoﬂmag R BBD voRfedatabet! Fatiedhpld R3DSBhME C data

cont ai ns_about GB of data. A Erobe of the present invention for a 500 MB

10 sei sndata sghphseismic dotaceh gnntsfinefrom|ahowt $AO MB) (mtgabytes) @ gwudB) 68 data. By

i - the | .3D vol une. i f
dat a1 heoP BBk oo Bl & 4R Pheg kilbipt RoBEn et o B e s °
dramat i Citisiic dateebaeRR abdul 8 GBVE dafdCAPASHE BEthé PRseaPiReshtivh foRa 380 08 t he i mage

can be re-drawn. The volune of a three-dinensional cube is proportional to

- tH® t hi r ¥isgiedata gat worldipsefergbly comtain 8beiit 1838 Mihef dafa. t he t hr ee- di nmensi onal

'_cube. Li kew : ' f in D volu data s i

pr opor t i onal %%ou%r%%k %%\%%pﬁi-gélﬁmg ﬁgﬁw%ger Sbsvggqn}ce&’eﬂ%&bf%tfe, t he
quant i t ydatothathmusgt belprecessdd andieltiiwid for dadhof 40y of R i@k I8 Qramakibal
proportional to the "cubed root" ('/) of the quant%ty of datgei n the

| ar ger 3todyesiikercbyincragsing therspeeguwith whichghe ipags cam be re-grapibe Bfe t he present
! . : . i oL (1L of Foser
o qat o Tobte be difrR R e bbedoBtons46 L i@ bomes of gubls PR IV 15 2

priscess dimensions-of the thref distatistonial vbe. MakeMifStht Quantity oS ddla MakDVBIale t he probe,
the pres i nvention can re-draw an image in response to user input at a

nt C X ) y
rate suf f%seéwtmepm@l to therthigdhpowes oF "qybe" ity size. gFherefores thoquantityus or

real -ti ' | ' . Ls delav.or | ag. The probes
of the prBlRES Rolkilf ot SRR 3B AR TRE BRI 0B MRl egBY, 0/, ™ o5
si ze, an@v) oftier quahtity of datarhvihe latger BDvoluag. | Ay s, tRlusdity 6Rdatalia@ out si de

eonetry o
g _ yprof;e of the present invention will be proportional to the "cubed root” (V) 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.
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surfaces of a probe can be interactively drawn opaque or texture napped
whil e the probe 1is being changed in shape and/or size or @@E&%Ob@e pr obe
i s being noved. The probe can be drawn or volunme rendered wth varying
degrees of transparency while the probe is being changed in shape and/or
si ze woorxvrd, thereby revealing the internal struecwmwsersmsss ' 30 features
of the probe. -16 9 May 2006 WO 02/ 37422 PCT/ US00/ 29835 The 3D sanpli ng
probes of the present invention can have any shape, includin rect angul ar
shapes hdbhe 3§ saeplivg probes off e tresens| invention cAw haveoanyasigne, daclsdiapes havi ng

no right | es. . Ih . | i .orobas of. t resent inyention can have
or.t hogonzﬁ%g%gﬁgﬁsé?%eér?gygﬁ ?’gér’r&pﬁl ‘gr% ggﬂ tggg%sh%néi rnog%?c?agg%lgrs?n .cﬁ.Yl:dwgﬁuar es and
r ect angl @6 yightadgles. Taé 3D kanshgdfobds (Tthepresentifva@ntith cafhfle orthsbloaallog! ogr ans) , or

curved outer surfaces (e.g., spheres, ovals, or C)S| i nders). The present
i nvent i oRetpendighlarnianes @spuis Sufsces(s), sausresend esstangles)cprpllsbplanesas ar shape.

Thes 30 SRk kol @ DafiliohSuBf B5GHedl e Yy 631 DK, Bl b Ty Shapes,

such as e a georogl eature Iden a’user. For exanpl e,
as a usercylindesy Thegresad imantidn imgotphindied ta 3D smplingpidbeswhnypartizhlasei sm ¢ dat a,

a geologic fegture may, be 10 visualized apnd identified hy the user. The 3D
sarml 1 ng 4085 R saplingp aﬁﬁfmmvem&veg%%f&hwyﬁw@wtwhﬂ ch the
shape o s deh a e er

Ui sual 28 B8 SHRED A RIRE TS R o0 Tk Brb i SR BB o be
used t o GDtsampling probé Heoughrao3id volame of keisrmictdatas £ gédlagic fehtutdwpay b© probes can
be_ | maged, A.probe, ca used to highlight data in accordance with a seed
. _151@el ect"P"Hﬁ‘ng @B‘f 1#%%63235’&&%‘%“0%_3% 8 g9 acq.ngbe-lgtprgg%veb&e- del ete data
in accor daneg pyilehisd 1 mak gﬁg&ﬁ’e‘aﬁﬁgﬁ%@%ﬂ%ﬂ‘ re ga%_su@gt&léhéa tes will be

h
explained rn nore detail b ows abl oc | agram of one
enbodi nena besfer ginalianpid definpthe bxteprof thabgrologictfeatideogr am 110 i ncl udes a User

I nterf Modyl ul 210 G aphi P ' Modul G2 220, d
Vol e Serp s Al p SR ol R SaT bahebba 6 ERY 220 1704 2,
dat a vol Wiheddlbedhagdd! AffRéteRan b@udzla&p;.grg?gﬁt&aﬁaa&wﬁ&wim\éezéo and GPM

220 communicate via a bi-directiona way 212. GPM 220 sends
i n$% r uct isclectioanlgorithin. dsprebefoan alskaliearsedso \eghde DR deletedatp ot aoeundan2@®ith Ul M 210

;5 ﬁtn g? aclt gss%\%‘# E%%?@ona%ﬁ_ugﬁ%g g ﬂ’d%g %ﬁ‘?ﬁé&?‘m@%&\{’\g@e@ fé@lP"l{’ljg/lt 3119 rom
data vol ume 244G BhbwedMb& difhnt & oNei¥hibatinahk 6F 30RhAp RN Yrogram
110. Program 110 includes a User Interface Module (UIM) 210, a Graphics Processing
Module (GPM) 220, and a Volume Sampling Module (VSM) 230. 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 set in a manner well known to one of skill in the relevant art. For

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 x, y, and
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234. VSM 230 transfers data to GPM 220 vi a data pathway 232. Data vol une
240 stores the 3D volune data set in a manner well known §ma9ngoef skill
in the relevant art. For exanple, the format for data vol une” 240 can
consist of two parts, a volunme header followed by the body of data that is
as | ov@oxy4r2he size of the data set. The vol une headems@Rsgpi.cally
contains information, in a prescribed sequence, such as the file path

(location) of the data set, size, dinensions in the x, y, and z
di r ect i oB@xesmpotations fn therdetavalng ety Tl;eboww@fdamis agbmmwseaﬂe:@evﬁby@w 37422

PCT/ USOO/ n dat.aval ue, e body of
data is & %?fﬁféqu,%)gg Zgﬂc@ 'fe’% or(asrﬁciuﬁp ﬁ@)‘f’g‘nﬁﬁa& ) fg"éfta val ue,
that canbjpe i9tRedaasvalus at b&@ehbaammg:,@%g@no o?henué Isbcdhd bstis the the

dat aval ue at vol unme | ocation (X, The second byte is the

dat aval uéat&‘faluﬁdlt wolme decationd, %0, tbe tjrd bmes the datavalyer as volyme Iasatient aval ue at

I d h d, th h
v mens PAR0 88, Rt Pdimefih i G et R RREP BN Torent 0.

Th e presamn fitally ﬂfetz dienstonripinclemBhte® AT préBit invWabiod 18 ndt [RMtddiicyar dat a
format for data volume 240. User Interface Mddul e 210 handl es the user
i nt er f ac®ay ¥ g pAstiq “Pédé% r dat3 yplympe240. ons, and i nput data fromthe user.

U M 210 i nt er{sag bl 4 il PP insh ¥ B kel BfraflERUS P 0UTH

whi ch t he user can se iect various options a |ngs el ther’ t hrough

keyboar dmseilcdmhs emdmpuﬁdatacﬁ:nyhﬂnem&mmm& intér€aceswith the lugdréttonghpiit devi ces,
such as a, "nouse" gﬁ ?1\? poi nting device. U M 210 receives user input as
t il user varighhPlIpenys guoyghay Ghhe usgRSAn Seloet yarigs @ptiens aad saifingSeeithet c. a 3D

sanpl i ng | Il now be
descri begﬁ)&%P&aﬁgﬁ S%&dﬁﬁ%‘l){d&?& Me% 8&3{3%& L‘%ﬁﬁ?"w % %%érﬂ of one or
nore 3D aoDh Utnaum‘i,t ar SGDSpc(mﬁrrgr ME:BI ddM 2y d&bl&eslﬁdetl It@ued@ihctlﬁeﬂlse for
i magi ng and, anal en a plurali EqpeOf data volunmes are used, the

dat aval uBapigplates “6?‘“ ‘T'Yéceﬁ?ﬁpé’t‘?’ﬁ’ﬁ‘? ot & Wotepplies peps-esent s a different
hysi cal par By way of
bl o o prepmey fbidys il Pty LN 2R MO RREL TRRERN0 Y T2V 2
t elfper at mpatS\fmhmleuseaﬂﬁ idenfification eff ons at mortIDovolund datesets(tepregated s in the
geol ogy ne .can r.essed in th for (X,, Y, Z, .seismc anplitude).
The voxe %dgr V‘ﬂH‘@"?‘E‘ﬁﬁ%’?"EF‘HI"@WW@ lgé@tgafﬁq{avq Ipges or m (x, v,
Z, T&% WK aksamwh@m%w@&&m@ of %lﬁﬂi@s fe FaifegRsed 1n the

form(x Yy, zZ, Ysaturation |ca or geog p I c space defined by
t he voxephysical Imﬂmterfoﬂatmm for the same geOgraphxc space. By way of example, a

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

D

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

The voxels in the water-saturation volume can be expressed in the form ().(, Yy, Z,
Y%saturation). 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
transparency (or opacity). By adjusting opacity as a function of datavalue, certain
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25 volunes is the sane. However, for any specific spatial |ocation (xo0, yo,
z0), the seismc anplitude would be contained in the geol ogyzy%ogse. the
tenperature in the tenperature volunme, and the water-saturation in the

wat er-saturation volunme. U M 210 inputs fromthe user information to create
one owoww3@223D sanpling probes. Such information iRCIIUSKE83SL ze,. .shape, and
initial location of the probe. Such 30 information can al so include

i maging attributes such as color, lighting, shading, and transparency (or
opaci t y) poriynsaefj the tdatagrobnzecire ynaxe transpaneot, hereby falldwing\eavierwer toese¢ ai n - 18 9

May 2006 _WD 02/ 37422, PCT/ US00/ 29835 N ' f the dat |
arg noreﬂF?"&giB'i?"@ﬁt’}nf”FFg’rp OBﬁcf%ﬁFH?@\?F%?Rﬁ}Qm&giégmﬂw g‘ﬂ'&‘% 2u\r/19 aggg.
An exenpheg Mué?ﬁ?e%iog%(itg_'éf-&ﬁlsﬁﬁgndﬁamiohBfﬂtﬁahﬁ.- ASRREII Y railyye 300

il lustrates opacit transparéncy) as a function of dataval ue. As would
be readi iypareapioaneskilladin the ertglatavalues with gréater gpacity dessamangpassscy\wilh gr eat er

ity (| t, i he i nmgi di spl f
dathyal uesh e ERERE o SRR o) e Sr R o mBuPReR). o aval ves
will | esgopraeiy, &at@%ﬁlc%ﬂﬁ&sﬁbpdc{tﬁﬂﬁ%awﬂﬁhhsﬁ&bﬂc?m PérhititembgBgi ng  or

di spl ay of datavalues with greater opacity and [ower transparency. U M 210
recei ves of digplay ¢frdstavalnes withegrestesopagityiand lovwed transpgenty- t he 3D sanpl i ng

probes. As d ri.Red in _nor et ai l . ] . rr e di ment of the
present 10 mﬁﬁaﬁvﬁﬁpﬁ‘s@ﬁ@ﬁé‘ﬁﬁ%‘oﬁ%&%@s&g*_g‘g’%g%r strn e_%f a probe by
cl i cki ngpRypks) AsSdeddrided inflisie defailtbeRw) ik prefafed effblelif@nCofangpesdnd t he

di mensi ons of the probe in one or nore directions. UM 210 receives input

f r bin t he inysetion; e nisyehanges theshape prorsize pbaripbedty chicking ontysizingtatishg pr obe
- W t hi th L | s f ' t . ' | at
house t 0 o8 A pRb ot T\t Sy 1h¢ AShBBBACLIRR protR H3FE of TRAG L2 OF 2

t he nous@irtdbionR VIEIM DE) REARS it Ayl iise 0en@e g ppitios osipedtion 4 | ned by t he

data volunme. U M 210 receives input fromthe user to carry out "auto
pi cki ng" 3Pr smwlisg probe within thedatapyaluns g [praopikired embadigsniatasuseloxel s) are

sel ect ed agalURON.G SEURE! bl nPhORL Ll B3B! Sl GSRROT ment .t he

sel ection a gor I's based upon a seed poin dat a
voisime. Tiemeacastmhenr the grbt thioudhbeiths geaaphiclsiace pefinad dytthadata (i) satisfy
the selection criteria or algorithm (e.g., have a datavalue within a
specifiedolumet er range); and (ii) have a connectivity with or are

Cdont 11y a SeORZAFERaRR Hhu sHIL By Gl G oo BIRS ool D1 €6 10
an auto picking process, data points (voxels) are selected based upon a selection
algorithm. In a preferred 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 seed point. Through
UIM 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.
UIM 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.c., its
intersection with the 3D volume. Additionally, the 3D sampling probe could be
30 displayed either with or without a bounding box that defines the outer geometry of the
probe. Alternatively, the displayed image could include the 3D sampling probe, as well
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identify a filter range of dataval ues used by the selection algorithmto
“pick” the selected 25 points. Preferably, the seed pointgjs,Wobgi N one of
the 3D sanpling probes. U M 210 al so receives input from t]q”le alser regar di ng
the content of the displayed imge. For exanple, the user can preferably
sel eWo0tizv4z2ont ent of the displayed i mage. The comcCemsendsashe di spl ayed

I mge could include only the 3D sanpling probe, i.e., its intersection
with the 3D volune. Additionally, the 3D sanpling probe could be 30

di spl aye@s Gietdatarthali achupigs the barkgrtound iy planashantd/cd ¢l degs thahe out er

geonetry of th obe. Alternatiuel it he displ ayed | mage coul d i nclude
the 3D 38‘??8?'13‘?13‘68%‘6’ We, Qurgidd ok the 45 Mgfﬁ’g%é%“@qq?ﬁi‘g PCT/ US00/ 29835 as
the data thatTeestpoatStht Rerefifk GirRtosk, XAM YRV sedsl a riqubdt3p 8fluasd/ or the
data that occupies the 3D vol unme outside of the 3D sanpling probe(s) being

di spl ayedampipgdvedule 2300 londoratpdfbesed Drvghime dsiasets idemtifieddy $wnider. a request to

Vol unme ' hdul 0. .50 Qse VO ata sets
ideéJnt i fi @Wf“&%’e‘ Jseﬂ’r‘-".%s %épﬁ a%%gg 8@%@%&3@ il 2 %‘59‘14&2@@@ Wit h

G aphi cscdrriescons thetdispMpdid Bnagdy. t hat carries out the display and i maging.
The primary functjions carried out by GPM 220 wi|l| now be described. GPM 220
processes dat Bhemsimaryigetiogs earriesiout BHEPMIZ0 wilbrassbeadesarbeda GPM 22t i ng,

shadi ng, AVERRY-T¢| | wove .yser. To do
so, GPM B?Bésgéézdé?{ﬁg%ﬁ]%unc%g%p@\#aé*%ﬁ@ﬁ}%fgg%ﬁl%@écg%?gl hics library
106 and trasspakncyi, and ethéraattrihutepieleted Byi the asey. TOdo de,SGPNI220 uadsake. The user
caﬁ)osel eﬁ%{;(t hrou,lgg UM 210).to display only the one or nore 3D sanpling
pr t

es t g weaifablefhropgh pasie granhics libgary J06 gnd vispal sigwlation graphies ect t o

di spl a I ' vol ume
out gi d)é Ho? jt hogqg{cggéeﬁbﬁl .'e.”°%§§@Qﬁ%@@w&%ﬁsﬁg‘%ﬂ%&do not
i nt er secbneaoymode 3heaniiling probasrihai liuye peabasatéd) aA lteatively, thguske @l ayed. 3D

sanpling probes that are being displayed are referred to herein as "active
probes". S%Wzlmiwae@s@@s 3Dsamplineprotiss. 3y wehes o dgtavplwne Quisidnt are

recet vedopiie tdfes AEOHAWIS 459D vofFE 2050 el of PopHRAES!, 30 sarml i ng

probe in accordance wt cted attributes | i ghti ng,
shidi ng, samping peobesthst, areteing) displayed. N3 sesmpling Probexttist arecbemigadisplayech shape for a

3D sanpling pbrope, the image wth selected attributes is re-drawn
suffi ci eﬁtﬁgfﬁg’?‘ﬁgtph’?@m@é_ ﬁn&%ﬁ@ﬁ%ﬁj as real-time by the user. Simlarly, GPM
220 draws t hepif228 3PRE4sBANPOMEpih P ald 1oAY BRSihhi P reQived @G UTVEN | N

accordance with the user-
210 from the user. GPM 220 draws the re-shaped 3D sampling probe in accordance with

Y

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 attributes 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 attributes 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 points 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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selected attributes (color, lighting, shading, transparency, etc.). As the
user nmoves the 3D sanpling probe through the 3D vol unme, t§egidHRgg of the
3D sanpling probe with 25 selected attributes is re-drawn sufficiently fast
to be perceived as real-tinme by the user. GPM 220 processes "auto picking"
requasdsziat are received by UM 210. GPM 220 w lplcTiusspesssel ect ed points
within the 3D volune in accordance with the selection algorithm
Alternatively, GPM 220 will "erase" selected points within the 3D vol une

i n accor therse eiributes. SEIM 2RO obtabes ther needad da0fr datervojure24Q bie f or egoi ng
functiong, GPM 220 cggpmni a ' at h 21 | t I 10 so that the

I nf or mat &ﬁmgea é‘gf‘%u W R“ﬁ‘é”‘ag?&?*%a\é&%gg‘)éﬂ&g%ﬁ?@&&fééﬁ)%t h -20 9 May
2006 WO 02/ 37Pfeprithaty BEHAIrPSOBEMIA30 isSwl i ce theaiphiophatt @t ffeMlaA20 Obt ai ns

t he needed data from data vol une 240 % sendi ng a data request via pathway

222 to Vuelume24hatthe reqpesnod GEM 220sViSM2H recpives prapestsrfor datafeam 68Mf  VSM 230 i s
t t p i . I 4 L t of GPM
050" Vnp BubH Pl BR) 38, VANE 23 bitlds U lRifha kAl AP 0 ogfiog IF ol FHLESE 07

VSM 230 auistrcths dataeo GENLA20ath dhad gatliway 230l firprocadsingrnd ddphpdvsmansfers the

data to GPM 220 vi a_data, pathway 232 for processing and display. VSM 230
al so r ec&PQaleo repaives iestruehiogs fip 0rimp WWHW({MWB&C&;% or attach

the 3D g@%@?lﬁk%ﬁ%ﬂeﬂ‘ﬁi’%‘c&s@r‘j by the user. Turning nowto FIG 4, a flow

di agram ustrating one enbodi nent for 10 inplenenting the present

i nvention i s Firaing.nok otRAGE 4,upfiow diagrdnm 400 Riuttrating Phe embsdimsnt fohown in a
stﬁg 402, In step 402, the user specifies the one or nore data vol unes
(240)

_ t rplemendiag therpresealoeniiop ds S9WiRo| 4 et PRtof IEalizaloR PIOSRAY f rom di sk
N0 81 ORI TRR Yo 4y, AR S5 0% s s RN o SHbANAE yERMAS B O U the

present 1 nvention w scri I N nore A default 3D
sanpl i ngtqisenised. i Bhecpeiicd 3D wivneldaawets atblodded fibaf diskt into3hnis areplorng probe is a

sub-vol u of .the specified 3D volume(s) of arbitrary size_and shape. The
present (h{esrEption ¢ hﬁﬁ%‘t'af? iqutaBgd?qr(yagfqgg (P4t theckiesspt wvsntiogy Willsheipne for the

def aul t @émhi @E@e AVAYE, : Lavention, the
def aul t gngmzarrp inggege;o el%@ bea‘gt ?élgﬁgirﬁeﬁn? g%/biehg&ggléfg%ﬁg?rﬁebﬁéi ons in the
X, 1y, an@The defianle 3D sangpling Probd rimw sibeolome anf e¢he Sfecifiel Bl vol@meEpoPl | Nng probe,

t he boundip eonetry is first drawn. wi.th qne edge of the boundi ng geonetry
| ocat od BFPIPRGsIZe 304 Sapep b presen frymling i SelHEriter i vcRarieNs S e 240
shape for the default 3D sampling probe.

By way of example of the present invention, the default 3D sampli‘ng 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 extracted from data volume 240

by VSM 230 to 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 default 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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by VSM 230 to draw the image of the intersection of the square default 3D
sanpling probe with the 3D volune (data vol une 240). Partémély?ropg, data is
extracted that corresponds to the intersection of the square“default 3D
sanpling probe with the 3D 25 volune in the xz, yz, and xy planes. This

dat a wa ob/fate sent by VSM 230 to GPM 220 so that itpcgaseddsisext ure mapped
onto the planes of the bounding box to provide an inmage of the square
default 3D sanpling probe. In one enbodi nent of the present invention, the

dat a t hatuperp 4Pl & Yelaricbawtlsq tatihe dxg thay dccupieckhd Yackp@aabx4, hgase! ves, as

wel | as the data that qgccupies the 3D 30 volune outside of the default 3D

sanpl i ng ¥$iolBes, onthe daip thet oqeupiesthe 3D yolwmegputsideaf thededult 3hsamplinge def ault 3D
[ ' ' -21 9 Ma
5006 W G518 oy b B bl oo, (8 Prsdh bOLABh i ln o B 01, D MY

dat a t hattheasenepn sefectivety displdygornondisplay, theadlatadltl oconpiepthabekgroand e dat a t hat
occupi es the 3D volune qutside of the default 3D sanplin probe, is not
di s%l ay e§2omd Xy akaes, W%@M%@WEC%F@WY W oytde pidheattive o out so
that the.dsser can sel ectively display, or not display, the data that

occupi es "t he background xz, 5 yz, and xy planes, as well as the data that
occupi es t he. BD shapl 44T IM12 KWiisiwaitifig tolrespand foweer igpubdresquestn Userdapep 404, U M

210 is waiting.,t,o respond to, user .i t or request. User.input 1is received
thr ough. 45 TeeeEYed pa alyes ot devicr speblbfagpa itk aomRuEr BEHIINESRSt ncl udi ng but
not i miggey id?ak@ybkﬁ&?n%%&' joySRS@ackbatl Ritlefbhi, rsméggﬂebi ethér&l)ﬂle%?bal I, roller

poi nt, or other type of 10 Suitable pointing devi etc. eferably, the
usé® i npusuitalevpointing dayied, stes Paefenably sthe nser dapiub dewidendohgrisetenvinause ohat  enabl es

the user to "click". op a pgarticular displayed.i e, and "drag" that

di spl ayed eﬁﬂﬁ‘élutéév'ﬁﬁ@‘fwélgﬁfs&hﬁwgtﬁ. Cligic An Pﬂ?@ﬂfﬁ%ﬁam/ ?zéngl | ows a user

to nove aﬂk@g"tﬁat [h?edjihﬁgé ALAGhE 100G, SHeER uSerisful déﬁ&lﬂloﬂ_?é{héé? al SO al | ows

a user to activate drog-dovvn menus, and to select the various options for
P

t he col otQ meveatidershaps displgyedipnabes. aSuthtarvacrapput dendge alsa aliobapaser to\ keyboard

can al so be used for enterin I nfor.mati.on rel ati.ng, to the, sel ected
attribut @gt.wa%eﬁgp'g?\‘(‘f‘é THtire A toyrdec g’ree‘faﬁwbse?é’ro&f k‘iﬁp%c%loﬁa SPAdg ¢y of
fupeti ongighfil afd@Rralarefey blu@shtdUt ADNeybhRd s HB0t bd B¥ANfol QRteridpese
functions can be carried out individually or sinmultaneously, depending
upon i npdnformation relating swthe selesfedateige®, a probe can be moved 20 (function
430) and r ot apefl LG Nod Bhbrs Shdlihuly 3B SRty of Bldofors e HR1BE ' 0N

carried out by the present invention. These functions can be carried out individually or

simultaneously, depending upon input from the user. Forexample, 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
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 defanlt 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 ihput by UIM 210 from
the user. For example, the changes to the defanlt probe can be to the shape or size, the
location, or the attributes such as color, shading, lighting, and transparency.
In a step S04, UTM 210 sends a request to GPM 220 to draw the changed default
30 probe. In astep 506, GPM 220 requests data for the changed default probe from VSM
230. In making this request, GPM 220 would invoke function 430 if it was necessary to
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by reference nuneral 406 are being carried out, the inmage of the 3D
sanpling probes is being re-drawn sufficiently fast to beg%r?%ioged as
real -tinme by the user. Each of the functions identified by raference
nuneral 406 will now be described. If a user wants to change the default

pr obewotdm2¥ uncti on 410 is carried out. The 25 stREIAISHG298%arryi ng out
function 410 are shown in FIG 5 by way of flow diagram connector 5A In a
step 502, the changes to the default probe are input by UM210 from the
user. Fomoystiegdefeylt plobe, SinstioediOtore-shapeaths dafault psotshanddunctives 459 of he shape or

size, th ocati.on, .of the attribute col ar ' +l 1 ghting,
and tran?ﬁ%&éﬂ‘é{ﬁ%faﬂh?{@ﬁ %Af?regﬁlf\%%fg%é’gwggbea Pe Uﬁ%i;{ﬁ&gﬁ 220 to draw
t he changgdwdefault 30 probe. In a step 506, GPM 220 requests data for the

changed default probe fromVSM 230. |In naki n%)thi s request, -GPM 220 woul d
i nvoke functi Bee wifltbe gisacted feom daty velyme 240 by VEY 23968 rapponse/ 37422

PCT{ US00/ 2983 ve. .t f (el . ' - mQ t he default
pr obe, af ﬁ%&ﬁ%ewrﬁﬂm%tﬁemg%ﬁﬁ%ﬂé@%ﬁ ﬁh{‘)t(ri%ie. ﬁ‘he f or egoi ng
funct i ongel¥dtdd bpehet@BE T IgE dphcityoseRinge belédied BeteviserTie sdel ehat BBt Wil | be
extracted fromdata vol ume 240 by VSM 230 é}ﬂp@ﬁ;gonse 5 to the request

made by CpRyahges aseepague thendhe detaextrantqsddy Y S {ipitedto thasurfagesye been

sel ect ed I h Ci ' . I ser are such
that all °P§‘§%‘Q‘§‘§%‘g°ga“éﬁpg°‘}8bga‘%g% drite sSfSodkd S5 gﬁ?%‘g‘%&xﬁmﬁg 230 will be
limted tie dsbetoSed mside the chinged defalitprob) sel edlp thet dapr wirespoRding tsthe of  t he

sel ected opacity, it wll not be possible for the er _tq see inside the
chdfged @guatases 9r ogisisisef the ghagsed defayll pepbe Wil W%%%@?@o'tlﬁés% surfaces or

out si de g‘gag ' ‘ﬁﬂc%\% .430. In a
step 50%,58’%@ p&g%%gg?éﬁ%ﬁg&?gﬁgwgggﬁoggkgy V f%’(fl@kc?r t he surfaces
of .the clisfagkprobelahddiivs he olixagedaiethult prvbe by fexturemaapging oneftis sutfages obe by
texture mapping onto the surfaces .in accorgance W th tg@élgttat i but es

sel ect ed ibjcoprdancesth thesgtibutes selegtedbyothe Yser-nBY gdragtng oty tseen by the
he_| i ckl
st P 0 it i L 1

because l'es needs rocessed, _ ta corresponding to
- thes "ingjuitkly kaish dess katageedsde fieyirocegredbice. i the dath cprrepesBugito thet er nati vel y,

if the opacity settings | ected, by the user are such that sone of the
dat aval ueé“S‘QP%Ofcfb%ﬁhﬁég“é‘d‘éF%‘gﬁg’%st progesiedyal ues are transparent, then the
data extract emtm-w@m Wity'settifisd sid@ed BN SRk AarS Qich BaRRRMIOAGet O the

of "the ¢ anggd

entire vol une
datavalues are opaque and some of the datavalues are transparent, then the data extracted

by VSM 230 will include the data corresponding to the entire volume of the changed

20 default probe. Because of the selected opacity and transparency, 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 exiracted 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 wants to create additional probes, then function 420 is carried out. 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 210 from the user. Ina step 604, UIM 210 sends a request to GPM 220 to draw the

30 additional probes.
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20 default probe. Because of the selected opacity and transparency, it wll
be possible for the wuser to see inside the changed defaul § Mpyolpgs so data
corresponding to the entire volune of the changed default probe will be
extracted by VSM 230. In such a situation, GPM 220 processes the data

ext r NO8YIHWR VSM 230 in step 508, and draws the chXEFAFOWMIMBHul t - -pr obe by
vol ume rendering in accordance with the attributes selected by the user. 25
If a user wants to create additional %_obes then function 420 is carried

out. The preleniten ¢ipeGPMAR0irequass data tor the @dditionghpropesrfrane YISV 23unber  of
ti . . ' Ut 14 G 0 in FIG 6
by vy o1 iaane) A £ b AbG ditntind HE Gt e g TE N, | 0

| ocat i onjs @ftlacted foms3D 6i data Y6limé R4 BEUEM 280awilbdepbrd updneahd opudity by Ul M 210
fromthe user, In a sé}gg}gg&)ﬁ U M 210 sends a request to GPM 220 to draw

the 30 &elastedbyiihs ussr iSenabprghes. I the@pasdsy sstfingssoloctethy thesd®r 29835, In a
t 606, A VSM 230. I
2 B nnor T BN GAIN L QP OB “

a manner simlar tot or c ng the default probe,
t he dat a byVaM 2306swithbee liatited th the urfa@BDofthe atilitionulgirebes. Atethakiyely,38th230 wi | |

depend upon the opacjt sel ect ed the user for the additignal probes. If
t he opaci@?‘%’é?@%g%ieg‘éﬁlgﬁﬁ'éﬁsﬁ I Pﬂ@r@f’%a"&ﬁ‘é‘}h%é‘?‘n&f’ thgat aval ues

for. the ' lgﬂfﬁp r - by VSM 230
Wil | dga%ﬁéé to't 399@5%?& °?thgg% t gs%gglﬂhst ?a@nﬁd‘ﬂ%‘%’gg@ 4 i f

be I'rmte e surraces ona ternatively,
t he opadytViSM 230 wilisclsdd thedatakolrgspohdingodhe éntive vdhenesadd tHeiadditibnabr obes ar e
such that some of the at gyal ues are opague and so of .the dataval ues are
tr dspar @mbfs-tlﬁélﬁswﬁ@eaﬁteﬁéma&regﬁcalb‘gp Bors ARty By RiPIRIENE he dat a

,correspongl | : of the additional 10 probes. In this
t'ﬁﬁée({lgxétg? of 8fa ﬁﬁf ﬂnﬁf bY Probldga.

manner, t1onal probes can be drawn nore quickly by mnimzing the
quantity of dat a stepa08yGEM B2 proosessthe dath extactedely YO8 28PKI2ABO pr ocesses

the data ext.racted by M 230 for.the additional pr s, .and draws the
i | on LR aEveR aad SEG i widiionn] Toes b er<REPEL WS Gesf BByt he user
ei ther byebgdddyhe ﬁ@eeftmbp@metn&ﬁpﬁgaﬁtaﬂﬁgm@écei oAb PRbbedT ObES, 15

or by volune rendering the entire volume of the additional probes. If a
uséf wantos by golmme eendeqgtheentirhreuneofdhe aMditio8d prabesarri ed out. The steps for

' t tion, 430 hown in FIG.7.b ffl i
connuct or 7. aTseL R mrs & ol e Fncioaplir FFTORE ThOBE P Tout by
UM 210 fhRping bft fifibn 430hrSshoh S G B8y Wit dioWRIdgradh conigetel 7S At | nventi on,

t he user i npu%s t he new | ocati on of tHe
a step 702, the new location for the probe is input by UIM 210 from the user. In a

V.

preferred embodiment of the present invention, the user inputs the new location of the
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 trajectory.
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 to 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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20 probe by clicking a nouse or other type of suitable user input device to
snap a pointer onto a surface of the probe to be noved. T@maggg%changes
the location of the probe by noving the nouse or other suitable user input
device in any direction, thereby dragging the probe along a trajectory. In
a st epoddsma22U M 210 sends a nove request to GPM 228CTOser28885t he probe at

25 the new | ocation. GPM 220 requests data for the new | ocation of the
probe fromVSM 230. In a manner simlar to that described above, the data
that is andsoaetofdhd datavabias are tragsperent, $40 theydatanira@ed by VEMi23®ewidl upon t he

it th f h obe... bei ng, moved. I th it
SBr L1 nys EBAE e Sy Res e R entid yol S PP/ s Iy B8 he pr obe
bei ng nDy@shea! e EMU&bém%Mﬁcmrﬁ&églﬁcﬂy by Shth2d@inpitld be |imited

30 to the surfaces of the probe being noved. ternatively, if the opacity
set t i ngsqeetityofdata they muside pmeessédor t he probe bei ng nmoved are such that some

Sort ot the. ot N R e b RS A0 By hlv®s o, v 230

Wi LT i npifglgobdie attPdraws @b pRBOSIENGE 1atish R astirddnte with tigRitabutéhe pr obe
being noved. In this manner, the probe can be drawn at its new | ocation

nor e qui sst¢ofeddy the mbeni eitharbt testureqmanping ente thegaiefaces i9h therirehe heingyr ocessed. 5

In a step 70 GPM, 220 es,: t SM 230 for the

pr obe b%%%cg%We‘fﬂh%é%ﬁ&éf?fgg@%teﬁ%}e%?%%% 02%11 %ﬁé‘b%%%f@é% ‘ion in accordance
Wi th the attrAbiieaser movedGheprobd) foreack aew, lodtibhef the)prétex ktepL702APPi Ng ont 0
the surfaces of the probe being  noved, or by volune rendering the entire
vollne ofhr@%bmi‘@Eéﬂpbﬁﬂ%am&mp@ﬁaﬁ@hﬁg@ﬁw%%@vﬁs@%ﬂ&ﬁfh‘# or each new

| ocation _of the probe eps 70 . thr 108 peated at a rate
suf i ci eR’E"f"‘fﬁ “F@%%“?‘?%‘?Pf“ﬁﬁe&klg?’% ffé*?’%%ﬁg@z%ﬂ)?&%%%n%héﬁe&é RPRAH t?%? obe, with
texture KRARAIVEmSIt of Hepidbe! TREIRIIZE & tRngaBIdtaNI dt afiame eengdficientlyn "real -ti ne”

wi th nmovenent of the probe. The inmage is being re-drawn at a frane rate
suf fi ci effst i beperseivednspeal-mebgithedderas real -tine by the user. |f a user

wants 1o re- SIRRAYRIORSe shdiEN RChbS Ruitdh ki SIS duOUl ved USed 15

herein, the term re-s s to an ange in dinenston of a 3D

sampl i ng hpeidhhe teim "fAfiagt Fefers fo@ny chEhge ialdiapesioh ofa ADs@mphipg probe fir obe can be
changed, or re-shaped, for  exanple, by changi Eg t he si Z@Ei‘g one or nore

di recti ofgy d‘ﬁfé‘ﬁ’}-a eb‘?ﬂﬁlﬁ@mﬁa@l@ﬁmtﬁ °aBrb [58ANERE 0T &5-PrEet f§ful ar probe by
I ncreasi Qg e v ichine the \Gzelth 8For'nibrt Bfeckiont, 5fehia B chafififle a square

probe into a rectangular probe by increasing the size of the probe in the x direction, 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 x, 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 function 440 are shown in FIG. 8 by way of flow
diagram connector 8A. Ina 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 onto a "sizing tab" of the probe to be re-shaped. As used herein,
30 a "sizing tab" refers to 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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decreasing the size of the probe in the y direction. As another exanple,
the shape of a 20 3D sanpling probe can be changed by changwﬁgzbbg shape
from spherical to rectangular. As yet another exanple, a square 3D
sanpling probe (equal dinensions in the x, y, and z directions) can be

re- she@pegh7ya accordance with the present inventionptoubm/29sskar ger or
smal | er squar e-shaped probe by changing the size equally in each of the X,
y, and z directions. The re-shaped probe al'so has a _square _shape, but as a

| ar ger oflisplpwibp Eatuzes on Py sicolparpmetess of the 3byolwng daja sqty When thepRisteton 440 are

shown i n, FI .dj ' - ep 802, the
new shaplé; sga%a;%troqg? %\%X%tglp’ "Eahg’\mp?}lo gﬂpgﬁ%)ﬁs%&? g%%/ﬁf, ﬁ%‘%%%@%%&?he user. In
a pr ef er giggbnsiomatiprepoitions oft thesupfacsawhicinthe sizingrtab ishiecatede Whenttigut s t he new
shape of a praobe by clicking a nouse, or, other l:s)épe of, suitapl e user input

devi ce t Sesipdfizeorsbansisieacad shehsergapinlicksthe meyse opusehingWdeyise e 1 e- shaped.

As used ' " S 7. s ' n a surface
of Yo piasd depoiitoftiontins ile b SizthEhabi o M IIAREL FTEEROT 2 DT S
that is gizingebemt tHersomil tirk sqates thnt ppeargn tiesurfices of2le Molivhyaldh@g@ite WO 02/ 37422

PCT/ US00/ 29835 di spl a he features-or si.cal paraneters of the 3D vol une
dat a set bounding &"’H’Bﬁtﬁb‘gt}fb‘él’mg?ss%g“r]@ﬁ%f} O?E%tsl‘?é“gstf‘ ‘ﬁ&gﬁﬁﬁ‘,tedrfﬁﬁl?epul ation of

the muss&wﬁwﬁ@&aﬂe&%&éﬁm@ fhe sﬁaaaz%\g\ﬁiggm 8% cha@Ror tions of

the surface o the 'sizing tab 1s Tocated. the” desired size or
shape i stheaamiseot, othdnsuitablernsargapuhdevidemt & dizingiabneoving thsmpusermptit device to S

rel ease the pointer fromthe sjizi tab. ,Si zi fahRs are Lllustrated in
FI 5. 15thesuriagg beipg ghangodhas eld%‘?ggli‘”é’e’taﬁg%ﬂﬁq‘%sﬁﬁaﬁ"%Qfﬁ%b@@%%at appear on
‘the surf @&-@gt@. mEFBE&Qe& bePepdathdl {fﬁ%ge?%?}%mgﬁg@pmwb%ntﬂk@ probes. The

| ocati on Of e sizing tabs 1s not boundi ng geonetry of the
probes. Piobe ustdrthepralrege se-shapedsh thedesifed shapepr obe by clicking the nouse or

th i t abl i npyt devi t izi ng tab i.ng, th til
10 the sur f ack Y9BIohs THIR gArRLS opn et SR e e rbt hol e WHISRSPLI casi ng ¢ he
mouse fr gieht NQizingi &b M6t Ledapidd iR ROBESTShE Feshift ihRABAL s isi fo Recessary,

using other sizing tabs on’'the probe until the probe is re-shaped to the
desd red shdepstood, howaver, thatitke presqutiihyentignisnetdimitedt pfsizing thbsfor t he rel evant

art how to i npl enent h a, sjzi tab .faor - shapi,ng, t he ‘propes of the
present F"rﬁ)’éﬂ?‘g BH".E""?’ ?nqsé{ﬁqr 8‘“3@‘" o ﬁaé’rbftuﬁffij ?%%9@918’&1}6 'fs%{)ou?‘ﬁ e present

i nventi 0Qelb FoRf a hiviBek %r&-eettsﬂa%ey@%.,%guaﬁés,zfea@ngla,lt?uﬁ@fs EftrefdSf} Ng probes,
and ot her suitabl e nethods can be used. For exanple, t he user could select
from a nacivetingd diop-dowr megth aplisscradling throygh the shapestyaensatgdly cligking nder s,
spheres) al%x)(ouse.

20 In a step 804, UIM 210 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
the re-shaped probe from VSM 230. Ina 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. If the 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 surfaces 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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activating a drop-down nenu, or by scrolling through the shapes by
repeatedly clicking a nouse. 20 In a step 804, UM 210 seglg% 30h6- shape
request to GPM 220 to draw the re- shaped probe. In a step g It is
determ ned whether nore data is needed to draw the re- shaped probe. For
exanmwen2/3ma he re-shaped probe is of a shape and scrmsdonagss”"fits inside”
the existing probe, then no nore data is needed, and processing continues
at a step 810. Alternatively, if the re-shaped probe is of a shape and

si ze t hatref such ghagtsomeanft thp dptavalidsyar® Spajue sind sowe of lihe datawdlaescarpr obe, t hen,

In a step 808 M 220 reguest ; a..need for the re-shaped probe
from VS %?fe?tg@eﬂﬁ)ﬁ%é? egtlr%?ﬁdi)y R{&gﬂ ?ﬁw‘gg‘%ﬁ%&%ﬁ)&?@o Wata that is
ext r act eehefeh@févaiin® of dlprobé Beiup Fe-saPed? ¥n WFVhahaCk, ik btobe easdirapen t he
-opacity scel ected byothep?%ser g?r’ ;gee Erobe bei ng ?eo- shaped.Mﬂ? the opacity

set t i ngs Wbl itscmexd shape mipse quiskly bar izngtthequantity ofadats thatigwist be t he probe
beiélg re- SohaSﬁ%F are opaque, then the data 30 extracted by VSM 230 will be
li'm ted POYRE surfaces of the probe being re-shaped. Alternatively, if

the opacity Shi s8I, GBMETZ0GSodeNsed 1he duie RktrdcBid HyNESMAY $orltRd p8bs €- shaped - 26
9 May 2006 WD 02/37422 PCT/ USOQ 29835 are such that sone of the dataval ues

are opaq hepadeanddraws shepsabs wathifs nevashape in pesordaagesvith theatighutehie dat a

heingrecs
extracte ' 'Qth S din o the entire
vol une ogel%eed gr o’%gé%ﬁ’\eglidrll%b&e-s g%@%‘%‘ %ﬁ%%g&&%%ﬂ@ﬁ&ﬁ@ %e ¥ can be drawn
Wi th it s skuped, 968 eolume eendetinpithe/entive voluhddfahd\gobd WRinguashdpbd, of data t hat
nmust be. processed. In step 810, GPM 220 g‘gocesses the data extracted by
vSM 230 for tAsthsuserchanges thy shape ofithe pepbe.strns 892%thepugh8lharerpested h i ts new

'-shape in ] ' S he. user. either by
Foxt ur e Bepper AREAE Al el il DS nSiaBE bl Bood. ek Ry ' o by

vol une r engising Bevdhitae Rndering ayappiopEatefchirpngin tea-the)" NGthitiee chggigd. 10 As the

user changes the shape of the probe, steps 802 through 810 are repeated at

f the pr g
a rate s&hapeef thaprapes Abe imaga s befng rerdeawninb  fiame sate sufficientlydfastés be he probe,
W th texhe%aved’%ggyg_%e%gﬂ@ds&ne rendering as appropriate, changing in
wth the ch

"real -ti ngi ng shape of the probe. The inmage is being
retdrawn at alffanacrewantierctaté § probeintIDysphees thet finbidon 450 isxairiesdduadn real -ti ne by

the user. 15 If_a us wants to rotate a probe i D space, then function
450 is cimeiepy4,the ﬁl origniafon, Wh‘cﬁ e § @D%Bﬁhitg‘hglatvp e %ﬁi‘g‘h is the sane
for bot hpyldig, iSEhatgdd HBreBy bidtiAE the 3D volume and the probe in space. The steps for

carrying out function 450 are shown in FIG. 9 by way of flow diagram connector 9A. In

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 to 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 (e.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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probe, is changed, thereby rotating the 3D volume and the probe in space.
The steps for carrying out function 450 are shown in FIGg ﬁaynowy of flow
di agram connector 9A. In a step 902, the new 3D orientation for the 3D

vol ume and the probe is input by UM210 20 fromthe user. In a preferred
enbodwompsrsef t he present invention, the user inputegTiuser2983w ori entation
by clicking a nouse or other type of suitable user input device to snap a
poi nter onto an axis of the probe to be rotated. Manipul ation of the nouse
or user inputInaMap’Qﬂé UIMi2sendslaeequest enrbtate in BD epace taGPM 2R&to dven t he

desired s e user, agajn cli t e or user

i nput de 2’% éé@ﬁ@?%’m}&ﬁ ﬁ&?ﬁ%ﬁtﬂfw%’g%w be readily
appar ent 239 Bﬁ?m@:ine?i‘iﬂnﬁlhr th Bhalt b@cﬁ&h@a}i@&t the dhta BRYsleRirdctBAl FRIFEHD opUCh a
change in orientation. It is to be undef st ood, however, that the present

inve nt | 0 rdatasrome 240 bmvﬁéfﬂziodmﬂldmd uport theopscitwselested by therusetfortheranner . For

exa e user | d | ect re-set ons (e. g
Forate ool purortt, Hre Agiciy <Rt sbfie Y B B uf S Baf L ore by
activati Qﬁtaaaléésqvnﬂombam roatedwe @ﬁq&l {tefd theldafa @ikt ANS VINIZBO ons by 30
repeatedly clicking a nouse. - 2006 WO 02/ 37422 PCT/ USOQ 29835 In a

step 904 mwlbmm&dﬁ@ﬂidwlﬁmqﬂbgpmb@bﬂmmAlt&DatS@btef theom@eity 220 to draw
the rotate ro [N 220 r ests ta for e rotated

br obe 1  dritoRFIessd B e Scithnn B ruple bae T tEh R il Bl e, i he dat
that is %ﬁﬁﬁﬁ&%&pﬁ@i@aﬁ&o@feofﬂﬁﬁ&a%%t@ﬁs@m@ﬂt MSMuE S Mithabtedepend upon

the opacity selected by the user for the 5 probe bei n&llerot ated. If the

opdeity dytMSMZI0 wéhxe@u@dhwtqmgemgmgméh@anwwmoa prqbabanal ues for the

pr obe bei .d are n th ata extracted SM 230 wll be
Pl i ted ooitefchohif pafiel (R Ban el it B BEAR R R AT RL ) 1 e
opacity rinlibingthe 6fbabythit Afustieirodegdedt he probe being rotated are such
that some of the at aval ues are opaque and sone of the dataval ues are

transparent, {tmeep 908 GEM &%ﬁ@%ﬂ?ﬁ&@@@@amﬂﬁwwlfﬂth%P%@ t he ﬂat a
I
ranner . iBokbe A GRKS P ibe T 8 abW DB REPaaol St i "y

m a5 M zi ngribites okl by sheakerféither Byattudwsappiag ofth decadRds of the piobp 908, CGPM

220 processes the data extracted by VSM 230 for the probe being rotated,
and dr andeimgaotptedins bwwlﬁmietr@dﬁmtm@m valympofithe prebobeingreltedi th the 15

attributes sel @‘lll“ t he
surfaces of t@‘iﬁeﬁﬂgﬁ%g&?%&?@{e tsﬁh%é s% §o um{a@} engerfléﬁea?'{ahg entire
vol ume ofa fatﬁsﬁﬁhﬂlyuﬁstrtb‘atrtbé aieeqiercewes the image of the probe, with texture

mapping or volume rendering as appropriate, changing 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 displayéd 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

selects the option to rotate while fixed in space, for example, from a “drop-down" menu.
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As the user rotates the probe in 3D space, steps 902 through 908 are
repeated at a rate sufficiently fast that the user perceiyggyidagei mge of
the probe, with texture mapping or volume rendering as approzrl ate,
changing in "real-tine" wth the changing 20 orientation of the probe. The
i mogevo &/eing re-drawn at a frame rate suffici entbgr/ismwhiss® be perceived
as real-tinme by the user. If a user wants to rotate a probe while it is
fixed in 3D space, then function 460 1is carried out. In function 460, the
3D ori enTletuserthafinpitethp new eriération fatlegrobedyy phckiga hguse af otbdrdyp8D or i ent at i on
of the 3D vpl Trre, t hereby rotating.the probe. while it is fixed in the 25 3D
space deffisyizp %Wefﬂ’é’mb‘fq {10, #1138 3 BOPLSr QBLOFA &F 9 FRS.P“PW???F&’ ner, the

backgr ouElyipRbRRESE he Bk SCIsey Bpft! RPRe ERMgAhdbidtAYR Af tHat Aal.l xed
orientation, and the active probe can be rotated within the background

pl anes. When thealpsirell arrientationyis nepckid; the vses agaimclipBs the maoushenuser inpRl G 10 by way
of flow ,diagram connector .10A. |n St 1002, the new 3D_.or.i.entation for
the pr ob%e"??q‘? ngelﬁf”gf/_l’mgﬁr @?‘f\?ﬁ)ﬁﬁmf i%‘ﬁ?‘ﬁ‘ﬁge ﬁg&ﬁﬁy_apygerg?op?%efog tSHJd embodi nent
of the phegRlevan¥®Rbw & impldAtentieh a SRh&GH SridtRion It is @ bdddérsioade While fixed
I n space, for exanple, froma "drop-down" nenu. -28 9 My 2006 WO 02/ 37422

PCT/ USOOhe@885 thah theupsesent; inventiom fauncd limited trechapging thearientatidroin thise probe by

l'i cki h t f | tab ' t ' t
poi nt er “BREEE afor piisy Bpimeskiouadued touty pinbEHt peBHREPR Fy or “the mouse
or user jofdis0° té RR ofRANIBEL45 B0 BelléFraightOdtc.Pby dchitdtingd ¥ Ufop-doWhen t he

desired orientation is reached, the user again clicks the nouse or user
i nlut 5 uhent, orby ssrollingthenugh the refations by r ¥ ¢lickingiagnoupa. woul d be readily

~apparent to e of al LN the rel evan [t how t.0 I npl I, such a

change in or&ér?tsgetpi@ﬁ#’ q‘W#g} Steg&naereﬂfﬁﬁtZPg‘f'%%&',hﬁeﬁ%e\%{l/%ﬁ;?e@h%t he present
i nvent i omg & BAY tHei rBlateB Prite. BNEAG 1186! GEM@20 e&fuddtd @ita fop theoatedmanner . For
exanpl e, the user coul d select froma nunber o re-set rotations (e.g.,

or of p i
rotate 9probe omheSMe330. dn arhayiner simiaratp dhay Jescribed: abeve. dhq datz that sht . etc.) by

tivati - 0 i the.rotati b
Fepear caPyeees GoRn 30 dothouoTik 2ty YENEE I fihehd hdHOMe oBEi60 BLL PP Y
rofsat e WidldetedfbyXouserfos ARGRobe®einR bbtated OIf the opacity stitiegy seleateddy flieobe. I n a

step 1006, GPM 220 requests data for the rotated probe from VSM 230. In a
manner sH§eF pgsuehothatalh datpvalues Fs dheeRpceingratalgd et apAgie, then thedataact ed from

3l d I VM. 25 ' . ] 15 sel d
oy the uouPPlY R b Nl it b e HARES B Mo PR R e ect e

by the Alternatively, if the opacity settings selected by the user for the probe being rotated are

such that some of the datavalues 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-time" with the

30 changing 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.
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user are such that all dataval ues for the probe being rotated are opaque,
then the data extracted by VSM 230 will be linmted to thed May286@s of the
probe being rotated. Alternatively, if the opacity settings selected by
the user for the probe being rotated are such that sone of the dataval ues
are apaoqusnrnd sone of the dataval ues are transpar @or/US®RIsMen t he data
extracted by VSM 230 will include the data corresponding to the entire

vol une of the probe being rotated. In this nmanner, the probe can be drawn
with its new Ifensesmants tomarrproutan tantapitking! pravess; thenfungion A0 iyoaried t y of dat a

t hat nust ocessed. In ste 8, .GPM.?2 cess the data extracted
by Vi 298 TagBepR i Eing S el e wipwtin R P LRSS RO ¢ 1 < new
ori ent at péihedttr AIRC Ind3fRp 210, ﬁbeeﬁ?@int withid te'daRWQF iR SIDAflaRE, A 4 he user,

ei ther by texture mappi hg onto the surfaces of the probe being rotated, or

by vol unselecting etiferigbasad o datavatucs, oreinput by UIMe218 fiopethb gsengPrefrabled. As the
us rotgtes the probe ile it s fi LN _space, ,Ste 2 through 1008
argsrrepe eg«asd o.ug?sr\gi?gn% faﬁaé?té’ﬁf? Isftgagﬂeﬁxﬁgl?&oﬁg. ﬁ%‘_iﬁsg%’sagé‘%s the i mage
of the pPreB@proVelifirefdrod tdlicfeiNB e AL IPSamplihy PobE G RFdsEI DARmPRRE OPr | at e,
changing in "real-tine" wth the 30 changing orientation of "the probe. The

i mage i spibp-ndowever thasmeedipoiat can berwithin the datasetraf wpxels thet defimss theddlbe per cei ved

e - vt el Bk ouye oioks, i Mierd o SiursE feBrsiel itnn 270 1 o

carried tiRuker sdlb@s thk oftfonitOExebiitt dn/dubpicking Prodsd, foQBxaﬂrg{Ra, fb@aShepn in FIG 11
by way of flow diagram connector 11A In a step 1102, a seed point wthin
t hE0 dat adewn" menu: rbe yssrghsmapiacts tha geed poigtbeelicking aanqusegriothentipedr on

‘dat aval u re j.nput I . . .erapl .fhe seed point
o o a3 e R oo Mg g°‘E’{?g§%§%i°¢g‘§erdaS°€'{r§‘fo“§: T el o5 D ow,
such a pefiefia csn belmput, gk dxampR| by prapliicalyseletingd maga lok by kpyiapen or an eraser
3D sanpling  probe. However, the seed point can be within the data set of
voxel s t Fgeifigapmedenl vplucs. Byouldde ropdily enpesepida opy ofakillie theyeleywbe. 1n a
pref er 1 eqlo SEPAIATRI 10 usdiiSoR 5388 AIRY S Vbl USET sl ects the option
to execute an auto picking process, fTor exanple, troma "drop 10 down

merfu. The useh ddugl19¢) @M 210 derdswa adtopivking riguestito GRMRE0ao dgawdke or ot her
type of suitab) e user in vice to snap a pointer_onto the desired seed
poi nt . THJaeHM 'ptﬁﬁtepclﬂpgz:&lﬂ\gf@d?ﬂ‘ﬁgsﬁef?ﬁ(ﬁgpm?féfmW&W%YSW@r aphi cal | y

sel ecti ng 888 Enoi HoSY LR e f | i .o |t would be
readily g%%tgrlent ?%H{Snake)é/of sLhiH??rhiﬂ t he Fi?%v%%%ﬁ:%%%k y%%ianput fromthe
user a sdatavaheiwithimtid séledtionrcritesinge of dat aval ues.

In step 1108, GPM 220 processes the data extracted by VSM 230 to draw the

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. Alteratively, 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 used 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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15 In a step 1104, U M 210 sends an auto picking request to GPM 220 to draw
the rotated probe. In a step 1106, GPM 220 requests sel ec® bty @2006ts to

i mage from VSM 230. The selected points are those that are connected to
the seed point, and that have a datavalue within the selection criteria.

I n stye@ozlksb@d. CGPM 220 processes the data extract edpbyuiselhsidsO to draw t he
20 selected points. The selected points are preferably highlighted by being
drawn in a color different fromthose used to depict the features or

physi cal par aDrieduto pitking Sundfibw §1UizENitiGed By 3105 userNit @hbatcaiviel Yout St ep 1108
can be carried out to "erase" or delete fromthe imge the selected

poi nts. simulfancopsly with,fansrampleduqvs fynction 439. Fubismapeeres theysgrmevesised t o

n n _ { i [ i b

o ot 1 nily PEeReRtugs SRR A ol ep PR B D B35REeR 28T, o0 7

probe. Asiffidentty fastthapthie useriptiecives thetmege of thelproby alithabe selested pbined. Poi nt s
reviously sel ected by an qut i cking operation that satisfy the de-

E elPecti o Frest ]i:r??'é‘f% ngﬁ\eicgﬁngwgg@ag%ﬂ%i%i’%bf' fgithegeobeds ‘B‘é‘%/qdon. As the

eraser 3&%@@&%&& Bty c%‘ib@ﬁigﬁl?glﬁ&ll@%%gggr@fiﬁﬁéﬂaﬂlgwﬂfm&eww;&ie' ect ed

points are del et romthe T nmag e Inmage I's re-
suf fi ci ethelaytofmeking 3D smphieg pbe friction as e dhighlighter'bas it theves izought®0 9 May 2006

WO 02/ 37422 PCT/ US00/ 29835 ce,apto pickjng function 470 is initiated by
t he userdDvplugig, @“@téﬁ? ’éﬂ%H{Obeé*i"i‘ﬁYpF%’é’H@M?‘S'ﬂ Ytsﬁl?"tF‘gﬂ’Y%FPpl e, nove

f ti ' ] " 1102
uncti onpgidfle ?gﬁ%ﬁdﬁ'cﬁnﬁgrﬁ?&éd G elefi S5k R Stherb B Mo probeP

t hr ough ijlOS steps 702 throug are repeat ate
. SUKf i ci efunkcjorfaman "¢riat” or biesan B sampElingerobe as it hevesthgegithe 8D eolomebe, with the

. sel ected, pojnts . ch i.ng i.n,"real:time" wth the_changin ocation of
t he prob@e‘&?%ab?e&g%@g%‘ééﬂ?gf pviLghadpme a‘ﬁé‘#ﬁ?‘%‘%ﬁﬁstg‘éé% ghl i ght ed
by bei ngpdeaid ds Pealtifié by @ 1BerCOl OF, thereby having the auto-picking 3D
sanpl i ng probe function as a "highlighter" as it noves through the 3D

vol unme. Al t erlfausersiayts togeatdm "ripbombseciion, Hberefinctioo 480 is pprf@micduthey sel ect ed by
an auto | cki ng operat.ion can be ©erased’, or. del eted.framthe image,

t her eby H: |”ﬁ§°s?”r%?°5#’ AR éﬁ%?ﬂg‘ﬁwgéesﬁﬂbe%&’g‘%eé&lown@?‘?&%"5?E’SD sanpl i ng
prgbe asrid. 17RuE By Why B£tdbckididratcoRbibEL8A ih FIG) fgher enbodi ment, the image
is being re-drawn at" a frane rate sufficiently fast to be perceived as

real -time by Keaserswnts to fregte a $3 syitage’gepresepiatien of aphysicabphamomens i on, " t hen
function.480 Ls. p orned, ., Th st.e ess f.0 rformng function 480
are. desclBRHHREASRLPM IR s el e EPin 0 FR e bRk B

for performing function 490 are described further below in reference to FIG. 19 and by

way of block diagram connector 20A 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, or

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 processors 1212.
Supercomputer 1210 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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15 FIG 17 and by way of block diagram connector 18A in FIG 18. If a user
wants to create a "3D surface' representative of a physical phenonena
found within a 3D volune data set, then function 490 is pe?Mey@886 The
steps necessary for performng function 490 are described further below in
refenggessia FIG 19 and by way of block di agram epgqssul943s20A in FIG 20.
20 In any event where a user desires to carry out one or nore of the
functions described above such as nore probe (430), re-shape probe (440),

create acémbiBRbnoERrdWwite add48fwaraNAl usdr Bphietics 218 dNbiisérd®&ntroEach function

can be perforned independent of, or in connection with, one or nore of the
ot her f umed inpwidnfompation tegephisscupaenpuer £218. 12, one enbodi nent of a

A o aphi o suboPREHAEY efetrird PR slielishits W' BTN, oo ng
uni ts ( Chdiengavilable 66m®ilfcod GlaphicH s MonftatsView, U4, Gonfigaret Kithsight r andom

access nenory (RAM 1214 that can be accessed by processors 1212.

Supkr c onprecessors,otheee graphics Pinelingss 16 6B of maisy meypip Apd 350 GBdiski 216 t hat

al so acce ' h jons carried
out by Crmerh ek Eafugnich Bl pRr a5 Seh st B G 00

speci al | aeHitghapkd provift high SFeed sendeaingdbnrddtifle MaphidOfipelidés, Q3aphids? 2 :
PCT/ US00/ 29835 combj natj on of hardware and software. A user input device
1218 al | Swsrempyters from othasyendors, suehpsHewlatt-Rackasd Gompany of Ralolio Gt s

superco ' : r hi cs superconputer is an
Onyx2 In ?%ﬁ%ﬁf?ﬁ%&%%ﬁéﬁgﬁg%&ﬁﬁﬁgm %l?l I con Graphics, Inc.,

Mowumt ai n Vi ewThe€Céeaphion Hatg dsradhgnihi imagegtat be Hisplayed ds sa $oonk frapidcgr aphi cs

pi pelines, 16 GB of _main neppry, and, 250 GB of _di sk nenmpry. Such a graphics
super conpipeEsompyter 1210t sxpnitivlerscrean gisplaysystam IFMF Brogqelgn ontgrichi t ecture to

provi de Qi Qﬁﬁﬁ' 4l F3-p! tﬁ%i@g@ ' ' aphi cs

supercon%%tg%lrlzzggre%nt]ﬁ %t eri%hﬁig@ﬂg?gﬁzas M%@?@Fﬂg%;ﬁa&t@pany of Pal o
Al t o, CApemspecturofiuser oiswiigdinamage dulscra¢rei230,thedthiree fidjectorslimthaleadefbe used. 10
The graphi ¢s data formng the i e to be displa I s, sent from graphics
super corrﬁ[?e"’é’tmrll%%@) § genter gfﬂ’et"f"ﬁllggig@f‘ééﬁ‘gg? E"Bleg T i‘?@t e&@?ﬁ%@?ﬁ proj ection
ongp 3 SRR 12 3owd, Tnd HeechOLEE M not NRHEd tdthE b ofly phitici: PT O] ectof s

are used. perspective o user view ng the ge on screen 1230,
. t he t hr eeupbajofptojectors.ncl ude a | eft projector 1240, a center projector

1250, and a r i’x%?écto? 58)40 o grpro}ezc gﬁ ﬁéldtogcs)grggn fz%,esﬁown generally at 1242,
between a point 1241 and a point 1243, Projector 1250 has a projection field on screen
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 ovetlap 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 each 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 to form one
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15 projectors are shown, the present invention is not limted to the use of
any particular nunber of projectors. Projector 1240 has a projection field
on screen 1230, shown generally at 1242, between a point %BW!ZQQQ a point
1243. Projector 1250 has a projection field on screen 1230, shown
generw0Py/37422 1252, between a point 1251 and a poi nPCI/BSB29B50j ect or 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

over | ap peagilesn imapeon spreeiil. Spisable displ@sandpuejectorsysterss aelasailaple pr oj ecti on

fields 1262 2 v n_aoverlan region 1264, between points 1261 and
1253. Thﬁ&%%%’%ﬁ%%’%@ﬁﬁaﬁg%aﬁ%egmgrt%ec?oﬁ’tug hree (left, center, and
right) over - | BIgRi1PghowilmialtBIRAE emBYdifmbATHf b 30APMSH dystem@hiRbld fogutdre three 25 -
over -1l apping sub-inmages, the field-of-viewto the user is increased over

t hat avamithbthe preesnt teveatipn. e Inothegembndiment shewn hinoBlgh thegmapldcof | ust one

praqj ecto J g o three 5 | i sub-i mages shown
"G " pefRuPleliATR Gnabiif bio blftgly s SoR 1315, R PR SiE T

regi ons gadkicanetiules $216aGeaphie rodkpatichs buffable for ufe idthe edbiddimeltshowir een di spl ay
system 1220 accounts for overlap regions 1244 and 1264 in a 30 wel | -known
nmanner tBﬂgﬁg@-%‘f*memmpmﬁ%@ct%SWWM@chMb¢% one -32 9

A . [ ’ : i tabl
T L L A

such as bégcdlargraphius ajoritéravitabie fosdispiyGf glaghisd et asthatahdval indI6Senbodi nent  of
a conput E% a;i;stem sujtable for use_ wth the present invention. In the

entfbdi me &P referably conetof mopitgrs 328 displays the imagenfiths 31 3ampling confi gur ed
ith | 1.4 o]ngté%’ ?ﬁMsﬁ ' 1216.
VC\:flr aphrgsbﬁéigl%@?ggﬁgﬁga?ta é13 or éé@en%ﬂg}gé%ol%%%tgﬁes 0\%]:?' e?n FIG 13

ar e avai kaglimg prabepfighanc bi). BIGPIS aiw, shbwca keybodsd 133 ad asymise1x32 Each

gr aphi cs dule 1216.is connected to a nmonitor 1320 for display. Mnitor
1320 shomagR’ﬁ?t@F‘é‘FﬁfﬂW‘p“'b‘@W%ol or graphics nonitor suitable for display of

graphi cs sucha asmbitatsySBRMhab of ing%%tiaéﬁﬁx@ﬁ’oqﬁﬁtx d@§c‘ﬁfy€ifbl?e%iﬂis one of

nmoni tors 1320 di splayS the imge of the 3D sanpling probes, and the other
of 151oni t shiosvnl B2Monti dedilaips KGe 14.aGompsteneystsn 1402 includespeneadremdie  sanpl i ng

probe program 110. FIG 13 sho keyboard 1330 and _.a pouse 1332
that funB ‘_’r§f§u‘i].?§§?r°f"ﬁfﬂ51134£g’@é’%@&ﬁﬂ\&%ﬁ%\%“é‘?ﬂg%‘1"%‘\“&%&8’6 W of carrying
out the 14§ WaAHasbitifard b HEdribel f terms of this exemplary computer

system. After reading this description, it will become apparent to a person skilled in the

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 étorage 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 a removable 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, redeable storage unit 1418 includes a computer
usable storage medium having 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 1402 includes one or
nore processors, such as processor 1404. Processor 1404 is connected to a
communi cation bus 1406. Various software enbodi nents are Y¥ay2088d in
terms of this exenplary conputer system After reading this description
It WWOopaene apparent to a person skilled in thePCr@SeN2sss. art how to

| npl ement the invention using other conputer systens and/or 20 conputer
architectures. Conputer systen11402 al so includes a main nenory 1408,

pr ef er abisystamaBmSudvaens Capdpgludg, iomrarnpleampn@émblastg@gfr vt 1432 and secondary

menory 1 I 4 é?d”@!ﬁ hard di sk
drive 14 ngerga%gﬂgg@r%&%%?ﬁg#s Ct%ocgagg"g Fi véﬂo%fhﬂ% resen |ﬁg a floppy

di sk dri Viterfie (g that fduapih video geme devicep) ae&iovsblsineﬁbny\cmp (aichas 25 Renovabl e
storage drive 1414 reads fromand/or wites to a renovabl e storage unit

1418 i n 2B ERROMjon BRAMans apsociatedtopkaes) and othsr regovehle storsgaiwiits 1 esent s a

(11 e PR ferBRaR b @ilon 0baR anf it o B8 GanliBeR RolPrch B98P, 20"

r emovabl etosdgeummnrtoborﬁpmﬁsymm a conputer usable storage nedium
havi ng stored therein conputer s ftvvare and/ or data. 30 In aIternatrve
enbodi nent s, B‘r‘fﬁfafﬁteﬁb%zy“’? ¥ wglpde g qopunisatiens igteffceat424mpans f or

al | owi ng nto conputer

N R P Z o o SR B e

i ncl ude, cbmputmsqamelAOAaucémﬂldews&sorEagmplﬂlof cddiBnieatidns mterfand er f ace 1420.

Ex | es such I ncl.ude a program r|d e an cartridge interface
h as 18%51 |Ehnrﬂd8'€ g%ﬁ%"r eipte %‘5 S“‘ah @P’é‘%ﬁﬂ‘gﬁy& chip (such

.as an Egg;@{hm ng Ahid Band; MApl e storage
units 14 cFrn erfaaces 14£2t0 V\g Iow software an ata to be

t r ansf er ceminfinioations mbarfod Hﬂwoma@uafomrof sighlP1426 tha cpubeelectsoateem 1402.
Conmput er stem 1402 ¢ al.so | u opmuni catjons interface 1424.
Comun; ¢ TP GBI PP PHBh B AAE S TR E e B PO HREORs anst or 1 ed
bet ween ;meaesy#24, SSigriaf‘s”iﬂGQx% iﬁb\ﬂde@% e5RAbn/eR/IOhE ﬁﬁerfagé( #anl @gnda]

conmuni cations inter ace 10 1424 can i nclude a nodem a network interface
(slth as1428. Eﬁh&emiéﬂ&@rrcb)? sxgaals wﬁmdp@eheumpl@nwmedpmgmmabbl ot and card,

etc. Sof re..and ran rred a ons |nt erface 1424 are
e f SR GO R ghfedinbl ST RE b fnf an TR S Bl et s o

optical e@pamatiger signals capabl e of being recei ved by comrunr cations

In this document, the terms "computer program medium" and "computer 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 computér system 1402,

Compufer programs (also called computer control 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 prcseat 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 in a computer program product and loaded into computer system
1402 using removable storage drive 1414, hard drive 1412 or communications interface
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interface 1424. Signals 1426 are provided to conmunications interface via a
channel 15 1428. Channel 1428 carries signals 1426 and can be inpl enent ed
using wire or cable, fiber optics, a phone line, a cellul @MayZ8Re |ink, an
RF I'ink and other comunications channels. In this docunent, the terns

" conmwo ev37gmogr am nmedi uni’ and "conput er usabl e neRCTUS0029835 used to
generally refer to nmedia such as renovabl e storage device 1418, a 20 hard
disk installed in hard disk drive 1412, and signals .1426. These conputer

pr ogr am 1424cthecostrallegic@ofiwart)p wher axesutkidriy psarkisont4841 useo pyatssor syst em 1402.

Comput er _ pr,ogr a | so call conmputer .control Jogic) are stored in main
menory 1%?‘23@?%?‘%%@8%&?&%%? 033516".“%? ®r prograns can al so be
received Vi gnGASMMNREIIRDS the ifEARAYs BmentdtT Prifmip ¥ RhrdRaRIr ams, when

executed, enable 25 conmputer system 1402 to performthe features of the
pr esent - nyingfor exsmple hatilwerg serappnestesush as application speeifit itegratddesirowitsput er

pr Qgr ans n execut enabl.e processqr, 1404. tQ rform the features of
th pres@fﬁ%g)hvﬁ?\‘qu%ﬁ&giﬂgcogrsaflhﬁﬁ'ﬁ‘%@ffoﬁ"tﬁ%ﬁ'{“&mﬁ%r"ﬁ S represent
contr ol | fmstidak deRABd R ciBWET R BppaR to %d@soa@sl@maqdmaavamﬁt@. the invention
I's inplemented using software, the 30 software nmay be stored in a conputer

progr am pr odUavetgnethersmbediment, Be inyppippésimplemented usingyrcombination efovabl e
storage drJ 4 drive 1412 or conmuni cations interface -34 9 My
2006 \/\0%@@3@%@%29835 1424. The control logic (software), when
executed by processor 1404, causes processor 1404 to performthe functions
of the invention as descri bed herein. In another enbodi nent, the invention

i sl0i npl eNETREMORERATION ANP RESURES dwar e usi ng, for exanpl e, hardware
components s i ' LE]C ] ' | .5 (ASI Cs) .
I npl enent at i gf\h Qc@é rsag‘%ﬁénéﬁ%éd)&/atrﬁgg rg.%egt %vé%éﬁ%@ﬁﬁb%&és?@egé}s rmt he
functi ong ddeseslume240ettat Boxthink soRmED dath Editataluch eprotisKistik@it i n t he
rel evant art(s). In yet another enbodi pent, the invention is inplenented

usi ng a wBRHNdsA) T uBRr spagifies the parielaeseimie daby volipmesto be psedywiiEISOPERATI ON  AND
RESULTS Ll t b VR A ] now be
descri bel %&ﬁb%&%%&@aﬁgg%ﬁo% gﬁ&%@%@ﬁﬁ@gg@bg& sm'gﬂlg\gftséilj (da¥vaval ues

r eysr esenspecifiesthe colors to ba ngedfdrisbasismichinplimdes Theodogiek bftmntgaeenppedni cul ar

seism c data volupe to be used, ich is : : ) ]
also be selected. The three probes ShOWlV\ﬂn %IG. 15 are all opaque, with the intersection

=

of the probes and the seismic data volume texture mapped onto the surfaces of the probes.
One of the proBes 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 selected 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. 15 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, a geologic feature, represented by a dark band between twb 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 contz;ined
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| oaded fromdisk into main nenory. A default 3D sanpling probe is drawn.
The user 15 specifies the colors to be used for the seismc anplitudes. The
degree of transparency can also be selected. The three pr9btay296wn in
FIG 15 are all opaque, with the intersection of the probes and the

sei snwe otz vol ume texture mapped onto the surfacegrfkodidagsspr obes. One of
the probes is displayed with the boundi ng geonetry shown; the other two
probes are displayed wthout the boundi ng geonetry. 20 FIG 15 shows three
acti ve pimbebackgioend ysdanes makin $helrendiader ofthe seisnde 495 woluhdeutsldd ef theont ai ned i n

t he backgr.ound. pl S din remaj nder of the seigmc data vol unme
out si de v\.eﬁfé’bgst3’?@‘91.631?‘555@5&%08”‘?ﬁ gs Spbe 1adf ; Yﬁé‘ﬁ?‘é"% i ntersect
each ot h@feuserghitbabiiotive hRabs C0fd dTtheYrobiel ShobiGn PICR 16 $s dpaqetl shaed. In this

manner, the user can nore readily visualize and intérpréet geol ogic
f eat ur esisinohposeible to wee theugheths mirdacekafahiy plobereln ofder e externglitethim  geol ogi ¢

acrbes. § AUSHBIOR Bk i e o AP BPeats e g B e o b RASERHL Corner” 1o

extend opf g a"0fta Ff@se DbechEcor Pt trasPir@ift 36 hioBe" 1k 805 REJ @A cul ar to
it. The ability to nove and intersect the probes with each other, and

t hr oughoaut a3Rsubeseeion of de tata probe; Hecausetho cwtgraebe insomplatady atspasentj nt er pret and

track the.extent, ,of c eol ogi ture. FIG 16 .il]ustrates how one
pr obe caﬁ‘%%(’tdésg’&e wﬁ&tﬁ.ﬁlae&rh@?% ;'g‘gtetﬁ ? i"gﬂ{’ parex%:prro{)% a probe. As
Wi th Fl Gis ptésenttifievidenteéd Byahe fatltieg the dpatk idtdnd bshlcadofiidalatidrsbeeadt ai ned -35 9

May 2006 WO 02/ 37422 PCT/ US00/ 29835 in the background planes and in the
r elfhi ndewisihle. ¢ BBe dmpgaplothy dntarseetipn o theudata probeand the cwhprabeds fhobes. FIG 16

i”us”aiﬂi\és%@ﬂr > QR ' &nggagoém s can be individually selected by the

user for eac ve probe ‘e probes shown in FIG 16 is opaque,

so that it i4 thied acHospiobd 8 showrsia F1G. 60 TUb tHildPrebeid dsRgye@iwiththes probe. In
order to see_internal to this 5 outer probe, it nust be cut away by anot her

probe. Theudingeeongatahawp, Bisdhirdprpleriayolume repderedowith vagrngdegrespef . A second

conpl ete Er?ﬂ@psar g y .a 3D

sub- sect ?rg?]sbo he t%?a{&g %%%agﬁ grg g%gtgxe '? ﬁgp%ﬁg%rog%g%?ébecagﬁp eg{ ely

t r thspar gedlogic fetitutes within the thirdprebé. A dshéwn ihdIGHeyshv third pidbe isfwbimd hat t he

conpletely .trans ent .oyt _probe .is esent is evidenced by the fact that

t he opaqE%‘d?’ﬁgﬁﬂ"ﬁgjy W&Eég SB 'S@H@’%‘ﬁ%ﬁﬁ‘r%%w@%‘%mﬂﬂy The i mage of

the int eﬁ&%{é]rg&.of the data probe and the cut probe is the intersecting
a

surface inter to the data probe. Athird active probe is shown in FIG
16. The t hi r dTlgr thirdvolsmelrendérad pdbeshbin i HG. 16 also contains selected points

that have been selected through a seed picking process (function 470). The selected

20 points have been imaged in a manner 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 user-defined traverses through a 3-D volume data set within a

- probe. The traverses cut through the 3-D volume data set sofnewhat 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 1710 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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boundi ng geonetry shown. The third probe is volunme rendered with varying
degrees of transparency so that the user can see through the outer
surfaces of the probe and view 15 geol ogic features withi n9Ma¥ 2086rd probe.
As shown in FIG 16, the third probe is volume rendered partially within
t he I esdamection of the data probe that has beenpeigs@asssby the cut
probe. The third vol unme-rendered probe shown in FIG 16 al so contains

sel ected points that have been sel ected through a seed picking process

(f unct i opoirs jch af bentmbpeints 4716, 2T 8paidit720,wehieh thayete selevtge foimra facemanner to

hi ghlight themfor the user. The sel ec points are shown in FIG 16 as
connect i @wﬁ@mﬁ@%@am&ﬁmlgﬂﬂ ﬁg“s‘t‘ﬁe%ﬁ‘%“?ﬂe?dirﬁsl’%?ﬁ“tw the darker

sphere. mﬂoﬁb %idges&dbwﬁﬂcfv@?@ﬁte%& ﬁmiﬁpgmtﬂman Sectibrl AORrAAFy, A 1710 in

accord present i1 nvention. Like the probe, ribbon 'sections area
3- D vol upmbyeabelmadea bpaspe aet thedbbodSedtion cati lphadgitagspdmntif désirady user - def i ned

traverses thrgqugh a 3-D, vol data set w thi.n robe. The traverses out
t hrough t he 3t Wﬁ?ﬂﬁgwug’gwe‘g@ﬁé%ﬁ’ﬁ?éﬂt“@wa&égﬁﬁ?%ﬂ 28835 ¢ hr ough _
dough ang,d Rehefo1R221724! £l 3726 Uhich cHIRLBVely 88 ref@RMitGas g1324ch as cookie
planes 1712 and 1714. R bbon Sections nay display thé 3-D data in

or i ent at wbich istlikan pdiygentiut may cmsayanot beclased f Therefare, thdlmesegneamtsandyon of t he
ordinate_axis of the 3-D vol.ume .data set. .30 and/ or probe. Ri bhon section
1710 | s BEd0R dyasbing 58 Al heitide SrRlple Fodkfcoifes BRE B prodd bed her ei n
bel ow. Thie, %ﬁ)&%& 88Boddnet ONK hréa bt &&Qﬁspﬁ{y?i.éjﬂ{e'c@@ﬁc Bhénéé', Bipkdiddtéy cont rol -36
9 May 2006 02/ 37422 PCT/ US00/ 29835 points such as control points

17106, 17 18ongadirestiapermshdiciHaniedhe probsfaceqiane dnd thedatadisplayed may extend pr obe
referred,to as the."prqbe face.plapne. " The user creat e { ranspar ent
cut pr Ogeanaogpas‘é%faf«g@%%%@eere{egreﬁﬂqagl;lgeaggpwqgwréﬁaﬁy fﬁcﬁé’zﬁ'ﬁ‘& rg'gﬁron secti on.
Al t er nat gpégting a fibton s8EtREthE aker mﬁrmame PRAS BN of ReybbaldReselé®ct i on can be
made transparent if desired. 5 The control points may be used to produce a

pl ur al i t yows, dragner greh Hereontral peintsde edif the sibberyseatiansl 710 apreatzime anghd 1726,

whi ch col ect i,yel reorefer as. p | i 17 i | I ke a

ol ygon Hiabiey st i an B 36 ot sondife Sk M I Sd 1 S ey
forsm an opeEN IPEdEi@SE dditihdee $iBbdnMeétion 19100 vievodiffereht dapl fore iRBDE Pl anes nay
be produced. In a preferred enbodinent, the area of data display, i.e. the

cooki e prelnwe datagsehwishia theprobe thy entige Hblonrseetionok71f @pderebe iayabe t o t he probe
; l ek ifi ' f th
06 "t b nd e SRR G e il SRRGAREshrce of the

volume data set outside the boundaries of the probe at its prior position. Active control
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
moving, deleting, or otherwise editing as discussed further below. Control 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 system 1810 for program modules in a

25 presently preferred embodiment of the invention 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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creating a ribbon section, the user may use the nouse controls or keyboard
to select, nove, drag, or grab the control points to edit the ribbon
section 1710 in real tine and display different data fron®May28D6vol une
data set along the cookie planes 1712 and 15 1714. In addition to editing

t he ﬁb@Qﬁ@uﬁﬁCtion 1710 to view different data fropcikSeepesssvol ume data set
within the probe, the entire ribbon section 1710 and probe may be

simul taneously noved to a different position in order to view different

data from t he (Rokie\Rirdgd 1824 nanfties Tb et phgath oupptiad beprodt 18PE probe at

its prior position. Active control point 1720 is preferably high-1lighted
or col or epoiefmanagert184 distributapthe dataseg. corira) ppints add, reeys: andidelstsiast s t o

i ndi cate contr.ol i.nt 220 1 S i t 1y e I etations such as
vt g, © AEPRPFRE & BB ppd moBut 1578 n oIS b SoalaBR i 0Bt SUCH 8O |
poi Nt's Maypesld€ ditisa¢H & dhserting € beu@dbipaiiit] @okie Meanhger 182l redeivebdila fr6mt | On
construction. The ribbon section geonetry and qrientation may al so be

savéd f orpolylingmeodilsrig26 euknasiesthe drigto avgkigplane mpdple g8k di agram of system
1810 for progrimpdiihiee lk%&brg%naéeé @&?@1&@& toypoggﬁlg ?ﬁsen%d?{rgggrre Rt of the

I nvention for "prroducing ri ctrons at T rates as

di scusseccongblgioihtsihcvguncRonivith polgbrker bRl 188Y irdlgwlystaictmaileddsd.ext  for
sketching polyline 1728. Prohe npdul e 1822 supplies user activjity data such
as rmusg"c&yhnskwérls weaialy mspdded; for ViRl tefersnceg diolylige Aodule 1826 iBer activity

dat ' : . Ci | ints.
movi ng. of SR it Bty Bhce Rk 183 ety R SAEIAAL QIR FELC| The are
i ndert ed instiueSiy teantivieidle, a-canfrodpdihtcai BOMo VA op A¢letéd ZPheRCiNeldBAII29835 Cooki e

‘manager 1824 nmnages the user input ?at? sup Iiﬁd b rqQbe 1822.  Cookie
manager 189, Yelasacty _ "dg@'gl,s Pestegab 3@6&1?1%3?3 prgli“’}r/ff’gm’iﬂﬂl,“tsme, and
del ete as,, éeﬁ%h@éf@as%ﬂggﬁé ﬁn@&'i%'vie%gm?‘é%ﬁ:“ 1B RBdaE PRqRkiGesP! ane modul e

1828. For some types O ata, such as Inse ng a control” point, cookie
manager 1484l ceteit\sach abdiighliphting orSvaped gdlom.cforrthe whntrd $Ridtsorodhgasses t he data

t Ki I dule,h 1828, Pol yli, l e 182 t | ated t
ol y1 1 ne. BPEHOTAETE HOTAIORE 54 JiF AU FREOnIBP TR PR LRGN w th
polpgmer kegqidd whEmhAdr medde ?ﬁ%&g%a?p%é&&t@&ﬁ%sthe'f&hﬂ&diﬂﬁpﬂt%ﬁS i's mainly

provi ded for “visual reference. ine nmodul e 1826 in conjunction with
pol yst at eadjaveintiactive3@0trotping #2820t he state of the control points. For 10
ont r.ol be .nmov or, del eted. The

I nstance, ,in.the active te,.a 0] nt_.can d
active 009?‘??‘69 plang, moful slgé P’é?é"dﬁ%%?%ed&mﬁ'ﬂe ; %?%Paﬁ%‘om?‘%“ &f er abl y
hi ghl i ght fiflogrd 15 -reRRH Féd'ged1OdibHl Bath R the surface of the cookie planes such as cookie

pianes 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 system 1810, probe module 1822 may notify cookie manager
1824 that an event has taken place, e.g., a marker deletion, i.e., a control point deletion.
Cookie manager 1824 then notifies polyline module 1826 which deletes the marker or
25 control point and joins up the two surrounding lines into one line and potifies 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 fault surface. In fact, this method has been
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be enl arged or decreased in size for easier view ng. Polymarker nodule 1832
provi des visual context such as highlighting or varied colors, for the
control points so that an operator knows which point is i8Maye086tive
state for noving, deleting, and otherw se 15 editing. Polymarker nodul e
1832 wd sp3mamy provi de text such as the |ocation i ngicgmkéoosssadj acent active
control point 1720. Cooki e plane nodul e 1828 provides textured geonetry,

whi ch may for instance be |ithography-related for geol ogical data, to the
sur f ace dburdheemsily mdquidklyasvidedIhvalsme vskalieatiop farmasd ideitdficativoh and 14. Cooki e

state nodul e 1834 nitaors . the state_of the cookie planes_20 so that in the
active sp’%‘?@r%ﬁé’“d’rr}o gﬁ?}%‘cé&% %;rféqe&nggwg% her %W%BP%&?‘E?P ﬁ%‘r‘\m‘%e. edi t ed
wher eas | &Q@&@gﬁ%&ﬁpyl ZH}OdeQ&ﬂJEQ%n@ﬁs% df%etﬁ%lfbﬂﬂe?fé@&ﬁ‘“on of

system 1 pr o 2 °may notify cookie nanager 824 that an
event hasnventien Adthaugh themethed ia deraribediin wotedetan helow, in ggneml homethodl poi nt

del etion., L. €. 1824 th ti.fj |4 1826 whi ch
PR e e o e T L T T R
lines i ntGyohagadel19f0. anﬂxmnidaﬁmfmmﬂﬁé&mw?ﬁew&mn@p&ﬁﬁ@ve the

del eted marker fromthe list of polymarkers maintai ned by polymarker
modul e 18@2per@ooto visuathnlacese congolpoinisonzosntturesi intaseshanglyhsn subpeated convert t he

t I | ot o FI 19 ill nbodi t . L.he, i ti
for br oadrbine FRE pceaf0 el pL Ren Rt of GRP s BT e o "oy et oal
phenonenasgRse1910 8FthBY inferpoRitedietwdn dibhifialgRintSadiheisew d‘oﬁ&olgﬁsﬁiwl e, a
geological fault surface. In fact, this nmethod has been -38 9 May 2006 WO

02187422 PeTruisd poinsaesy besesily editedaa oved tamapreencutately dsfingthgswdpe vol une

~visualization f r api,g. i tifi | | B, r ti.on_of  geol ogi cal
fault surf&c éasl.ﬁli-lg%lg‘g%egﬁﬁ)gf; t?gl%semé&gﬁca%v 'a?ﬂelgi"?)g)%g gbf“hbgrmp e?t;?ges of data

coul d al smtibfe Sufackinserpleaion ib spléte,m which fifne tHeguniRt b9l cah bé dagedor esent

i nvention. Although the method is described in nore detail below, in

general the ndhhsensembodimengokthe invention disclegsd by EIG.dgipravides amethods cont r ol
ints 19 0. <] . I
221321 ﬁat iog‘%api&g ?%é%@%%?%&ég‘%‘%é@o fag? {;)}{)fg&f %’E’Z&%ﬁ&gé}? %&@é@ an operator

t 0 19i sualdaya deQCHI £prefefied OinbeidmBits3-Dprobes] dstiidcussed above,nikeiRa! Thech as a

suspected fault line. Probe face 1910 is then noved, and a new set of
control pogthedinyeleespopitmuptings pluglity pf gnling guryes, sich pesplinggusyepil4pad bet ween
the initi | gibd . . | REals oints may be
easily eotlﬂ % g@%%%ved ]%o o gégl%rﬁg%%%ﬂsggﬁdnéﬁ)ﬁnhé s%@ghatg

displayed on probe face 1910. Spline curve 1914 is interpolated using an algorithm

created in the same way as spline curves 1916, 1918, and 1920 are interpolated. Spline
20 curves and 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 control points, such as control points 1902, 1904, 1906 and 1908 on the
probe face 1910, Markers ate 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 a new
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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may be 1912 at a real tine frame rate as di scussed above. This process can
be repeated wuntil the surface interpretation is conplete, at which tine
the surface 1912 can be saved. Thus, one enbodi nent of the9Mayed®0Bon

di sclosed by FIG 19 provides a nethod of rapidly constructing a

t hr espgozrgegai onal surface or fault found within a ePustohsy3® 15 data set.
In a preferred enbodi nent, 3-D probes, as discussed above, are used. The
met hod i nvol ves constructing a plurality of spline curves, such as spline
curve 19iglirercurvel dy pseloltingfgidanttStdionk swh asuntedetion 18280t 19381 yAconst r uct ed
when vi sual. i, zi the data displayed on probe face 1910. Spline curve 1914
is inter B@%‘@Egﬂ%ﬁﬁwﬁﬁaﬁl"&? t Hin V- s oy ai‘ﬁ bersanog &Y spline

curves 1 : a [ L DS and v-curves
1922, 1020044 Byine B shiofihe, el Bdthatly ol DR e e e The

t hree di owmwes inris same nfaane, dbd ifterpblatiorcafisatfzce d 912is imfnediltelyidisplayed spl i ne
curie, such as f@r instan(ge sg(ll'&ne g‘irve 1914, the user digitizes control
poihts, &tient e Tams 1Rl 23 YSqsed e 9% 04, 1906 and 1908 on the probe face
1910. Mar ker STAS @efthAiipith jbbelalEHBvEd bf Bbre Bt Soifts Suchak bdfrof Ur Ve 1914 i s
25 interpol ated between the control points 1902, 1904,'1906 and 1908. Contr ol
poi nts 190idts 1902,0904,9966 andi 190306 adjust theeposition df the tdspactips sphise éwve 1910,

th by i | ati | i 914... On t 1910 i
ot eot v et SR b Be Al iR e it s Sin e e W BRSud 20510 1S
oper al | 099yt RO Bl while 48 h 90X 8 8 i Sified BUAL AP e cldftniTede opague

in order to view surface 1912 through the probe face 1910. 30 The user then
moles t heplineshrye f Stdonitiee prebedace 89 Hrand thepriptaplivg corved A20. Jbk wainderw cont r ol

ints. T i | back .and forth bet i ousl ted
Po"o" et SRt T7 SamnY e H trg0r sBb et v e BV E BB SIS g o g
i Nt er sech@R& splifid\cude subtt £'1926 badytodeddio @dit 3 3hine drebpbhdpi@ihé spl i ne

curves are created, the v-curves may al so be snoothly and qui ckly

i nt er pol gurfate d&12hetvasn thesurrat spbing eurkg 1928 en theerobp fase pleeedi9)0 anddhe es a

pluralit .0)125 I.ne rves in the sane manner, and interpolation of
surface %53 Pl‘%gé‘l" lf:elc?ligtely displayed 5 at real tine frane rates as

- di ggussed her adaifions splihb urvicsiayih yddet BEtwebiexidifPeliad chr vl VRlesifd. Or nore
control %m nts, such as control points 1902, 1904, 1906 and 1908 to adj ust

t he posi Bysaleping giid intamsprtions speh agatid-aterseotipas 1928 on 19390, epby selecing ve 1914. Al
th | j | , inth
Saie wh PRID) PR En B hedi flch AP oML e 02, 0, ool Bia 1o e PO " 11

user may quickly move the probe face 1910 back and forth as desired. Once a grid

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 depending-on preference of the user. Prcferai)ly, only one probe
face 1910 is displayed at a time for clarity.
FIG. 20 discloses modular system 2000 which describes the software for
25 performing the functions as described in conunection 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 a more 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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10 spline curve 1914 on the probe face 1910 and the prior spline curve
1920. The renmai nder of the surface 1912 remains the sane unl ess the user
moves the prove face 1910 to another spline curve such as9M2@oafd
proceeds to edit the sane thereby reshaping the surface 1912 between the
curr and ogpline curve 1920 on the probe face place »tRséndsishe prior
spline curve 1918. 15 Additional spline curves naybe added between existing
spline curves if desired. By selecting grid intersections such as grid

i nt er sectprevivusiyGidtedanchlé Pooviding injtiabskehing splines arh aoipline 1 9145 whitht he probe
face, such_as control ggints 190Q2, 04,,.1096 and 1908, the user may

1904,
qui ckly mgllalse heobseryediopesimilariq the palyfines digcyssrdberembetgess Probgmogilee a gri d
qut poveTr e ! . agric
Wt ot 2Bl SRk Gy i SudhhE ol PR kGBS RU Vel BT 91 PO S

19, and snedules.eCilld gplivietrhodules2046] relates te vonteiing rfdnotionsifor dlse editablef ol | ow
interactively. The spline cyrves_and the v-c e . Qf may hot be
kIR

di spl ayedutiassenmapping featyrespchas suface 1912ishownia a#plipe modRle one probe
face 191Gy ﬂi.n% agxgeg | i ¥urve i F i nodul ar
system 2%88% |CE‘k e cIrn| %?dtzﬁ’regslsl%ftm@d?%?ezzééﬁgg%%g%&%g&?ﬁ% functions

- as descr 2024 ajerfumtioneihat apmdiffetent frorGthoi®usell pnlyrie cemtinghibbontsectionmdul ar syst em
2000 i nc or at es of .the sane nodul es used in nodul ar system 1810
for prod ‘H’t’g“&n?gegg% Eﬁ_‘s‘tf?[“i“%ﬁ.n“‘r‘;r% ?P{{iﬁg"’ﬂg_@"t“@‘l‘f’“ﬁé’i‘}c ¥ fF1198 Sfore general
control  defsihe SRhc&S élﬁﬁéihé’ﬁb&eﬂﬁéﬁoﬁﬁﬁbxﬁ@kﬁﬁﬁd%ﬁﬁc&%&igﬁ?aﬁ&f&%' ons as vel |

as surface mapping functions. For 1nstance, cookie npD e 2018, pol ymarker
modQl e 2@ ellas deag @ng Mirite fi@otions.d Hbreingtaed, splive inenages202) maytreadredner

di d ab | ating t duci ng .1 i bb tions.. Likew.se, prob
odul o 20¥g° tha PP & b HleferropsSXuhies Rk o LS AR008 % R 2006 VIO

02/ 37422 yfieildr eSHORY, %%&fﬁém&t %}s%mkoe mos@t‘ﬁ&pﬁﬁﬂkr&}ﬂegﬂﬁﬁ clifed,! 2l

sket ching splines such as spline 1914, which "w al so be observed to be

sim | ar tksepstrackhof whichhsplineituumayde ihthe sdliting drnreatin®stato endrkedps fack 2010

supplies r activity data such . mouse click d, keystrokes to the
various- d)tﬁﬁ gesrmﬁc{/?ltgﬁm_e S| ﬁﬁ@e Bloé‘g‘izoﬁ;afcgto ¢ ga0eStrol 1 i ng
fungt i onsnddefortiRRrpRtkih@ e feshltiny kP cidngs¥BPpPi Ng feature such as surface
1912 shown in FIG 19. Cubic spline nodule 2016, spline nanager nodul e

2020, spline Byrysingrihgusystemoanrl mgiiad ©fithenpresant finkeotion geologistomd ar e
functions that. are different fromithqgse. used only i eati.ng.ri bbon
sect i ons.B% _F'lcﬁ c%%&eﬁm%ﬁdﬁg?ﬁgwsgﬁﬁﬁ %C{;lp%g?r&(}ﬁﬁegp’é%&t?'unct i ons

such as crpéhailly fdduces 3D seismic project cycle time, boosts production from existing

fields, and finds more reserves.

- 20
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 limited 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 equivalents.
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del eting surfaces, changing node functions fromcreating a surface to
editing a surface, 10 as well as read and wite functions. For instance,
spline manager 2020 may read and wite to a surface attri®iex200fe
regarding attributes such as colors, showing the grid, mrker colors, and
the like. Spline curve nodul e 2022 keeps track of the spline curves, Kkeeps
track of which spline curve may be in the editing or creating state and
keeps track of changes nade to ¢lh&IM®! i ne curves. Spline surface nodul e
2024 acts on the changes 15 nade for interpolating the resulting surface
changes. By using the system and nmethod of the present invention,
geol ogi sts and_, geophysjcjsts can re,.qui ckly and accurately visualize and
interpret 3D séism %%ﬁb‘é{f for Hieeed Fep*f‘%e”?sé’&ﬂéié@ V@'Bm&esia’élr#"@e'proj ect cycle
tinme, boogsnd i 2 ip‘ﬁfr&j]i Lel.gs, b e reserves. 20
CONCLUSI ON V\ﬁnlglgﬁl\%gérﬂﬁgeu% goo irrentag) fé‘%’k‘t@’rfgcﬁg?%gg’r‘f{p h%@éﬁ??on have been
descri bed daeasiehal lodatiGhand la datheord,sdid datheard béilgadepredeaiytive al @ plpaeal pr esent ed by
way of exanple only, and not |imtation. Thus, the breadth and scope of

t he preseBhenopgem sdiGrebpdednprisve; be linmted by 25 any of the

above-descri bed exenpl.ary odi pent.s, and shoul d be defined in accordance
W th the spirit of - CRate B P RN SRBMeIE R TRS n and their
equi val ents. 9 iV QRBnaCbdpNRy probe s TRE A€ sizObr 4 BIE: BYsaRl thikkee- di nensi onal
data volunme, said three- dinensional data volunme conprising a plurality of
voxel s, each vdinshsi@oinjstaivelumeg sad thiee-dimensiinalesaspling priobd lagiag 2 pmbeand a dat awor d,
sai d dataword bei ng representatijve of a physical phenonena, said nethod
conprising; cr &8¢ infgrobe faceplane apdam opppsiag PabHaGs 4R ¥YPRPOSIERISPS 1888 probe, wherein
said three-di gﬁg ional sanpling probe is the sane size or a subset of said
t hree- di nensional data vol une, said three-di nensi onal sanpling probe
having a probe facerddikig Ppiebly bReRrdl R iAR4ld pRLORBOSARIsRr obe face in an
opposi ng probe face plane; producing a plurality of control points in said
probe face pl apbyalityaif contrpllpoint definngohe aormre livkes ahid pobeliaéeplinelg one or nore
lines on said probe face plane; extending .a rihbbon section fromsaid probe
face pl ane toward s&f‘tﬁnd“lgp?pg&oﬂd“ﬂ?lb mysaid probe ?F@,plaﬁﬁé""@ﬂg@“{)f sai d ribbon

section being foBﬁoQﬁEpr@% 73 ipgnc, one edge of said ribbon section being formed by said

one or more lines; and

selectively imaging datawords representative of said physical phenomena
only at three-dimensional locations which intersect said ribbon section and said

three-dimensional sampling probe.

2. The method of Claim 1, further comprising:

editing said plurality of control points in said face plane to thereby
redefine said one or more lines, and

extending another redefined ribbon section from said probe face plane

toward said opposing probe face plane.

3. The method of Claim 2, wherein said step of editing further comprises:

deleting one or more of said plurality of control points.

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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one or nore |lines; and selectively inmaging datawords representative of said
physi cal phenonena only at three-dinensional |ocations which intersect
sai d ribbon section and said three-dimensional sanpling p?Msg2006 The
method of Claim1l, further conprising: editing said plurality of control
points in said face plane to thereby redefine said one or nore |ines, and
ext endi ng anot her redefined ribbon section fromsaid probe face pl ane
toward said opposing probe face plane. 3. The nmethod of Caim2, wherein
said step of &diti Wgeﬁﬁﬁhf’%@frc‘é@hgﬁ@wSm%mfiedglngiﬁﬁth@rcomieesof sai d
plurality of contr gk4inQd : ned..: ' rein said step of
~editing further corgr%dru{ig;%dsaﬁmgf%;ﬁg'?ﬁé’gg&%}ggg?%g]%lg*g?ocﬁgu%lpg te of said
plurality of control points. -42 9 May 2006 5. The nmethod of Claim 2,

wherein said step editing furfher conprises: adding one or nore control
poi Aits to sai & pl u?ﬁ??’? °‘i)?fgg6‘ﬂ’c i'd’ﬁm’&&} $hidsribbon gectipn és pepepdienlato 0 ai m 1,

wher ei n s@idhrétefh@plagct i on is perpendicular to said probe face plane. 7.
The nethod of Claim1, wherein said ribbon section extends fromsaid probe
face plane to said opposing probe face plane. 10 8. The method of daiml,

wherein said gne o [ L nes. rise a .pluraljty of straight |lines. 9.
The met hod of 9CI ai "rin'h ,eﬁﬂ%pfg@mg{%emsabqn Seetonextepds fiom said osed | i ne.
15 10. . prbte fatped todaiddpposingl probdaéilihesai d ri bbon section is conprised of
a. plurality of planes. 11. The nethod of Claim1l, wherein said

thrlge-di mensi onal probe has a 20 plurality of side faces perpendicular to

sai d probe fage pl ! i n | OF [ n unparal |l el. with respect
to each of said plﬁfrilﬁﬁe?l?/& gF Eg?@gl’f@gfeésd. 9#"2%5@%%‘}95? g?ﬁsscf)glpgifeadevi ce
r eadabl e phyrality obsthaighelinesnmbodyi ng a program of instructions executable by

machine to performmethod steps for inmaging a three

9, The method of Claim 1, wherein said one or more lines form a closed line.
15
10. . The method of Claim 1, wherein said ribbon section is comprised of a
plurality of planes.

11.  The method of Claim 1, wherein said three-dimensional probe has 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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25 di nensional data volunme, said three-dinensional data vol une conprising a
plurality of voxels, each voxel conprising a three-dinensional |qcation
and a dataword, said dataword being representative of a pﬁWﬁy

phenonena, said nethod conprising; displaying a plane within said

t hree-di nensi onal data volunme; producing a plurality of control points in
sai d plane, said pl j. .control, points defining.one or nore |ines
on said plane; 9 l\/a;/&%%%yaex bénr]l |tr11(§1 tgon% i%%do ﬁnes%%t‘?%g Of?sfng%bg%ﬁ d plane, one
edge of said ris@aenbeing@sine@by ARioACrhdrd ek g said one or nore |ines; and
selectively imaging said datawords representative of said physical
phenonmena only at t iseleatively nmagirigosaill datawoeds i rgprssentdtive fof isaid hgsimat sai d ri bbon
section and sai d three-di nensi qnal ,data vol une.. 13. The nethod of Claim 12,
further conpriéﬁﬂﬂ?wﬁkﬁ XF&ﬁkﬁﬁﬁTﬂﬁ‘ Apsations oyhichytepsggt spinkP i n sai d pl ane
to thereby redegldi; i : Laes, and extendi ng anot her

redefi ned ribbgﬁhgggf?%#ﬂFggﬁF@%?%H%ﬁgﬁgggoward an opposing plane. 14. The
met hod of Claim 13, wherein said step of editing further conprises:

del eting one or nore of said plurality of control points. 15. The nethod of
Clai m 13, wherddn sdiemsthedpf&iaire i, furthey comprisiigr conpri ses: changing a

| ocation of one or e of said plurality .of .contro oints. 16. The net hod
of O aim 13, wherei ﬁ&é‘%ﬁsaldé)f ‘g'o(gc(g'éfg]tqoﬁ’é’?ﬁﬁ“ﬁﬁ@tet%foﬂ %yirg‘% © addi ng one or
nore control pelidé of Mosdhd Ahural ity of control points. 17. The method of
Claim 12, wherein said ribbon section is perpendicular to said plane. 18.
The met hod of C ai me#éhdingtaestisr redefiniedlritthiob betionseuii saiiplens t@neisanf r om sai d

probe plane to an opposing plane. 19. The nethod of Claim 12, wherein said
one or nore |i AESSiBERIYIi se a plurality of straight lines. -44 9 May 2006
20. The nethod of Claim 12, wherein said one or nore lines forma cl osed

l'i ne.

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

deleting one or more of said plurality of control points.

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:

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.

18. The method of Claim 12, wherein said ribbon section extends from said

probe plane to an opposing plane.

19. The method of Claim 12, wherein said one or more lines comprise a

plurality of straight lines.
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21. The nethod of Claim 12, wherein said ribbon section is conprised of a
5 plurality of planes. 22. The nmethod of Claim 12, wherein said plane is a
probe face plane of a three-dinensional probe which has a®May#i06ty of
side faces perpendicular to said probe face plane, said ribbon section
being oriented so as not to be parallel to at | east one of 10 said

plurality of side f.aces, 25,23 A nmethod for ijmagjing a

t hr ee- di mensi o%(gil d ee{n%‘?wm@glizdw{‘ﬂ?@é- h@f’?‘rﬁ‘r‘@?‘&r’l‘&ﬁ%ﬁgéd@m%m
conprisingne plurality of voxels, each voxel conprising a three-

di rensi onal |ocation and a dataword, said nmethod conprising: positioning a
face of a probe at a first position within said three- dinensional data
vol une; form ng; a fdq t . t .poi.pt.s, on _said face, o ai d probe
for tracking gl'phygll{eégﬁtﬁp 05%%@%2"8@%%?%%83%?5 OF 1% ¢frenus ‘?‘é‘nsional dat a
vol ufre, saluwhlity ofgflaneset of control points defining a first spline curve;
novi ng said face of said probe to a second position within said three-

di mensi onal volune; formng a second set of control points on said face of
sai d probe forgptr i ' i ; ' egond set of
control points 2clef ?ﬂ%&#&@%&@dg?&%ﬁ ’sg |rﬁlgrg§g?)\[%?%aan§a¥)%{a§er%l%&a?fis'"ng bet ween
sai d firsthregpdimensienal probewhicls basd pheaisyof sidel facee papendiculat  sdidfprote a

t hr ee-di ipnal .gurface representative of said ysi cal phenonena. 9 May
2006 5 2?@8@“%8?&5@{’%% Se&ﬁ“’é‘i%ﬁ"ﬂ?f‘eafﬁ‘i §asynot iornsmacatipkfo atfeasp pagAthg t he
suri@ce r efid plapdityedfiside faks.sai d physi cal phenonena, said surface
intersecting said first set of control points and said second set of
control points. 25. The nethod of C aim 23, further conprising:

i nterpol ati ng fetwe [ | sel,.of .control .poinis to.define said first
spline curve afn)% in g‘%“g@"‘?ﬁ"f irf%a%inn a\‘/\eh’é%a'dé%erb“%@ﬁﬁ Ve °0Fal‘ggl?{?er‘ol points to
def i ne sadanensional data volume comprising a plurality of voxels, each voxel comprising a three-

dimensional location and a dataword, 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 phenomena, 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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second spline curve, at |east one of said first spline curve and said
second spline curve 10 being curvilinear. 26. The nethod of C aim 23,
further conprising: noving said face of said probe to a thdMhy®B886ti on
within said three- dinmensional volune; 15 formng a third set of contro
points on said face of said probe for tracking said physical phenonena,
said third set2af chrtmahod s iOMimh Hefurthért@nprisilg:r d spline curve; and
interpolating between said first spline curve, said second spline curve,
and said third spldispaying the surface eapresentativg of sdidl physichbprenoa@®a2&i®7. The

met hod of C ai : r LSl NA: i.ting at, | eagt one of: said first
set of control mﬁ%?enltn{sc%tgﬁs%@ ﬁg@'ﬁ ggf& "%)tf a@c?ﬁ{drsﬁongﬁ?tﬁ? %9“%2]8. The

met hod of C ai pei®8, further conprising: formng a plurality of v-curves
mhic? i nt erconnect between respective control points at said first
position of said probe and said second position of said probe. 9 May 2006
5 10 15 20 25 %) ZQHmE&gKﬂQkhggmqﬁ,ﬂ}ﬁ&ﬂbﬁﬁﬂﬁ Jrther conprising: displaying
said spline curves and said v-curves, said spline curves and said v-curves
forming a grid repricipolating betwedn said firstiet/ off coatrol [poinmoweisfine sl fiksgr i d  havi ng

a plurality.of in secthons, bet ween sai d spljne curves and said v-curves.
30" The @H‘gé‘ﬂg?%@‘ﬁféﬁ?%{ng%mwwﬁﬁ %F?fgcfmféféw@e‘ﬁ tadelinecsaisi sai d
pl ural i ty sexbnd splies E60, aI8sst ol s8I irdt IpliRicHrve ahd SEF&ESddPliAeulier eby edit

sai rid, :
?O g being curvilinear.

)
' 26.  The method of Claim 23, further comprising:

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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31. The nethod of C aim 29, further conprising: selecting one of said
plurality of intersections to thereby reposition said face to pass through
said intersection. 32. The nethod of C aim29, further conpMayi2Qg6

sel ecting 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 Hgont i i d second.set of control points. 33. The
met hod of C aijrén' 23@%5‘?%@&%@%#@?%?“ %y a third set of control

points on said facdisplayingisald pplive@usies sl sdidf V-Efives, HRBiPlin®Burvéaind third set
of control points defipning a third spline curve; formng a fourth set of

control poi nt SAgN-caRreytorming agrid eepregeniatiyeef said physical pheaornend, spidgridi on, sai d
fourth set of j O 4 th spline.curve: and
i nt er pol ati ng h%@?é\égiﬁra@gddﬁ@ﬁ% b@p&%%ngﬁgé%hngﬁ S A4S VERCS b1 i ne curve

to define another three-dinensional surface representative of another

physi cal phenqneng, describ b i d three-di nensi onal data volune, said

t hr ee- dinens%@hal?E%W?§8é°§§%mg§i%“&ﬁb?ﬁ@?“ﬂﬁ%ee-dinensional surface being
defined substantisdidcsingtontsy SAIBNMING: of Mlercibhs, 209 Guoidng Aullr 097 @M
storage devi ce readabl e by a machi'ne, enmbodyi ng a program of “I'nstructi ons
execut abl e by IHesestigRto therphsrddissaid gidhod st eps for i maging a three-

di mrensi onal data vol une, said three-di nensional data volume conprising a
plurality of voxels, each voxel conprising a three-dinmensional |ocation
andla dat awor @}. saThe mehéd6F ClaintZI)Ririhst ddfiprididg: 15 positioning a plane at a

plurality of pl anewﬁ)ﬁ%s,i tions within said three- dinensional data vol une,
fornming a set of c¥HMCHRS onsf said plralispefinterseatigngitotharebyi reptogitiof sqid ane

positions sugh.t . i t of control points defines a rel ated
ol i R0 P el

spline curve; and " inter ween each of said spline curves to form
a surface representative of a physical phenonena described by said

three-dinmensighal fala ; dof 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 points.

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 cux"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
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volunme. 35. The nethod of O aim 34, further conprising: di sp:c aying said
surface representative of said physical phenonena, said surface .
intersecting each of said set of control points. 36. The neMyFo8f c aim
34, further conprising: interpolating between each of said set of control
points to define said 20 related spline curves, at |east one of said

rel ated spline34ur vaprdgtinigoagy devick faadble By madifie EABMFnSE ploeAin 34,
further conprising: editing one or nore of said control points. 25 38. The

met hod of OEfBsirAstions exegutable by srsehine t pryform anathadcsteps fdwimaking e tbfeey - cur ves

[ [ e ' | ints.at sai urality of
bl ane. pos L FaRREA g S el ARG S BIA LS by Bty B 1 35,
further cowpels,sachgoxeticonmiraing a thresdishesidnal16cativh A% datatofiddadt idethod Ves to form
a grid representative of said physical phenonena, said grid having a
plurdlity BFP' ¥ er sections between said spline cuLves_ and sai dfv-cg;ves.
40. The nethod of Glogkiohia 446 L e L1ES M&gl%' EGhhil %0 f sai .
plurality of i n.ter?ectli ong,apgnd m)\li/)} ngﬁ}s)a[@)lilrl?jl I %ngrasepit?“g%mtgﬁ{ ereby edit
said grid. 41. dmneslmmv@l}m@ aim Bg, fgrt her c_otrr_prl si ngéj stle;ﬁ_gtltggpggg of
said plurality of intersections to there eposi tion_ sai 1N pas
t hr ough said int ers‘g??*f‘%ﬁ?ett2%.“?‘?!8%?&%%%#8%@?W%prlmmﬁéensponpr| si ng:
sel ecting one gich st ehcE 6f sid¥et 6FRBAEA poRR dafiSesaQelhB@ MY cir¥BQalt | On sai d
plane to pass through said one of said sets of control points. 43. The
met BOd of C ai m 34,inteipplatieg beteen pachnef: said spline pumies tth dorns etsudfheec ont r ol

points at each Bl thide fHaPhilitd pheBbmadBEribed 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 control 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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posi tions,

another related spline curve;
anot her spline curves to form another _ _
physi cal phenonena descri bed by said three- dinensional
surface and said anot her surface being fornmed

time.

10

15

25

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 baving 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:
éelccting 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 control 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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such that each of said another set of control points defiges
and interpol ating between each of sai

surface represent at? YeyePO@not her
data vol une,
substantially at the sane

sai d



