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(54) Title: SYSTEM AND METHOD FOR ANALYZING AND IMAGING THREE-DIMENSIONAL VOLUME DATA SETS

1912 (57) Abstract: A system and method is provided
1930 for quickly tracking a physical phenomena
represented within the three-dimensional volume
data set. A plurality of planes may be successively
displayed in the three-dimensional volume data
set from which points are digitized related to the
structure of interest to create a spline curve on
cach plane. The area between the spline curves
(1914, 1916, 1918, 1920) is interpotated to produce
a surface (1912) representative of the structure of
interest, which may for example be a fault plane
described by the three-dimensional volume data
set. In this manner, the user can more easily and
effectively visualize and interpret the features
and physical parameters that are inherent in the
three-dimensional volume data set.
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25 April 2005 WD 02/ 37422 PCT/ USOQ 29835 SYSTEM AND MVEFREABTHERONNALYZI NG
AND | MAG NG THREE- DI MENSI ONAL VOLUME DATA SETS BACKGROUND OF THE | NVENTI ON
5 FIELD OF THE | NVENTI ON The present invention relates generally to inaging
of three-dimensional ("3D') volune data sets Nbre partlcularly, t he

pr esent |nvent|on rel atgg Jipf
structd Ay rol A y e+—endeavor
require the anaIyS|s and |nag|ng of three dlnen5|onal ("3D" ) vol une data
set s. Pibishedexanpl e, in the nedical fi &rdylegr GATond Weraputi@vs. zede deXvad- 15

t onogra fer FREFR 189" & magnetic re %ﬁzgﬁ 14 “ﬂ@@ﬁ&@ﬁts used to
prodgcepwyzﬁ‘%?ﬂpe" or dlaggostlc i % fﬁ%wg@ g%ég?” “patient's body.
The scanner or MRI device generates a 3D vol une data set that needs to be
i mged or displayed so that nedical personnel can analyze the inage and
forma diagnosis. Three-di nensional volunme data sets are also used in
various fields of endeavor 20 relating to the earth sciences. Seismc
sounding is one nethod for exploring the subsurface geology ofthe earth.
Anunder ground expl osi on or earthquake excites seismc waves, simlar to

| ow frequency sound waves, that travel below the surface of earth and are
det ected by sei snographs. The sei snographs record the tinme of arrival of
the seismc waves, both direct and reflected waves. Knowing the tinme and
pl ace of the explosion or 25 earthquake, the tinme of travel of the waves

t hrough the interior can be cal culated and used to neasure the velocity of
the waves in the interior. A simlar 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 exanple, a pneumatic device that works like a
bal | oon burst. The sounds bounce off 30 rock |ayers bel ow the sea floor and
are picked up by the hydrophones. In this manner, subsurface sedi nentary
structures that trap oil, such as faults, folds, and donmes, are "mapped"
by the reflected waves. The data is processed to produce 3D vol une data
sets




25 April 2005 WD 02/ 37422 PCT/USOQ 29835 that include & r8ril&dP?on or
seism ¢ anplitude dataval ue at specified (x, y, z) locations wthin a
geographi c space. A 3D volune data set is nmade up of "voxels" or vol une
el enent g0 E35H, vOxel has a nuneric value for sone HsGthegls cal cul at ed
property, e.g., seismc anplitude 5 of the volune at that zfocati on. One

conventi onal app I [ v data set is to
‘Cross-section th%@%ﬁﬂﬁ%@bbﬁ?ﬁmmﬁﬁﬁm di mensi onal
("2D') cross-secti on T EREERDIMENSIONAL VRIfeMBRAABA SBTSol ume data set is then
built as a conposite of the 2D slices. For exanple, the inmage of the 3D

vol unme data set is generated by stacking the 2D slices in order,

back-t o- f rRAFKCRHADOYIHELSYERTYIN ed into 10 a conpl ete inage. The user sees
t he i5rrage being built layer by layer as the conposite grows. Although the
user “can see the internal organization or structure of the volune as the
conposite inmage grows, the traditional slice and conposite technique is
typically _slow, particularly when very |large 3D volune data sets are being
used. Addi¥EERQFIYEINATQN | ce and conposite technique clutters the user's
field of view w g-ﬁgﬁfbld i 40n: oL wyytyh t he
user's abili tyvl'thtg%zraeg%r ate y§?/lléhgsu %@g%lgﬁ%ﬁ?g%égﬁﬁ%%%ﬁie? i)nher ent in
t he 3D volwolenékimses Shorepanipultrdy, the pfcsaminsertima rdesio fistwishajzetorspdci fi cal | y
for imaging 3D seismc data _sets for the oil and gas industry. Exanples of
sucHOconveelvsis af stgisrsatun R yume dath 5883 ude  Voxel Geo, avai | abl e from

Par adi gm Geophysi cal, Houston, TX, SeisWrks and 20 Eart hCube, avail able
from Landmark G aphics Corporation, and | ESX, available from GeoQuest.
Such convemtigmalAmaonput er prograns have nunerous deficiencies that

preclude a user from quick]y and accurately visualizjing and i.néﬁ?r preting
f eat ures inheréﬁ%ﬂyﬁ%@fgﬁe%‘ﬂweﬁﬁﬁ%ﬁlwmdmﬁ@ﬁ%@%% er prograns

for visual gk j r [ IS0 4 ae full 3D
vol ure-of &3> o0 dpt B oY Sl P U RCEY CATRRB RN S e, such
as gschangembgrapiid séahfddopamegesic REonangdmbiiyvg QERT) dogss is tdee td prbducdD vol une of
seism c data nust be processed, and the_ inmge re-drawn. Even when such

prograns & ©igyR" erdisgngsicymagerof sprapparg phppatieat’'s bodpe ThowprncepsMRine del ay or

cont al i g ee0b Rt 48 Aol Bl SR ME d B IEpd LGN ol VOt 55, 45

30 secondsmédital pa@sotaelicas aallyzp the ghagernt forfrex dlignesit.he conpl ete i mage (frane
rate of 0.03 to
Three-dimensional volume data sets are also used in various fields of endeavor

20 relating fo the earth sciences. Seismic sounding is one method for exploring the
| subsurface geology ofthe earth. Anunderground explosion or earthquake excites seismic
waves, similar to low frequency sound waves, that fravel below the surface of earth and

are detected by seismographs. The seismographs record the time of arrival of the seismic

waves, both direct and reflected waves. Knowing the time and place of the explosion or

25 . earthquake, the time of travel of the waves through the interior can be calculated and used
to measure the velocity of the waves in the interior. A similar technique can be used for

offshore oil and gas exploration. In offshore exploration, a ship tows a sound source and
undexwater hydrophones. Low frequency (e.g., 50 Hz) sound waves are generated by,

Vfor example, a pneumatic device that works like 2 balloon burst. The sounds bounce off

30 rock layers below the sea floor and are picked up by the hydrophones. In this manner,
subsurface sedimentary structures that {rap oil, such as faults, folds, and domes, are

"mapped" by the reflected waves, The data is processed to produce 3D volume data sets




0.02 frames per second, respectively). During the 30-425¢%¥8R80%el ay tine,
the mnd of -2 25 April 2005 WO 02/37422 PCT/ US00/ 29835 t he user | oses
focus on the feature of interest, nmaking it difficult to conpl etely and

proper | yWodpafsyze the seismc data. Some convent i onal , 3HEhed

i nterpretationprograns provide the capability to V|sua | ze and interpret a
pi ece of the full 3D volune of seismc data. The user identifies 5 the
coor di nat etha’rdhcltldeel refdction ekepmgoanplinale datesiue = gpeoified (x, Az)ilo@tiensof t he

sel ected pi s dr The sel ected piece can then be rotated, if

desi red, a‘P’l tgecf%@EFSB"?‘f However, to | ook at a different piece of the

fall 3D vol Une P8DSBiEMIdstadaiPmadipibf Ak’ ol ARORH oxteal ur e that
has been tentatively identified, the imge nust be interrupted, a new

| ocati on dmsamomdlumaiwoﬁsameuneesmdfdr@nlemte@pmp@m sgesdsmieanplimdt a new 10

imag Is dr ont the differ pi ece, The | terrutlo in the
i spPayed T HUEI TR REaighr Pt ey el BRECHA R BpgePRCTPE Sy

conti nui t y319obMme 'Elatﬁ B@t 15 MQrc@k-ﬁ‘é‘cﬁ&n ik 3DNRuntetata s%ﬂniboi ;Blﬂiﬁht?fof%@b-s mc data
t hat have been inma his inpedes the user's ability toO interpret and

i dentify tdimensianal w')ﬁleataw@gsoﬂsh@esa’i‘bimngmfémﬁhvnlwmdatamtﬁsm vol ume of
sei sm c dat Addi ti ona ven Qu h a pi of th ull 3D vol une
of sei s couetippSR Bl ap SHER of gt AR B b e SRt talie o o

i nterpretag ga{éraaédqgrsﬁmﬁngt%w@u@s npcsreé‘rasa%k ROfrédiSanfl Weh ceiBbosRédi® of seismic
data to draw the inmage, thereby slow ng the dlspl ay of the inmage to the

userl0 Convaeomipittednage Ehsiuserisees ithet igape lesting hudhlaper by layesashenpinpesitehe

bility t d jdenti |
el ot | on &P YAt B oo ef Nt el dhe P nu Bib otiBedar o« e ough
the full - 3R ¥@hpiiRe Magé gﬂﬁ@ the BadiflorfaPslice it d:Jﬂiaoh&eted}ﬂiqﬂéﬁst&ﬂééﬂyS atisfy the

voxel selection algorit his is tinme consum ng even on hi gh speed

gr aphi cs sﬂlﬁpﬁrp@l@lnﬁ@lﬂwhenﬂ@d ﬂargqﬁithlb}me dataroole meﬂo@nause@,m@bm@nﬁhc the

I nt erpret Qv dethe N irectly delete
fromthe csﬁﬁc? é"Eii P?g%s?t c\}%ﬁsl U g%?y(%b oW %’ f{g‘ﬁ’i "Rt e” points
fromst he qﬁfolnﬁﬁldn,oahdqﬁteﬁér@mﬁl eSS ablﬂ&tyrlﬁ adGurd6ly VR RAlzO iRl inkpreei sm ¢
interpretation prograns is to rﬁgeatedl y adjust the selection criteria for

t he voxel f@@u@@mh@mntam@eal)tvnhmw falsett he points to be elimnated fall
out si de of sel ecti.on Gcri a for. the jts. that satisfy
the voxel sel e?t OBH L] 5%" e‘t:"ﬁsrﬁ %g(glﬁpﬂsggcﬁﬁqug?éﬁ%agqggﬁ SEP%S 421%a S
adj ust ed, deRgol MBOR aldBds iRfRisicy)t Bainpis @ suchtofivehti®aPdédnyRter programs
include VoxelGeo, available from Paradigm Geophysical, Houston, TX, SeisWorks and
20 EarthCube, available from Landmark Graphics Corporation, and IESX, available from

GeoQuest. Such conventional computer programs have numerous deficiencies that

preclude auser from quickly and accurately visualizing and interpreting features inherent
in a 3D seismic data set. Conventional computer programs for visualizing and
interpreting 3D seismic data operate on the full 3D volume of seismic data.
25 Consequently, every time a change is made, such as a change to the transparency or
opacity settings, the full 3D volume of seismic data must be processed, and the image
re-drawn. Even when such programs are run on highly efficient graphics
supercomputers, the delay or lag in re-drawing the image is perceptible to the user. For
a 3D volume containing 500 megabytes of seismic data, it can take on the order of 30-45
30 seconds for conventional programs to re-draw the conplete image (frame rate of 0.03 to

0.02 frames per second, respectively). During the 30-45 second delay time, the mind of

-




process is time consumng, and interferes with the vi sifal A 2083 process of
the user. 30 Thus, there is a need in the art for a system and nethod for
i magi ng 3D volune data sets that overcones the deficiencies detailed

above. Raycbpmed arly, there is a need for -3 25 April p2PB&eaes3y St €m and
met hod that re-draws images of |arge 3D volune data sets in response to

user input at a rate sufficiently fast that the_ user perceives an

i nst ant ane S5 rloseg Fpeng ppghe Teate 9€ interestne: ﬁéhf%ﬁhﬂf F%ng'é“:{% i bl e del ay

or lag. Th | - O ystem and nethod that allows a user to
B haRy B i

I nteractiv ayed imge in a continuous nmanner, W thout
i Nt errupti on orSopercoswntidrab3lsdismic mtergretgtionPougranss ysyddecthe @psbilitptchod  woul d

allow a user to r.e qui ckl d urately interpret and .dentify features
i nher ent Wﬁu‘%ﬁ’ %%!”Efﬁg%%?ﬁéé’gﬂ@ﬁ% Wéﬁew dlaﬁvﬁﬂ*?smd%ﬁﬂ%odi ment of
the py esen{he'c{ﬂ‘&ﬂ&tb@&” th@se‘i’écfeﬁ?ﬁe@gvita‘a é}%ﬂﬁﬁ%ﬁﬁﬁcﬁn&n RieB @itk Qklect@nal yzi ng and

I mgi ng 3D volune data sets using a sanpl i ng probe and ot her
i nt er act i vpieteois|dsawil. nTmeeleatpoidce odn thiwe bé miaed, iibdgsired, abthabldcdion. | nagi ng a

th - di i | | ta.set i.Si | | i | wh
cach voxel Heushite lasEat s et ieran g oML tuf oisieead sRb B G s
provi ded. ﬂﬁ@wdéirg@dd?é:re i€ fhaturk SR TSEBEAL keMBtRly RlendiMSiteamaphanoMRNa, €.g., an

anpl i tude signal ated to a particular position within a geobody. The
met hod conimtarmpied,cr st locagjombr doprdates fier thédifferenti pieen ¢4 anteadd, slgoiewng  pr obe,

wherein the three-di nensi,onal . | in obe is.the,sanme size or a subset
of tHe t NS OB OB P NGRS s Dhe Ipranion LS APREHGBAR sanpl i ng
probe has @Rk aherscliRfR iR %o ViSualzddng REntlR e bevaAh ARG pilteTRRS Ng probe
face in an opposi ng probe face plane. Qher” steps 1 nclude producing a

plurality &l 3@ ovwiumd ofseismicsiatarihat havepeabimaget €rhigipedes theaiserks labidityt he
plurality of contro]..poi.nts define one_or npre |lines h rope face

pl ane, andtoﬁﬁﬁa%d%uﬁ%gw?%%g? Swwphgeﬁ%@@fﬁg%iv‘g\ﬂgﬁ toward the
opposi NG  REARCadACRdHiGHARY, ofth (RARE oﬂ% alpiiRe bf B0 AN ALCARSof Bishty Med by the

one or nore lines. Another step of the nmethod i1 ncludes selectively inmaging
dat aMor ds - datqis ey wisibly displayfed, cotventpinglSDealsmisimeroreatian prograins eostideenensi onal

| ocations which ipter t the ribbon, section and the {hree:-diensional
sarpl | ng. photseetus e yob i ahtsimar daid ok e Thhe. FwhREPSHE Fhor e | <
provi ded adifHlBAFB image to the user.

| Conventional 3D seismic interpretation programs provide the capability to "auto

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 direcily delete from the collection of picked
voxels. The only way to "eliminate" points from the collection of picked voxels using
25 conventional 3D seismic interpretation programs is to repeatedly adjust the selection
criteria for the voxel selection algorithm until the pointé to be eliminated fall outside of
the selection criteria for the displayed points that satisfy the voxel selection algorithm,
Each time the selection criteria is adjusted, the image must be interrupted. This iterative
process is time consuming, and interferes with the visualization process of the user.
30 ' Thus, there is a need in the art for a system and method for imaging 3D volume

data sets that overcomes the deficiencies detailed above, Particularly, there is a need for
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storage device readabl e by a machine, enbodying a progr@®tl 2085t ructi ons
executable by machine to perform nmethod steps for inmaging a

t hr ee- di nensi onal data volunme, said three-dinensional data vol une
conprising-a plurality of voxels, each voxel conprising a

t hr ee-di nensi onal | ocation and a dataword, said dataword being
representative of a -4 25 April 2005 physical phenonena, said nethod

conpri si ng? Syespindypethpdtha rerdrawgjpagesofdaiee 3 I‘{P]g‘éle dgtarelp 81 183pansedat a vol une;
producing Pl b kote QO kRl mAGhdVsS: foReR th LRG0 R thar b al 1 L. Of
control pornts defining one or nore lines on said plane; extending a ribbon
section fr cmngaindheiimapes withoe pederibkidelgiotllagi THegis 8 aeddifora dystem@nd or med by
sai d one or ngre | ines; and_ selectively inaging said datawgrds

r epr esent atieiad gt dlowg aprsgrde dngractively Shng the Misplappdimage HennBMNS | ocat i ons
whi ch intepseet @l i .00 ' t -0l i dat a

~vol une. Accordfﬁgﬂth%ﬁ%@ﬂgpﬁgg%%%ﬁﬂ%?ﬂ%ﬁghﬁﬁ%gﬁﬁ?gﬁgkgﬁg§£9@@£%rovided a
met hod f or wouldalipwguser b miceequidikiyend hanatelydatprey adduidentifySedtdest ihliegert di mensi onal
data volunme __conprising a plurality of voxels, each voxel conprising a
three-dineWﬁqm#ﬁﬁﬁ Son and a dataword, said nethod conpri sing:
positioning a face of a probe at a first position wthin said

t hree-di nensi onal data volune; formng a first set of control points on
said faceSUMMARY fi DBE INGENTIGXKI ng a physi cal phenonena descri bed by

said three-‘din$QS|gn I dakggvolune, said(@:rs set of control points
defining a firstSPPPHRCRQF the PresqpbiAVAyion L repter i asysteam anfl PBFtgMEt o a second
posi tion WdRipieSak Gmb DAINBRS! ' 0 set of
control points gn sai f%ged%f sa%%p%%%ge ggﬁ%ggg%?%gﬂﬁggﬁgggﬁgsica

phenonena, ingmictivesteglond set of control points defining a second spline

curve; and interpolatin etween said first_spline curve and . sajd second
spline curve toﬁlemﬁ?ﬁggg ﬁ%?Eg@ﬁpﬂeﬁgﬁﬂwaﬁbgﬂFﬂ%ﬁ%aF%B?@§Eﬂ¥%?|ve of said

physi cal phanadEARset &gﬁﬂ{sﬂ{gryépl&ﬂi@%@b&@rs VWRRESED Hxel &ﬁnﬁ;&g@é’%e@ﬂ there is

provided a program storage device readable by a nachi enbodyi ng a
pr ogr am of dimesdionatlocasion andk e datedniiés proyiderh @he datawerd perchesamatiet fibd st eps f or

i magi three- di i onal _dat lune, .sajd three-di i.onal dat
Vol une conbiPFEALRGET T - o PR SEL e AL PTG 2 2
three- di MepsbARATHE AR ddObnIRestorAha WP st SR ArdEdihticnA " RdpRANI:

positioning a "plane at a plurality of plane positions within said
t hr ee- di neprebowhtreidahethreodummasiond eanpling prabsistheshme st 016l subsst oftthe at each of

said plur at!h}ete)c/lm?gnm&k Vel g%l'at%'sc?t. estﬁr%tc]—dlwe?lgior?a ga@npling 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 probe.

According to another aspect of the invention, there is provided a program
storage device readable by a machine, embodying a program of instructions executable
by machine to perform method steps for imaging a three-dimensional data volume, said
three-dimensional data volume comprising a plurality of voxels, each voxel comprising

a three-dimensional location and a dataword, said dataword being representative of a
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of said set of control points defines a related spline28ukrré;208Hd

I nterpol ating between each of said spline curves to forma surface
representative of a physical phenonena described by said three-di nensional
data volume. The nethod may further conprise steps of editing the plurality
of control points on the probe face plane to thereby redefine the one or
nore |ines, and extending correspondi ngly redefined ribbon section from

[ .a . 11 :
the one or Psical phepgracngnsaidmethpd sempring; displayias e plaie dVithiesash Bt ng pr obe

face pl aneginfiGord 8ita YbrGR! hlof@idEY plubiity "6 corRToitin” &l Fane Bkill! 2005 WO
02/ 37422 PCT/ US%D/ 29835 fu’ni(':’:t I oNns sﬂch 1%2 doé)l e{ﬁimr?g sg}rrlleslé&ci)irl%rrofelof t he

plurality plraipmicentradpeints definingangionmore liney omsaidplarsf extendingra ikbpe of t he
plurality : . -pol nt [ one.. or, nore cant r ol oints to the
Bl ural ity SeudtRbndiaRBhl e R Bl RS R G ™R PBbon sect i on

i s per pendimowd Bmesi andt felectivebb ndgagesaid>dpdvestds spebsdnkpgive iobbgit pheddal on may
extend fromthe prohe face plane t.o the opposing probe face pl.ane. The one
or nore |i RAQOR tﬂ’éeef‘ﬁ@m@g)ﬁaqﬁcfau?q‘?éﬂp'hdggﬁe‘gégg' W“ﬂ'ﬁ?‘oﬁé‘n%g‘ll‘?ed t hr ough
t he pl ural Hree-dhesnblidata vBRIMEL S t 0 construct a plurality of open straight
lines or a closed |line gegnetrical figure, if desired The ribbon section

i's preferably cofprdiaety Bptheraspec phfteriyveptions tharreis provided eimmnd Bection may
or Ty 1Ol infigidddh keBlirkidpdl CHRL oy, SARN thrdifbnstonll W LT s1 de

faces of the probe. In another enbodi nment of the present Tnvention related
t o tracki nepreprismgtal whlity of ponelsi eazh vphed comprising = thode-disermioggddbatocal f aul t

t he nmet hod ' st eps. of .positioni t he probe face plane at a
first posi ?‘@dav%n%{;;ﬁdl” %ﬁfﬁéﬁg (?Oéné)-% g %@ﬁgﬁ?}ﬁ%ﬁaéfﬁ cﬁ%@robag{)aaﬁ)rgt&om Y forni ng a
first set wofthinesid ﬂmée-cﬁmmf)mglmgtat\bﬁumr ﬁiﬁﬁh infggtiﬁst l@étameoril‘h@r p(fhﬁtﬁﬁlkisjdikg a 15

physi cal phenonena descr.i be t t hy ee-di nensi onal, vol une data set.

Anot her stgﬁe OE:;??‘%i Pfeg"ué‘?i frackioB o PRYSIS3L PBEOHISEH dpserbed Py sadethrest cont r ol

points to gafhdiehaPddth (@hms RblMRst sEUINBnrdPpbRls RERRS 2 TRY shife! kg, Novi ng the
probe to a second position within the three- dinensional volune data set,

form ng a Bevsndaddeceoit seidrphst toppaspad pesitianewiginsaid tlyeedimsngenal f or
I A
step may i sal plysicali phtwmpoh, sstidregecnd tshir efecodirolgitodeiningur Scaorel dptihaveen t he
first spli Qu?ve(;: aid” i%tel%rc])gltﬁtlgh gems!eee%%QQ first spline curve and said second spline curve to
define a three-dimensional surface representative of said physical phenomena.
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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spline curve which is representative of the physical pREFSHHRA95 The net hod
further rag) di splaying the interpol ated surface wher ce
intersec‘??o'??ﬁzé%i rst set of control points and the secongcg@ﬁoﬁ#giﬁntrol
points. It is an 25 advantage of the present invention that the first
spline cur vémetierowgh opideleting ang er menge of thsspuialitn okesnineb peinfsy ekanging a
curvilinear ddi tional ste k.nclude t.he.reiterative proce f , movi ng
Che pr obe. t <2861 ghioRq Opmers o ghe Telirer B Pinks ARl e B fouiol =
set, form ”goﬁiﬁb&}ihiﬂﬁfa}iﬂfo%ﬂirﬁpboinﬁ()i nts on the probe face plane for
tracking the physicdl phénonena, ‘interpolating 30 between the third set of
control points tin spfefaedentbodingent,sh risbanseotign ia perpemdiewlpuiiodld prgbe fces

ril 2005 02/ 37422 PCT/ US00/ 29835, bet ween .t first line.curv t he
égconé spl i Rlane £ HLNCFHPILRAY FRlend irera edﬁml?%%‘f%?mtﬂg}eﬁoﬁpﬁsdn%?fgﬁ? hr ee

di mensi onal e ik sbnidd B HHARREARRAGaY He BSA I ed,
t he nmet hod ﬁ%"gﬂa&%t %?Bé%énlgﬁ%)%éin\éggps sg[}?:iﬁ as ggﬂﬂrilng t he reasylpreesentive
control poi @rsuginthé pRrglitp becdrmot ppintrte canstmetspelataliyeofupsh straight lofes bhe
probe. 5 Mrreover, the nmethod nay i.nclude displayin rvilinear

- connection logedline, gepmetreal figuss, ir%‘?z?}'@ét Thﬁeri%ﬁtsﬁ‘iﬂoné%ﬁ’r%fega ¥ cqpptisedof v e
. iti f 1he. . A h ' ' ' j
Purves. and. ¢RuHgirgGER e TR fBbortieBhod iy oLiey Mt SehpReri o By e

curvey and bhgphrfdity ¥ESiad fictd 6f thbpwedi mensional grid also representative
of the physical phenonena. The grid includes aplurality of intersections

bet ween the spl i hearthaer embedinzand of the preseni inwentionnelated o acking 2 pastichlsr
conprise editing,the current, set of. .c rol, points .on the brobe. fac
pl ane, ther@ “f%égﬂegﬁm‘?ﬁaftsﬂ‘éh Sl g%fg%gl%aﬂgﬁ‘blﬁi ‘5‘8@\?@8}?‘3’ cpﬁlémgﬁﬁpesm)sg line
curve and t Beqiidi Rl the RirbiRer 1&§eh%t%rflﬁ~§ o?fﬁ'oﬂ withtn (WB el aihs SIS JlitRé Ude

steps such as selectting one o plurality of i1ntersections to thereby
reposi ti on thie sgtranti dofnaing afirsirset oHcquirebpdihis@nghe probe Selegdaredor tacking a

i ntersection, The nmethod al sq, c rises selectin ne of the sets of

cont A8l poi Hkﬁlqagpl%%méﬁ?g?s&%@o‘{’?@ﬁ@ﬁ% %5@@13/@@%? %ﬁ%sqto%aé@r #89 ough
the selecte : ' . . | t of
"t he met hod gngg?%%&n%r@%gﬁ Jsl@é’&?% slha%: tgg ﬁ}%ggﬁfﬁgﬁtﬁ}gﬁ% ﬁe p%eﬁgﬁgfg%ggpp é;ne at
a pluralityc@we.pOtiet stoprsmay inbiude bltwindgthe probk eensdcombhositical witlin dad treget
formng a set of control points at each of the plurality of probe face 20
pl ane posi t fispesiopevolyae dataest, Sening a seaend et of spairel nestts petheproky faced
spline curv

Sl’ane for tracking the physical phenomena and inferpolating there between such that the
20 second set of control points define a second spline curve. Another step may include
interpolating a three dimensional surface between the first spline curve and the second |
spline curve which is representative of the physical phenomena.
. The method further permits displaying the interpolated surface where the surface
intersects the first set of control points and the second set of control points. It is an
25 advantage of the present invention that the first spline curve, second spline curve and
| subsequent spline curves are curvilinear.

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

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



repositioning the probe face plane and interpol ating beviei 202 plurality

of spli ¥ps to forma three dinensional surface re ive of the
physi calnﬁgﬁigrnonena. FEATURES AND ADVANTAGES 25 It is a fgg?@?g&]o ét he

present invention that a ribbon section through a 3D sanpling probe can be
creat ed, redetwaen thelfitse dplirenmirve edequridciplive, and tlwothird ispEmt dwrvdfordmeladri ng

aplurality of .Ijne hat ,.are .t hen projected through {he 3D sanpling probe.
The 'lines ﬁn’(‘i‘gﬂg‘f dimensigh §“‘§‘?°F§@%reﬁle%1@ﬁf’? ﬂ&ﬁ&fﬂ%ﬁi&?@ f-em such
as an x, y, z or ' [ ensth t 3 ! ppabe. 30
It is another fegﬁegﬁgi’aﬁgeﬁ%?{ggeﬁ?&i nve%% ?gir?p?%eat ?rgt?lgﬁﬁég;seai;a%gaﬁi D data

vol ume set respussbntisge dontrol pudfita on thegreobeofgteplhnesdt Faspeative positdens dfehaprobk| y
nmapped_by sel ecting points -6 25 April 2005 WO 02/37422 PCT/ Ug00/ 29835 of
i nterest  at Mougpyarathetpetbed prayaHinelyde displaying apuyting erangetiona"'v WHIVEA Dpoi nt s

may then be., _[nterpol r ' . SUl, relat

T L en e bR CABLA Lok B RGP 1 e B0 IRSFSE L Lo,
various poi fhguddibplgyifig HeapBnd¥urssd £1dithd-clifveélon tHaliBles Afhémidaal furfate.i s yet
another feature of the present invention that, as a user interactively
noves a 3D Bwnplinawyryssebd thawv-ouyes o bilwet dimensianal gréd alse tepresenigiivead t he
surfaces of the 3D, sanpling.probe.is.re-drawn "on the fly" so fhat, the
doer per ce VRSPREA RN TG PRT dr A Al e B s DR he gt 3
sanmpl jghg pr h AT i S [ 3%1&5' : l4eNQ
probewtthougtra\ﬁ/gS %%Hﬁ%ﬁéwggtgﬁesg%ﬁ{oﬁ% 3D sgﬁéﬁﬁ#éeg?l@gtuﬁ% 1&30 t?lfrre
rendered w tchntvd ppinigon dgreelse fate plane)shaelyneyhabing thé eurficg and gritl hatweehe user

perceives the image changing in real-time with novenent of the 3D sanpling
probe. It % ety cHs@apd dnegirior gRING QEERt i nvention that a user can

i nteractively ch ' SURLS t he

I mage on the Sur?g%g?@ﬁ:{ﬁgﬂ%%@%ﬁ%ge%@gg 'S %fg%%d\}\l%%ftgﬁﬂw%@ﬁ#l y" so
that the usefimesatbuet thbeby paoeitioh drgirobe fa0e plhhe (Epdss gt Relebted change
in shape or size of the 3D sanpling probe. Simlarly, a user can

i nt erl@ct i velyeserdinge Thganefhedhalse pompiises gelectingDne Hiphe sets ol eoptrokpointide t he

Yon the 1y e epdsfiqilat Huk HERlEF e S R R Son oL 8RR e
with the change Bu&h@Rehepfvay] ZemBidihbe o3 hSRBMbE RthyRIlMise steps such as
positioning the probe face plane at a plurality of positions within the three-dimensional
volume data set, forming a set of control points at each of the plurality of probe face
20 plane positions such that each set of conirol points defines a refated spline curve,
- repositioning the probe face plane and interpolating between the plurality of spline curves

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

FEATURES AND ADVANTAGES

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

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

set, such as for instance geological structures, can be quickly mapped by selecting points
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20 It is yet a further feature of the present i nvent i oSt 280%ser can

I nt eract otate a 3D sanpling probe so that the i surfaces
of the 3%62)2%17) 2|5ng probe is re-drawn "on the fly" so tgg??[tuﬁb;w%ggsr

perceives the image changing in real-time with the rotation of the 3D

sanpl i ng pr Q}?ﬁ;[t%r%t%égfu}éqty QleéaQirogQﬁﬂhém tigRble, Wl BBy 1RATR! | NY

probe so that e 3D sanpling probe is volu rendered wth varyi ng degrees
25 of transaiemotayed iompréduee & byd orsarfadeatlatet éo the etruqienec Ehe/grsd mhpbe qugdy

changing in real-tjne wth the rotation of the 3D sanpling prohe. It is
yet a furth&Atechaidihe spbamay B BXWAT tq YAFIONE Peiits ofsthe 5 w&yeﬁelegwgsﬁﬁ i ng

probe can Qﬁe]%é%%tngd and mani pul ated by the user to directly delete from
an i mage selecte points that fall within a certain dataval ue range. -7 25

April 2005 WO 02{id¥ézofReTchBRAf ARG chtlinctianlat ueaisagimtepictively nares ent
invention that a user can manigul ate a 3D sanpling probe to interactively

traverse a 33Dsamplingdacke thewngh 8 3Bowlumadaiese), theinagg on e surkerseotshe Hat ur e.

it or act | vePuPB N BT S B T N B R BT s  noun

i nterrupti OReQRinROHAR MdvRhRnt &%@m%&:ﬂ:&% *xUBE.S SBhALANE afla USPintbRcHRL
qui ckly and accurately interpret and identify features inherent in 3D

vol une dat anseesa 30 sansplipgtprabe thravighm 3 velntegiataodet,tthe 3Prsaswplitg prokensi on
that the 3D sanpling prohgs can pe interactively, re-shaped the userto
mat cil® he sH8 eolrenéééﬂa’gﬁbvar@@s gees PhBARTPTengY) "o 4 ﬁﬁgsq ﬂét thEepset
better visuall : | : . : | t : 14|
urther  adveRCeye o et SRokiR i felime iRl of 2 08 Spiile Bt
visualize and i iienfireier fangeofht preeast Divedidist@atsiviser @atisteradivelpclengat
I nvention can be used to guicklﬁ and accurately identify drilling sites.
<

The present Hashant pofize aha al\amptise stedeyo thas thesiepeenstie spifsees efithes 13D
and o1 boat ot ke i Sadt b R RR b Tl Haplbe 1
presemt i nveskigdk with 6RShah@ed shideorsBEOF BRCID banplh R SIHMIH G BYedW NQS.
In the drawi ngs, |ike reference nunbers indicate identical or functionally
simlar 20ca enemctivelngbiangedhalshape arhidzd of a-bsampling pxoby softhat thefHP ence
number i de ntsrjlr}clli)l%isg Igrgge is volume rendered with varying degrees of transparency "on the fly" so
that the user perceives the image changi;lg 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 inieractively
rotate a 3D sampling probe so that the image on the surfaces of the 3D sampling probe
is re-drawn "on the fly" so that the user perceives the image changing in real-time with
the rotation of the 3D sampling probe. Similarly, a user can interactively rotate a 3D
sampling probe so that the 3D sampling probe is volume rendered with varying degrees
25 of transparency "on the fly" so that the user perceives the image changing in real-time
with the rotation of the 3D sampling probe.
1t is yet a further feature of the present invention that an eraser 3D sampling probe
can be created and manipulated by the user to directly delete from an image selected

points that fall within a certain datavalue range.




25 30 drawing in which the reference nunber first appe@®ApHi2805i shows one
- enbodi software or program structure for inple ' e present
oo PERsphE

i nventi on; 2 shows a bl ock di agram of one enbodi nen

sanpling probe programof the present invention; FIG 3 shows a curve
Il lustrating opagjt AHACh ﬁitaﬁ: 3 f
diagramil | ust ra'?:[ E\%ajg%g@agffr%défn@%p%sgr ?@oéen%lﬁttifhéért%gslggﬁg@%e A 3B

invention; FhGplibg slobwe iafekaetively agrase 3D oslane dbrdéits BéntindbudHh el ada
default praqbe; -8 25 April 2005 WD 02/ 37422 PCT/ US00/ 29835 FIG 6 shows a

f1 ow di agr aritgge dFatWebHodi nent for creating additional probes; FIG 7
shows a flow di a e | pent for,movi robe; FIG hows a
f1ow di agram of g{ngsr%ﬁ%f)hg?ﬁ%%ﬂgg%gro%‘?%ﬁﬁeﬁit Ha'eggg%%?aﬂ]é?f P Entegpcly a
flow & agr anheigeanedieplapst iRge if Héontiabétsi nihndr, RiRBE: inieﬂu%%?n?&%ﬁegﬁ?l@ 50_
e | I xed in

shows a flow diagram of one enbodi nent for rotating a pr
space; 10 Fldglay b1 laghohkis allowe a/usirdg meore ghickiyendrbodatebnintdrmet amt ideitify out

auto picking.,or seed selgection; G , 12 shows one enbodi ment of a conputer
system suit 3 T'ge?ﬁ’?le{@imﬁf’ﬂouméﬁ $¥ent invention; FIG 13 shows an

al ternate enbodi ngR quﬁh&cﬂg%ﬂt Dﬁﬁ%t ' - he
present invention; E?G 14 s ows%eurt ﬁgggﬁ%ﬁmgﬁ%%%ei%ﬁﬁyg\é@%%éter
syst em sui t b be infepactivsly revshdped byethp nses enhatichtheshdpepf geologic features, thereby

10 enabling the user to better visualize and define the extent of geologic features.

A still further advantage of the present invention is that it can be used to visualize
and interpret large volumes of 3D seismic data. The present invention can be used to
quickly and accurately identify drilling sites. The present invention can advantageously
be used to sharply reduce 3D seismic project cycle times, to boost production from

15 existing wells, and fo 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 softwate or program structure for
implementing the present invention;
FIG.2 shows ablock diagram of one embodiment of the 3D sampling
25 probe program of the present invention; -
FIG.3 shows a curve illustrating opacity as a function of datavalue;
FIG.4 shows a flow diagram illustrating one embodiment for
implementing the present invention;
FIG.5 showsaflowdiagram of one embodiment for changing a defanlt
30 _ probe; :




FIG 15 illustrates three opaque probes of the present 22MEHEZBA, 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

vol une-weypeefses probe; FIG 17 illustrates a ribbon f@ff{]ﬂl@@ﬁ%cor ding to
the present invention in the shape of a star; FIG 18 shows a bl ock

di agram of a system for producing the ribbon 25 section of FIG 17; FIG
19 illustrates BIGHE eﬁlodﬂsﬂﬁrﬁdvﬁﬂﬁagrgﬁlﬁf anél dntoindit fRRekGRAl surface
representative of a p@q\é{Sl cal phenorrena described by a 3-D volune data set
~according to the pres PEWET:0on; and FIG 20 shows a bl ock di agram of a

system f or o] Al 25 April 2005
WO 02/ 37422 PC'I'?B%B%/ %ﬁghhﬁ%‘“ Eﬁ%@%@@ﬁ% %%@IEQEE’ERRED

EMBODI MENTS ~ OvEIig:vehibtve apli@s diigrannuodd @hbodindit FGbSkhpigg 22 Syst em and
met hod for analyzing and imaging three-dinmensional ("3D) voI ume data sets
usi ng’>a 3D sanpling pP¥e. 3D 5 vol une data sets conprise "voxels" or

vol ume el enent sp har¥ hi oI urre. Each
voxel can be exprgge gpﬂwﬁ*grm éxhgel%()d%%g or\%u afu &ﬁﬁ%re "X, z"
identifies the 3D IocmBDcnpa@f the point within the voI ume, and "dat avaI ue"
is the value of so neas red or calculated attribute or physical
paraneter at t hEl&d8cibpyey °Y56‘faﬁ’éamd\‘;? fropp pmbqeimend fos getatingyprebeanpl e, a 3D
vol une data set suitaly; FS nps?% weM th the 10 present invention is 3D
seism c data. Each voxel 1n a Sei sm c data can be expressed as (x, Y,
z, abplitude), RG.N1aips i flicediagunesmergdibodiniest foh@rgipbutautde of refl ected
sound waves at the specified (x, y, z) location. Any form of information
that can be expressed'¥ & Hdeadslestionor m (x, y, z, datavalue) is suitable
for use with therussgbls bEbiafn dfh Sifhbk QlehGuRfent fedat a, 15
exanples fromthe oil and gas i1 ndustry iIn I nformation from cl osely
spaced wel |l | ogs, gr awiiltthe prskntiagentivn;,c fi el ds, renote sensing data, and

si descan sonar at a.
17‘1[8;jl qg sgows 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 FIG.19.




Ot her geol ogi ¢ or physical information could al so incl 48eABARE} at ure,
pressure, saturation, reflectivity, acoustical inpedance, and velocity.
Anot her application for the present invention is for mning. For exanple,

the 20wB%s i nvention can be used to visualize aﬂ?r et geol ogic
and g_eophys?lga data to locate mning sites, to |loca éﬁgg%‘kﬁ ack deposits

to be mned, or to locate and track geologic features such as faults that

woul d af f eGhendinbTEseRRTIVN n PRRARLS ESBbpnidi€Nt | on al so has appli cation
for clean up of toxic, hazardous, or other types of waste. For exanple,

t he presentOverriemti on can be used to visualize and interpret data 25
representing th eogr aphi c, extent and distribytign of the waste at a
particul ar siteﬁ%?f@%“?&vﬁ]ﬁfiligﬁc_ 13 A FTFIHP P it pyZag et f or
prioritizi 'ﬂﬁa%%geﬁfhelﬂﬁn&kioﬁar{"ﬁ'? vlufn® St 3R ubiBE 2 3%35&5@@ fided ghean-up plan

for a particular site. The present invention can al so ed wth
i nf orirat i ovolyme dite setofompeisedivbxels! dr whene elentbutst Each voxel isexangit erpoidhe pr esent

i nvention capn. be used far anal yzi ng and. i ing in 30 the medjcal field,
where the E@?ﬁ‘\i‘é’i"ﬁ’éﬂeel]aé%b aﬁﬁwnggwt@%% aVrfeRARER Bheent. - 10 25
Apri | 20053\ i@24iBdid 3DGHHRO ROBAR WiRATN B Tietha@iklanje@fOgs aPhy)
scanner or a nmagnetic resonance inmaging (MRI) procedure. By way of

expl anat i onalamel ssrmmsasyred drecajsplated atiributey emnphiysical \patameeeatdbs gretified i n - det ai |
bel ow usi ng .3 ei smc,data as the 3D vol une data L1t is to be

under st oodFo™ w%é\;evloiu-lqehgpr THREPST & ﬁ’?f“fnﬁ\ﬂétﬁts?téﬁi?‘?%iefﬁb’t‘se!wlmtﬁ%d_ in any
way 100 t heprsssit Rbendion SSTSshic dhl TachNdRelf £38 Wisrhid UAR iR ekrefigd ticul arly
useful as a visualization tool for interpreting 3D seismc data. As used
herei n, t hasE&eah mamplitde) withanplittdecefespending t¢ the arpplitsdaaicilcded soimd

t hr ee- di nensj on e in.the.user's mnd of physical or geol ogic
features o?’vgﬁ%)?&lhg%ef’#%ég‘ay %Lt hat are inherently present in 3D vol une
data sets. SuchaBRhRginCeH infoftfdieh Wat Qan B IRFEREL ISR VoxdWBIE B, Iy Znot appar ent
from conventional mnmeans of processing 3D data sets, such as “scanning a

series of datwghekisscnitablesfonpsewith BOpweeint inventinna Is edditidnco acismicabtat he  nent al
bt cfur e PR B B8 S nd e R EunP i nesBhaT e oy el
- reconst r uclogQRravity ahdmalirlefid S14d, rhDtelend e AR it s AN Do Bh&e RN Users the
sane 3D i mage. For exanple, the sane 3D
Other geologic or physical information could also include temperature, pressure,
saturation, reflectivity, acoustical impedance, and velocity.
Another application for the present invention is for mining. For example, the
20 present invention can be used to visualize and interpret geologic and geophysical data to
locate mining sites, to locate and track deposits to be mined, or to locate and track
geologic features such as faults that would affect mining operations. The present
invention also has application for clean up of toxic, hazardous, or other types of waste.
For example, the present invention can be used to visualize and interpret data
25 representing the geographic extent and distribution of the waste at a particular site. Such
visualization and interpretation is useful for prioritizing clean up at various sites, and for
developing 2 clean-up plan for a particular site.
The present invention can also be used with information outside of the oil and gas

industry. For example, the present invention can be used for analyzing and imaging in
30 the medical field, where the datavalue element of the voxel is obtained from a CAT
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mental inmage of the terrain will not necessarily be pr@8eduili20% he nind of
every person that reads or analyzes a two-dinensional ("2D') contour nap
of that terrain. Through the wuse of 3D computer graphics, users can

vi sual i @@.02803¢h communi cate and share, the same 3D ilg@lggsoglg%gp vol une data
sets. By visualizing 3D seismc data, a team of geol ogists, 20

geophysi ci sts, and engineers can interpret the visualized data to nmake

expl oratiomc@ipqterﬁé@%ﬂttbﬁagﬁiﬁﬁ $eaBAR or U BorREc Msbiahbd Bnd %mg s and well
pat hs. To acconplish the visua ?zatior?rfung%nléo%, StILAg pr egg%t I nventi on uses
t he conput grocedpraiphi cs techni ques of texture mapping and vol ume renderi ng.
By "texture mapy,_ IS ant wrappi n r .mappi ng a 2D pj.ctyre. or, . inmge onto a
2D or a 3D obj e§¥.‘”ﬂif8fgxp a‘@i‘éﬁgF’@?@%’Bﬁ&%’@‘f@Hﬁm&P h%%a%‘sﬁlﬁbe@éﬂ be texture
mapped ont gegil ;gaf)&%ing 9D-seitfR deflal'iheVD WlBiné ERFGET RSs 0Bk unJQhbEE | MBgi Ng”
refers to drawing a three- dinensional object in a manner that conveys to a
vi ewe? t hehowevss-tbht therpgdsem dnventiniis rotdiinited freanybyaydo theeweol I hsirpkic t he vi ewer
may be Ioo%i ng at a two-dinmensional display or screen. Conputer graphics

t echnol ogy #8kes use of col ori ng, lighting, and shading 30 techniques to

convey to the nTRGr@EntiientingyyRFtic &uﬂeﬁﬂﬁﬁa@&uﬂﬁzaﬁ%ool%'ﬁt&gre%gi n front,

l'ight or .dark, etc. The perspective or viewoint can be changed so that the
vi ewer can 3Bgeismicdatzs Aapied herpinpibe (aan (vis@iizen refrsistbecessagionlofasi des of

t he 3D obj gct . ..V rrendertng typi call,y Jincludes.s t ype of

“transpar en@%%%ﬁ%##@rﬁ%](%%% 1t egsfgy‘ﬁ?@tﬂtﬁ%ﬂ8§/§e°§°§mf$%f%ess%pg¥%‘ial certain
part g of t Baradblers@l &6 nhereRlyTRdsEnt i INGHHEBdta schsh SLAPhyRdal RMRG opt Vi EVEr T O
"see through” outer surfaces of an object and view |%’s i nt er nal

st r uct ur esparsmaters apyEpieally nohappaehtdiome eeayerdionsl assans/ofqueressingt 3bdetand anal ysi s
of very lar vol ume data.sets through e,use, of "sanpljng probe.",
al so refer F‘g% S‘f&g aﬁ%cg%qnhg 2580 cf?rgﬁsgﬁcgmn%&%e&fﬂgwém&ebqa%ﬁfb@%e bt ai ned

i nnor e det giehtaletAructiBiethaasadk iolskePlaobRerdef fohSusetb ARaAlly ipitveetthen have
numerous attributes, one of which is that they are typically created as a

3D sub- vol thigs-dmensignal\featurs. 3Becante ofethig anental gecongrugidony jitsia aliffizwlt tand

| d. 10 | b b ted,, sh i zed, d
ool Cr e b6l Bl AROR DR R RS ee P SRR ERRD, S e
i nter sect i aRn@af intaB€of theudthin WAl REREesHkily bet G MIOILS m3hd MRbsBedad @ set is

texture mapped onto the surfaces of the sanpling probe, or volune rendered
with varyi Bygtrgedypeanslyes atwadigsasionab{2IN) edwitoyr 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 onio a 2D or a 3D object. For

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

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

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

light or dark, etc. The perspective or viewpoiut can be changed so that the viewer can see
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the sanpling probe. As used herein, the term "interact i22eApE2005
"interactively" refers to 15 changing or re-drawing an inmge in response to
user input at a rate sufficiently fast that the user perceives an

I nst ant r real-time change in the inage, w't tible delay
or Iag.ﬁpﬁﬂfgﬁgtice, a frame rate of at |east about %@%ﬁfi@ ranes per
second is sufficient to achieve interactive inmagi ng as described herein.
For exanpl el didestdfethasi) objebty eVolud@ Geaddtng NGpiddlb rcludeC bord ty¥ ofc! i cki ng
and dragging” with a "nouse", the user 20 perceives the texture on the

surfaces oftf3piparcagRirsii(opacEns cHargrisocy) pontobssl that pertain nerts i thedDement  of

t he sanpli ng; ' r ) e. Size | ocati on,
there is noQ)‘g ﬁi#%%rﬁéés@%g?%’ﬂa@%gﬁ% W|('%xtr.l1t%i %ggﬁnﬁ%ﬁlf%%erf ‘é‘i"’c"ﬁ%@f or, with
varyi ng degneBbisct and viewas spahaRayctury®| unme-rendered attributes. In this

manner, the user_can interactively _ nove_ the sanpling probes through the
whol € 3D vol une Mepigseabingeniig praples it wsyaligation and amalysisiof yeryilaree 3Rd i nt er pr et

the featurggpAR itﬁ%%hqg &, & at " S Lthin t

geogr aphi c spacgiaraz%t?esen e égf/ge(%fﬂare‘ hol & @%%Vo%lﬁ)n@%%{gﬂao Eéé . %%STEM
DESCRWI'T ON "filbe"or Ysehriobjectl.edn dxplainadin nivge detgil belmwinthe shnyisingprobaofithar e,

software or a 30 conpination thereof, and may be_ inplenented in a conputer

system or @feﬁ‘“éﬁtmﬁ?ﬁﬁ’@% %‘ﬁeﬁbm‘?rgwt‘é‘jﬁ‘ltewUéwlé‘ﬁléﬂ_sﬂﬁﬁ{leﬁlfetﬁpi%@tcw&feé or program
structur e 108shQtb-dlBheBiRne Widle SHSomuke déil SRS hd vigRfizhd it Rglyild 22

PCT/ USQCQ 29835 present 1 nvention i's shown In ase of program
strug@ure 100 iA mmbeppérsanplig sybésecanlB? creMed, tshiped, sipal abd ngowwyst ens 102
_include, for _exanple, the UNLX(r) perati ng system ,or Wndows NT(r) from
M crosoft EBFRBI% Yibg ibe ‘HPrW%%&GB‘beﬁéﬁ S9pit ShsThgdnigisestign pethappar ent to
one of ski kimdighibe With BAkHolAT I\}éolénmzé’s@ﬂq%#ﬂrgﬂﬁgﬂeﬂgnﬁﬁet 5104
overl ays operating system 102. nu and wW ndow ng software is used to
provi de vapf the sampding probeydr velndewsddral widcvaryitgdegrees ofttangpatenonwithihh t he user,
and to obtgin user ial%lUtéS%n i nstructiops. apnd wi ndow n software 104

i I\/En ng b "
can i ncl ud&he spgpii ettty fige WHBWXGHRI \WPisERGHY oLy JefErsito

(registere ; I 5\@&@ A : and
MOTI ilzfl'M 10%@%@??@?&3’@% % a engf%q%?%%édn&%%é%faeﬁ g@ﬁg | ofr%‘&?@%. ). As
woul d be r émaidryperagipaaenistantteons e ral-tisk changd in delwageclvighoatperaptible ot her nenu

and wi ndow sof tware coul d. al so be used., A basjc graphics |ibrary 106
over | ays m@% ar?ﬂag-mfnr%&hﬂw 108 atrkoapt alpgui ¢ to 15 frames per second is

sufiicient to achieve interactive imaging as described herein. For example, as the user

moves the sampling probe, such 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 physical parameters that are present within the
geographic space represented by the whole 3D volume data set.

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

system. One embodiment of a software or program structure 100 for implementing the
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- graphics library 106 is an application programmi ng int @5fAm8208P1) for 3D
conputer graphics. The functions perfornmed by basic graphics library 106
i nclude, for exanple, 15 geonetric and raster primtives, RGBA or color

i ndex npeensdbsplay list or imrediate node, view ng | ng
transforrrat?%%g, | i ghting and shadi ng, hidden surface rermva#, al pha

bl endi ng (translucency), anti-aliasing, texture mapping, atnospheric
effects (f eseﬁrm{f@momszﬁﬂ)wnflﬁmapk %% 5:5¢ 6 bt RRE LoPisames. and
accunul atiﬁ buffer. 20 A parti cul ar y pr e‘% er?ogﬁglagt%c grgphlsg% library
106 i s QperoBexatidg systorail DA Huitalile operatiSg byisteos 1@ inghideg for extample, e BEIX®, Mount ai n

View, Californja. The a Itlplatformlndustry st andard
that is haro(?ﬁf&{uég VF%%/&P“%?&’ %&Pﬁnﬁﬂl é%l E&ﬁ@@ﬁﬂmﬂ%n&(r) is
desi gned t qyligmEalvl & dhpatiit O&Jﬁsk]f afidg, and Java progranm ng
| anguages. enCG.(r) perforns each of the nctions |isted above for 25

basi c3graphi cs Manuan@wmﬂ@mgoqmmmmgaysmpaawm 19padeduyargeonet ri ¢
objects to _.be dra ang. at her,s cont how t he o ts are handled. All
el ements of " % fb4l§ﬂ"3ﬁdé @sm%mdg&f@ﬁo%@fmﬂt@ %re menory
and t he frqﬂferaai&lfvﬁththeqﬁ& Qﬁt&&ﬁ%&ﬂ%ﬂnﬁﬁmd@nﬁu&ﬁdﬁ% MIBRY a8 FirdORingS| NY

QpenG.(r) . en and the client application may operate on the sane or
di fferent rse ﬂné 49&’&@3@%@1@1@@&)%@8@%@@@ ah SpadornByste@I¥nGL 30 s

0 501 aso7 upereaBluas B} \GRERRR bt25F TEhdlods) Fuf ORI, e
Qpen@(r) Eﬁ@ﬁfc&ﬁ%ddﬁ?dﬂk‘@ﬂoﬂeh SetvarOF i dated 2cd; A);woﬁlti%eﬁaaﬂyra%&eﬁf both of

which are incorporated herein by reference. Visual simulation graphics
| i brary 1080 eneef skallin therslevangarh ptherseniiaiy} wingoviigssoftviassatld alse barsed.i on

graphics |ibrary.108 reatin rocessed 3D
5 visual sinula |b3ﬂcga§fﬁ??q@§m%b%oov gﬁ F‘&F@lﬁ%@%@]&%swﬁwﬁ% Béflﬁphl cs
library 10&:phRylises 10616 ki efpSicithatorddwithiBg MAGRH eAPY TR nfutdr ary state
cont rol funct i ons_such as lighting materrals, texture, and transparency.
These f uncitaphiss.t Figdincsioeg ne n@dtbﬁé)a%mamhl@dlbwy I%méh@yfwﬁmlq,hat can be

deged | hics lib
08 181 R St il R B ol e, bl B R ButeBS oy o
| RI'S Perf onibae, HepRE ahé niodeling Restktdibng i@RoCand! dhldind, hidhes GERed above.

IRIS Perforner inclUdes two main |ibraries,
removal, alpha blending (translucency), anti- ahasmg, 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 OpenGL®'API isa
multiplatform industry standard that is hardware, window, and operating system
independent. OpenGL® is designed to be callable from C, C++, FORTRAN, Ada and
Java programming languages. OpenGL® performs each of the functions listed above for

25 basic graphics library 106. Some commands in OpenGL® specify geometric objects to

- be drawn, and others control how the objects are handled. All elements of the OpenGL®
state, even the contents of the texture memory and the frame buffer, can be obtained by
a client application using OpenGL®. OpenGL® and the client application may operate
on the same or different machines becﬁuse OpenGL® is network transparent. OpenGL®

30 is described inmore detail in the OpenGL® Programming Guide (ISBN: 0-201-63274-8)
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li bpf and libpr, and four associated libraries, |ibpfdd3Agigf8d, |ibpfui,
and libpfutil. The basis of MS Perforner is the performance rendering
library libpr, a low level library providing high speed rendering
functiogg hanesd on GeoSets and graphics 15 state copbpRlpMssbd!d CeoSt ates.
GeoSets are collections of drawabl e geonetry that group sane-type graphics
primtives (e.g., triangles or quads) into one data object. The GeoSet

cont ai ns_ NG BRIO}chHL b Rerénee Ribhitl PRBRE O-501 BoAUR RTAYS ARyl fdox arrays.
Because all the ‘primtives in a GeoSet are of thé same type and have the
same attri whichsre ineorgenated bereif: by meferenedat abases is performed at maxi num

har dwar e speed. . (e0St at.es prov. raphi c 20 state definitions (e.qg.,
texture or prrat _ey?%%”’f%@%@@g@fgﬁ’r&@%ﬁfaﬁmgqal?lﬂﬁrhgﬁy lloﬁb}ﬁs?ala( r egl -tine
visual si mylaliRn @4phics HBRRNT080% AU AT B créhti gﬂéfal.ﬁﬁé,flﬂm@f&sssg@gﬁl - process

dat abase rendering systemthat optim zes use o mul t1 processi ng hardware.
The dat abagisuelsinnlatipnigiaphias applidatitnef Wisyal pinoxdtide graphicadibraanH8fposvidedef i ni ng

bot h tar i tiri t f 3D | ects, h t at d 25
ot or Lot ot RPHEEARG oBiohiot Bt Sefs comp TR S B nal 1 ot
The dat abas@iterlalsbteituye, |ah@&51|§§?arbl§:?$ Thee ﬁ]n%cﬁbﬁé %&cﬁ%ta%f arld RPEEM; nldgbpf , and

libpr to inport database files inh a nunmber of industry standard database
formats. TH&Dlay bipk thiat ¢an barendesed latet.er f ace |ibrary that provi des buil ding

bl ocks f i t i, ng_.mani pul at i ts for. i C and C
ot ammi ng 1 ardANyRORY e R SRR prahiet ST Lok S PR 6r ary t hat
provigles 3@vdilabltifRe SO ini MBbRIR VibN0CABSKS, SUal Pe%o%éréég%&ﬂiﬁé Option

|

support and graphical user interface (GJ) tools. -14 r 2005 WO
02/ 37422 POPE grplggdibary discussedabonp pRISEativmrer pcludesawe mbialibases | Rl S

or epar i ng TBst epREPET oyt B i PR et ek, pil BB S PEr o rer
2. Specify nunbee Isbfsis%fﬁﬂﬂiféﬁoﬁepﬁ|ﬂldl§b§forﬁih99§eﬁdérﬂg libf fpe PBRSST NY

configuration, and specify hardware node as neede
: level library providing high speed rendering functions based on GeoSets and graphics

15 state confrol using GeoStates. GeoSets are collections of drawable geometry that group
‘same-type graphics primitives (e.g., triangles or quads) into one data object. The GeoSet
contains no geometry itself, only pointers to data arrays and index arrays, Because all the
primitives in a GeoSet are of the same type and have the same atiributes, rendering of
most databases is performed at maximum hardware speed. GeoStates provide graphics
20 state definitions (e.g., texture or material) for GeoSets.
Layered above libpr is [ibpf, a real-time visual simulation epvironment providing
a high-performance multi-process database rendering system that optimizes use of
multiprocessing hardware. The database utility library, libpfdu, provides functions for
defining both geometric and appeatance attributes of 3D objects, shares state and
25 materials, and generates triangle strips from independent polygonal input. The database
Iibrary libpfdb uses the facilities of libpfdu, libpf, and libpr to import database files in
a number of industry standard database formats. The libpfui is a user interface library
that provides building blocks for writing manipulation components for user interfaces (C
and C++ programming languages). Finally, the libpfutil is the utility library that provides
30 routines for implementing tasks such as MultiChannel Option support and graphical user
interface (GUI) tools.
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3. Initialize chosen multiprocessing node; 4. InitializéAmdA80%ate and set
frame-extend policy; 5. Create, configure, and open w ndows as required;
and 6. Create and configure display channels as required. Once the

appl i cafiyQRsRePIram has created a graphical renderi NG hhgRENt by
carrying out steps 1 through 6 above, then the applicatron program

typically iterates through a main sinmulation | oop once per frane. 7.
- Conpute dynani con JgRkakic FHdSh H¥Rhdel BES Pefbifier and® likyiyhe next
frame tinme; 9. Per P@rm | at ehcy cr‘lt'ltﬂlé ca? Sll?ew&r)?nnt pﬁ%&@&ﬁ%ﬁ%@u aw a
frame. A 3Daxnoylthefglipriopsepsiopreparing 16 redl-tide Dovimaksimulatioeent i ons over | ays
visual 20 sinulati on{n%}ragge% %%Pbrary 108. Program 110 interacts with, and
p

uses the functions ca MEach of visual sinulation and graphics

library 108, bagic granbires plinbdrarf ics TBIRbHL | iihg software 104,
and oger ating system%gﬁlgn a manner %%@!\Aﬁ tlohgéhbge]I g?‘%gfﬁﬂfé in the rel evant
art. 3D sanpling probeuiipwgssing cadiguhtion endspesifriiardwarembdoas i s preferably
written in 25 an object oriented programm ng | anguage to allow the
creation and use of o s and object functionality. A particularly

preferred objecs ori emiRbzdthedh afiphteisaaghage is C++. In carrying out the
present invention, program 110 creates one or nore probe "objects". As

not ed above, th& probaishiedtams rete and sstiffameiexieddolisy; pr ogr am 110 are al so

referred to hergin as.sanpli ropes or .probes. .Program 110 mani pul at es
the probe 30 object sCIS%e’tcﬁ%t?g%fﬁ %ﬁ%g’lﬁdﬁ‘gs?s&ww’r@dattri butes. -15 25
Apri 1p 2005 WO 0g/ 374%&@5&&%@@&%&amm%a§gqﬁ§ﬂ)onds to a sub-vol une
ofa larger 3D volune. Particularly, a probe defines a sub-set that is |ess

t hant he conpl et @negdheapylcation pogramdias aeatesl amaphishlremdetng exvizement By pr obe coul d
be configured tg be e | to.or extensive, Wt he conplete data set of
voxels for a 3 r?gry %gfsalog"&u,gﬁgﬁmﬁgwflgwcﬁp ?@P?W’g%‘ {yﬁécaﬂy esent
invention is beigdratés Rt £a@ YimiMHeR 1doh Snd¥ RPRak@! r esponds to a sub-vol une
and defines a sub-set that is less than the conplete data set ofvoxels for

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

30 objects so that they have the following attributes.
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data set of seismic data can contain from about 500 MB2§rawdB0f®s) to about
10 GB (gigabytes) or nore of data. A 2,500 square kil oneter geographic
space of typical 3D seisnmc data contains about 8 GB of data. A probe of

t he pr %QEEI,s%ﬁvention for a 500 MB 10 seismc data ;@I{%S\ﬁ@%lg%o_pr eferably

contain out "0-20 MB of data. By using probes that vol une of
the larger 3D volune, the quantity of data that nmust be processed and

re-drawn for eagh, a0k ']E’Qa_ﬁﬁ ' @gg@ ' r d. thereby
increasing the s éeg W tsﬁgnd |gh t emilu?r%tgﬁe a%bgg%é'-fﬁg#%ﬁg’bevol ume of a
t hr ee- di medsiines abubesebibatiistess frap thecoapiete ditwsdt bokdls fofla POVEImedats &ybe” of the
15 di nensions of t t hr ee- di nensi gnal cube.  Li kew se, the quantity of data
in a 3D voluEfebe Cﬂﬁﬂg’%%‘iiiegfﬂéegﬁ?n’?ﬁﬁmli%%ﬂoe’ﬁt@ls{vﬁ@ﬂtbmwmﬁbmﬁfa@ﬁt ofcube" of
its size. {heiehPLen o Aol ¥ - o | ar ger, 3D
volunme w || be proport P%ﬁeg# to’?’ﬁ%m&)gﬁgg&dﬁ?%&fﬁﬁ%%se%%‘%gﬁ?%% 1)gﬁant ity of
dat a $ n t hearied g¢wh&Dhe plobexerressendaic b subtvoduntiend Géfings ofubdatithatisless probe of
t he presen ia]\éentio e pr?portional to the "cubed root" (V) ofthe

il
quantity 2 33@315:{2:#‘4“1‘@%05@;;916 % A8l gelus datpset.s For sxample, g3l splume. By only
having to REQSADE sdiftfic AR card Entad ﬂ&ﬁtaaodtgaé Nfﬂegxr?]etg?%égs ol dbGutSGH Ol ume of

the probe, the present invention can re-draw in response to user
i nput - at a(gigabgteghok friod efiviatay Af 3800 syhrare kildrecterpeogrgdiccpiaoead tyical 3IDSt ant aneous

or real-tine ch e in the i .+ W thout perceptible delay or lag. The
probes of F%M?%%Wﬁsﬁg@ﬁ% @(ﬁéétﬁ ‘%@roi%ﬁ? SHRIEFHATPonRFPOMB shape

and/ gy 25sc§§rﬁi8dat§t9édvdoﬁfdgy&éi&hmy%ﬂfaiﬂy%%?wﬂzd il | arger 3D vol ume. The
outside geonetry or surfaces of a probe can be interactively drawn opaque

or texture mappéyusiig prebes tat pe olseb-volembef thglacdesd3 )y ecluing, thdquaetitgnd/ or si ze or
whil e the prohe is heing noyed, The obe, can e drawn or vol unme rendered
with varyi ﬁ?%@b%&?m&%ﬁ%ﬁ%ﬁfmw@% OE%B@W t#gll¥hanged in
shape and/ RiusiZ@eRby MRMBgng HRAHERYWHEWE ﬁwjﬁg ' [ Liyetures or
*30 featur esuml‘d’ tﬁe %r obe.mg- 16%35 Apri‘i&ﬁ%%gS %%B%ﬁ%gﬁ%@/ @80/29835 The
3D sanpl i nyolpmebbsthesk-dithensional sl is propertivied o thethiddpoeenory cletpthe i ncl udi ng
rect gngul ar,, shapes_.hayi ng..one. or re.right angles d.non-rectangul ar
_shapgg; hav RSt oﬁﬁﬁﬁ]fee" prisional gy 'g’é(e f t?%gﬂfﬁm%g@%mwémm esent

i nvention gaNsed RMBoREIIANGE BRNLIRT povREbPIME GHtdlizePa reaﬁae%garﬁépcysu”aces
(e.g., squares and rectangles), parallel planes as outer surfaces (e.g.,
par al | el ogefdats)in agub-velumeof latger 313 wslime edll $eproporticphieies'culedabs” or

V) of the quantity of data in the larger 3D volume. As such, the quantity of data in a

probe of the present invention will be proportional to the "cubed root” () of the quantity
20 of data in the 3D volume of which it is a sub-volume. By only having to process the sub-
set of data that relates to the sub-volume of the probe, the present invention can re-draw
an image in response to user input at a rate sufficiently fast that the user perceives an
instantaneous or real-time change in the image, vﬁthout perceptible delay or lag.
The probes of the present invention can be interactively changed in shape and/or
25 size, and interactively moved within the larger 3D volume, The outside geometry or
surfaces of a probe can be interactively drawn opaque or texture mapped while the probe
is being changed in shape and/or size or while the probe is being moved. The probe can
be drawn or volume rendered with varying degrees of transparency while the probe is
being changed in shape and/or size or moved, thereby revealing the internal structures or
30 features of the probe.
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cylinders). The present invention is not limted to 3D28apili2A85 pr obes of
any particular shape. The 3D sanpling probes of the present invention can
have-arbitrary shapes, such as the shape of a geologic feature identified

by a “s‘??fﬂg@éz exanpl e, as a user noves the 3D sarrp{,{:l,lpgﬁ@lr”%pse t hrough a 3D

vol une M c data, a geologic feature may be 10 I'Zed and
identified by the user. The 3D sanpling probe can be interactively re-

shaped by 18 35 SimyiRgTOES dihRe BRARE kntdiccloRloting ! HcRaipkhor eby

enabl i ng the user better visualize and define the extent of "that
geol ogi ¢ f gentangslar shapasbbeing ame ds cropsrght englesund hort-ectangyid siapgry lobimg and t he

inte ti { ' d. A b dt
i anl ot daeEni g JHF 1R B g oL Bere e e oy R FRgR A BORREIR A pr obe
can al so bgetpssficiif p'le@ésa@ﬁfhte%urﬁ@és%g, Shabs é:{&lr@&ﬁ%léé?@&ﬁﬂél‘ﬂaﬂeﬁsseecj

de-sel ection algorithm These attributes will be explained in nore detail.
bel ows  FI @uizr siitaes (8-5b Pargitcleltam®)aom cotved aetertfacts et sphér8Hosaapiri ng pr obe

110 110. i ncl ud f Mbdul e (UM 210,
G o cs pramdel? SR R et Banetih b B G R R e AT A o ( v
230. A 3D \sRdpdMEhetED mmn%ﬁbbés%ﬂhbwgéﬁm@ﬂo@&nw@erbiﬁw IRipesdSchal so

‘referred to herein as a 3D volune. UM 210 and GPM 220 communi cate via a

bi - di r ect i @hthe sheae plgeapolpgip featyrpidaidiod byvnaser. i Fos exampls, evmuserrovesigest s f or
data to VS i 2 | M 210. sen i nstructions and requests
Lo Ve 230 7 gt oBRl B 535 il G e, OREE TG R 20t br ough
pat huay 21&isuded/extidetlidicd by GRkdatTae 3D|sbéglﬁin%‘iﬁoﬁe?caﬁ beiniRtiv&@frd 0 VSM 230
via data pat hwa 234. VSM 230 transfers datato GPM 220 vi adat apat hway 232.

Dat a vol umshapadbyihe pees to mateh theshape ofitee sealogic Sesture, thesehirerabling thebserknown t o
he format for data vol une

foski ]y g Ghe '
240 can: cofbffr tnRfSng e Albqed Sua BN Buulg L0051 he body of data

240 can cons a vo

that is as | ongAgsolielan bt a@dad tiien6 aticthes Pfobe, BAE thedhidfBctiigadte twd typical |y
contains information, in a prescribed sequence, such as the file path

(1 ocat i on) Prabes ¢anbe geagsd. & probe pancbe ugedte highlighd ditn inageorgancy witlyp sped

diregtions nnot.ati.ons.for the,x nd -17 i.l 2005 W0.,.Dp2/ 37422
per U0/ >33 EBREOABR A DRl bt prdbed B pied i linacigne R oy o1
data is a Riseedrids-seiection ARerithin. ieRttributey Vel Ok egnﬁﬁedqﬁhﬁﬁe il Wpka val ue,
that can be ordered in the follow ng manner. The first byte is the

dat aval ue at voFl#B shaywabloskdiegramgfong pmbalimerd pf3Drigmplisg okt pisgrasn | s t he

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 sef 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 %, y, and
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dat aval ue at volume location (1,0,0), the third byte i 25tAmil@d@baval ue at

vol unme location 5 (2,0,0), etc. Wien the x dinension is exhausted, then the
y dinension is increnented, and finally the z dinmension is increnented.
The pr jpvention is not limted in any way to a particular data

f or mat e@%%’ﬁ’éﬁza vol ume 240. User Interface Mdule Zl%fz'ﬁ%ﬂpéés't‘he user
Interface to receive commands, instructions, and input data fromthe user.

UM210 in faces, W t h ser thrqugh.a..10.variety of s t hrough
ahich the s ants el alRte, 46T B ot el e B e ough
keyboard seheeim@Bbaes fehiQiteiueOMa caf bddrided ia e TR Atnaines Theku: devi ces,
such as a_"mouse", or_a 3D pointing device. U M 210 receives user input as

the user PHEiiptheadatayaiop et volpue lereionc &, Yo ZTEUR0)- siThasecendabige issthe. a 3D

sanpling pr T, i.rary f [ . L UMZ210 will now be
descri bed. d%%ﬁ‘%l%QOI%G?%Sﬁ ns({f’p ?lﬁim F’P%Ié&u 8%8%3?1@&%%@%?% ‘foi{lg%tet]jf’%aﬁogf one or
nore 3D vol(uog), dr! avisatie  diepistaanteaustddythaetha y\d@hens®n 2ildretentetse f or

i magi ng and apal ysis. Wien a plurality of data volunes are used, the

dat aval ue Rt firally phegr disupusion)igingremenieds f The preseny G1vemos iy nop mifechingny, di f f er ent
physi cal pWag’iHaéﬁa{nié?ﬂarﬁ%thdﬂ%tti@r4a9arvohﬁ?ef4§.”e. geogr aphi ¢ space. By way of
exanple, a ['urality o ata volunes could include a geol ogy vol une, a

t enper at ur e vol Use, InierfabeaMadhle2itcliangdlad theaiseroinicxfadeuoaeceivb eomanaldss in the

geol ogy vol une can be, expressed. inthe form (x , .Z,. seismc anplitude).
The voxel s“isﬁu‘lt#ﬁ‘ﬁs’@%i’&@}‘té{a@rf@%?ﬁﬁ% Wzﬂb‘ﬂgifﬁ?eé%@dhq%ermg}f drm (X, v,
z, C The;ﬁg@f}g | ' din the
formi %x, y,V Z, JJ%%@a?gﬁgon& : hq%g&%i{lﬁ%égéa}fv%{r&g%b%?gﬁ%%ﬁé ég?@i%gefi ned by
the voxel sthroughieyboaid stlbeve or tRloughaint tlsort 8sek-hanipaard inpondevieds, sutlor any
specific spatial |ocatign (xo, yo,, z0 t he seismc anplitude would be
cont ai ned Ph?t H’@“ij’eo?roﬁﬁDvRﬂnﬂWﬁ,deYlﬁ% HeeRiees juert ipgnt (a8 AR VSEE ur e

vol une, ang..t. k.~ ' i e [ vol une. U M 210

I nput s fro%a?lﬁgla%ggglr% Hllp%?%##gﬁ %ﬁvef %Z%Qgg%{cb%%ﬁ%%%é)%ﬁ sanpling probes.
Such i nf or mat i ofhe pricdandidsctivhy @rried baidsy, UIMZA 0iwill nowbe Hacited oUIM218 he probe.
Such_ 30 inforr}q%tion can also.inclyde imaging attributes such as col or,

|i ghtd ng, SWHETRE thepser the el oner 1ase AP volnme gata set5 Gessayedpacity as a
function o I E@gr'l

PCT/ US00/ Zéﬁgﬁéwﬁijy%ﬁ) ;ch%s%gdro agtﬁ %ga %a Si&'bﬂﬁg}gﬁg@%@%r@lﬁgﬁ%r ent,

t her eby al hewsaiytlhe dataeaieds fot eack @fthe plurality of data volumes represents a different

physical parameter or attribute for the same geographic space. By way of example, a
plurality of data volumes could include a geology volume, a temperature volume, and a
20 water-saturation volume. The voxels in the geology volume can be expressed in the form
(x, ¥, z, seismic amplifude). The voxels in the temperature volume can be expressed in
the form (x, y, z, °C).

The voxels in the water-saturation volume can be expressed in the form (3{, Y, Z,
Yesaturation). The physical or geographic space defined by the voxels in each of these
25 volumes is the same. However, for any specific spatial location (x; o, 2,), the seismic
amplitude would be contained in the geology volume, the temperature in the temperature

volume, and the water~saturation in the water-saturation volume,
UIM 210 inputs from the user information to create one or more 3D sampling
probes. Such information includes size, shape, and initial location of the probe. Such
30 information can also include imaging attributes such as color, lighting, shading, and
| fransparency (or opacily). By adjusting opacity as a function of datavalue, certain
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t hrough surfaces. An exenplary opacity curve 300 is sh@ddarid 205 3.
Qpacity curve 300 illustrates opacity (1l-transparency) as a function of
dat aval ue. As would be readily apparent to one skilled in the art,

dat aval | greater opacity (less transparency) 45 k the inmaging
or disp g’?/)ﬁéuf&{d]at aval ues with | ower opacity (nore trlﬁff{lL %}?%%25;)7“”
Conversely, datavalues will less opacity and greater transparency wl|

permt the_j | r..di € ' gﬁ_@ate city and | ower
transpar engﬁk/%% %ﬁ%ﬁtﬁg}é’gﬁ%\ﬁ%@ %ﬁ%?@%ﬁf’ttﬁg\%&@ 8 E{e‘z"’.%ﬁ% Hhd shapi ng

‘the 3D saniirbud sufficell eAn exdmpliesoabibechria BO0DY shod ielFIG. Bebpavityiciirva pr ef erred
enbodi nent _of the present 10 invention, the user changes the shape and/ or

si ze of apPebitlysiratssiopacity Gl -Bansparensy)as g dunctienor datavalere Asvemid begerdiliaki ng

B
changes in ' A ook . ' Laps. U M 210
Cocerves | Ao o ORE RRaT AL o Wiahli R el el B Apenlief BER S Vit
sanpl 3 ng phmbiethsiifaging bhdisplag af dadvahes with lewgrophtyr(adrenaspiremy)., a user
mani pul ates. a nouse to "cljick"” onto a surface of the probe to be noved, and
t hen moves Conversly. darralvey will lastpasifyang sgier tepsnateariovill Perrdl thpimgeiaghi ¢ space
defined b . ' ' romthe user to carr
out "aut oyg%%%I%ﬁsﬁaﬁ%%%@.ﬂa%gﬁfglt%%b%iaﬁ#%g%%cess, data points Y
(voxel s) are seUBdRe0 rdoaisadnpp domaths edeefitr isiaing aad gaping ki 30 sadplipg ef er r ed

enbodi ment, the selection algqrithmis, based upon a, seed point 20 within
the 3D dat BOP} dielescrifed anqse ?taig%lwgdmatmﬁr hodinaat of APESESi nts t hat ;
(i) 4@patis , ' ter.l : [ ) gdat aval ue
A T S A M L
connect ed b thehgrobs edd poking .chafgeoimthe dithdAsidh® of theeprolseit ong gprmaspt ed to
identify a ,seed pQipt.wthin the 3D yolune, and to _jdentify a filter range
of dat aval G&ectiguse /I 210 eceries wpvtifiam tie g famenethe positioper logaion@f gcted 25
poi nts. Pregke . (o) ' i tqhi f . i ng probes.
UumMm 210 al gfg %@kﬁﬁdﬁg%ﬁgﬁg&oﬁ ﬁglﬁﬁl\s@erﬂrgaargleggex%tﬁgmic%(g)&ﬁ?agn kof t he

di spl ayed maniagiates Fmbusexajitléd onfohautise of heprope 1o be mabédy aglahahovele cont ent
of the displayed i mage. . The content of the displayed_inage, could include
onl y1% he 3%@%%9 it GIONE Hisedrohe @?quglil% the; grpgrprtic sRagH Sqﬁn@% by the 42 v ol une.

Addi tional Ly, -the 3D sanpling probe could be 30 displayed either with or

wi t hout a boundi ng box that defines the outer geometry of the probe.

Al ternatively, UM 2 spdivee @ghut fimn dhemsetlial canyanttheiotpivkiDpraassds. Ty pr obe, as

wel |l -19 25 ril, 2005
an ':.\Eto pick%ng 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 sced point. Through
UTM 210, the user is prompted to identify a seed point within the 3D volume, and to
identify a filter range of datavalues used by the selection algorithm to "pick” the selected

25 points. Preferably, the seed point is within one of the 3D sampling probes.
UM 210 also receives input from the user regarding the content of the displayed
image. For example, the user can preferably select the content of the displayed image.
The content of the displayed image could include only the 3D sampling probe, i.e., its
infersection with the 3D volume. Additionally, the 3D sampling probe could be
30 displayed either with or without 2 bounding box that defines the outer geometry of the
probe. Alternatively, the displayed image could include the 3D sampling probe, as well
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WD 02/ 37422 PCT/ US00/ 29835 as the data that occupies tRé AmdREPduUNd xz, yz,
and ‘xy planes, and/or the data that occupies the 3D vol une outside of the
3D sanpli ng probe(s) being displayed. To carry out the foregoing functions,
U M 210 request to Volume Sanpling Mdul e or attach
t hose 3 /?fng data sets identified by the user. zg(tojl‘[kﬁ%@%gomm cates
vi a pat hvvay 212 with G aphics Processi ng Mdul e 220 that <carries out the

di splay an r'gggx ) will now
be descri bgdm%hn%%&g%’r%c%ssesgggwggg anﬁ Eppghggysanp'\ﬂa%% pr obes
with the I|ogchipiemgzeBQWMmt@umdercﬁﬁieWQﬁ@Mngpmbb(s)ﬂahﬁgdﬁplhyeldbut es sel ected by
the user. To do_so, GPM 220 uses the 10 functions_ avail abl e through basi c

graphi cs | i brar J° £8%67 S¥dhe iferegnings fusetionsi BRM gAA srnds renmest ior Yoluws descri bed
b Th
O D e S Blng 0 13800 10hd aBHBIAL I Sdihhe bt &tﬁ@én%ﬁ?h\;ye Jafheone or

nore 3D sanp es t ave been crea Al't'erna user can
selecs to dﬂwpzmomnmnmatmm@amﬁaﬁatmbvitln@r@hmbempesemg\lmdulmmtm 3D data
vol une out si de of the prfﬂj?es . voxels within the 3D volune that do not
i ntersect A&mieHTutthedisplay 1ng probes that are being displ ayed 3D

saml i ng. pr obesr roaf’mn&%hﬂcgnge BHAA1 A ULSL B IS, Bpgioyp 2o "active

probes GPM 22 cesses t nove requests
recei ved byprdckdts Mofnwnmmeamplﬁl}ﬁ%s dithwe fHleg, lighishaspadindD sanpl i ng

e il B SR B o«
3D | t
Sggp! | n?m@?gfsg?v%%a‘?% é&% | V?Ffipﬁfséh 08lahd 'vQHJJ %ﬁmllz?honrg‘?a

suff|C|ent -tine by the user. mIarIy, GPM
220 draws hbltaez m&dsﬁnbédalbquor'rhbeser cuntsbl&ctl(ﬂﬁhﬂugﬂt)@ll\t[ 280) t@dtsplagocaity the in
accordance with the user-. sel d att | but es Ior hti ng, shadi ng,
transparen&”&e °re‘P€w) REplipg P E qeﬂéreatg@) ﬁ‘ﬂi’tf"ﬁ g]red‘ﬁ“é' %Br ough t he

3D vol une, ttributes
is re-dr avvn su fﬂ?giz % rtn?gst t%& lgBerg?:sg%Sv aﬁ@%?]@éﬁ@?@h@%gﬁ@&d e user.

GPM 220 pr oﬁﬁtsspetsbleﬂ ,dlat eomlsatmttng‘theriﬁlmdsﬂas thah do natrmtemctemyerﬂttteyﬂwl M 210. GPM
220 I ma se I nts thijn the 3D v e wth the
sel e |on £ Pt Fﬁtﬁﬁlafegte’r?gtdw ‘iﬁi r} é@ qu%g%mgcgg}@@ ed points
within the,3 f‘&éd&ﬂ‘ﬁereiurés%ﬁ% RGEe W t h t he sel ection algorithm 30 To

carry out the foregoing functi n ‘GPM 220 conmuni cates via pathway 212
with UM 210 soGPMzﬂt&Opi‘meessesfthrrmhapmg ané questegutsio yhat dve raesieed bysUIMaged or

(dis pI i ed % @om the user. GPM 220 draws the re-shaped 3D sampling probe in accordance with
the user-selected attributes (color, lighting, shading, transparency, etc.). As the user

3._

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

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

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

30 To carry out the foregoing functions, GPM 220 communicates via pathway 212
with UIM 210 so that the information requested by the user is imaged or displayed with
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-20 25 April 2005 WD 02/ 37422 PCT/ USOQ 29835 t he sel ectZedimil2f0but es. GPM
220 obtains the needed data fromdata vol une 240 by sending a data request
via pathway 222 to Vol une Sanpling Mdule (VSM 230. The primary function

of VSM Is.10 extract the appropriate data fromd vol ume 240 at the
request%g’?ma%ﬁ 220. VSM 230 receives requests for da?éj%ﬁﬂgl?ﬁS&M 5 220 via
pat hway 222. VSM 230 extracts the required data fromdata vol unme 240 and

transfers theedaed Qo BN 296 Buigal theRRLR m%ﬁﬁﬁgﬁ’%‘%%ﬁi"gg and
romU M 210 via p

di splay. VSM 230 al so receives instructions t hway 214
to | oad or satdimpahiatareqd viaimtlavay 322 wved e umling Modylet(M8MN220.. Tur ni ng now

to FIG 4, a flqow diagram 400 | ating one enbodjment for . 10

inpl ementing t h@ﬁ%&ﬁ%@ﬁ%‘?ﬁ‘}%%@%ﬂ@gﬁ“ egﬂ%i?ﬂmffﬁ{]a’t‘?ré‘?%ﬂ?t?al i zati on

process is ' 99N . T ‘the one or
voliHe'2H0 at@heaf)e@karafém 22h! ﬁ%oﬁ%@ﬁ%ﬁ R aaphibh'd

nore data vol unmes (240 to be used. D vo ata sets are
| oadedl fr od2@iislpaihmay 2224 VBMI2Mbexgract§ thedemired gata Grom alftahvahawad4 aadi t abl e f or

N t th ' t] i || d i.bed jp tail
ol ovy | a° Hepdit R SRR b E i By AR fob o Sihing el ¥ e et aul
3D sanpl i Ng3@aePRcdifes Instion PR AR 21006 28R RieH 134 M;&MK%:SZ)D of

arbitrary size and shape. The present invention is not limted to any
parti cul ar detk ¥elupes idetidisd by the usdie def aul t 3D sanpling probe. By way of

le of th t | t the defaul.t 3D. | i ng .prop b
sauare (havi ng THTEE AP L0che fov fgnR 4 iyt T OBIEYr To dr aw ¢ he
squai® 20;ARkatih %Bﬁ@d‘éﬁdih{?@lﬁ%%%owﬁ.hﬂJ@ﬁ#igﬂbﬁﬁi’cﬁﬁ%ﬁ&)}‘ochﬁiﬁ'rSt drawn

wi th one edge of the boundi ngageometry located on the z axis. Data is then
extract ed shoyminasisp 462 dnstep4l?, thh ysevgiocifistihe onedy anra daga vohmugps (210) t he

i nt ti f fault, 3D | ith the 3D vol

(et o vol ufitoediiet Theaetief e ihe ta e S¥nipeRlio ARR Ry b i onds. ot he
i ntersecti pnagbrifiRe SR urd alidbletfos Bir8AEPbitNEe Pr-ad® iNekibd B 8D 25 vol une
in the xz, yz, andMI anes. This data is then sent by VSM 230 to GPM 220

so that i tescabedie alpilebelopp dddefnit 3D samphngprobe isforaated, daddratinng box to
| ' t he,. .default 3D | i b I
rbol ment 1 ot APceBRiRk HOR s £ voitief B RRe il Pwefh 8 backgr ound
Xz, Yz, angrbidarPia@d shaRMI8E pRSont AFeriiBh is 8l Bahp piriallarQee ePi €s the 3D
shape for the default 3D sampling probe.

By way of example of the present invention, the defauit 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 exiracted from data volume 240
by VSM 230 o draw the image of the intersection of the square default 3D sampling
probe with the 3D volume (data volume 240), Particularly, data is extracted that
corresponds to the intersection of the square default 3D sampling probe with the 3D
25 volume in the xz, yz, and xy planes. This data is then sent by VSM 230 to GPM 220 so
that it can be texture mapped onto the planes of the bounding box to provide an image

of the square default 3D sampling probe.
In one embodiment of the present invention, the data that occupies the
background xz, yz, and xy planes themselves, as well as the data that occupies the 3D
30 volume outside of the defaunlt 3D sampling probe, are also imaged or displayed (in
addition to the default 3D sampling probe) during start up step 402. Alternatively, start
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30 vol une outside of the default 3D sanpling probe, ar@5aimd208%ged or

di splayed (in addition to the default 3D sanpling probe) during start up
step 402. Alternatively, start -21 25 April 2005 WD 02/ 37422 PCT/ US00/ 29835
up step_402 ifim be carried out so that the data that occuBi es_the
backgro}mdn‘%? 4,2yz, and xy planes, or the data that 5‘5139‘?9 B8 he 3D vol ume
outside of the default 3D sanpling probe, is not displayed or inmaged.

Preferably, t nt 1. t.Lon. i arried ou o that , the ugser can

sel ectivel yP C?Igg 8?%?;%%&"“%@?8‘&51%&%@?%‘*‘?ﬁi‘“&%‘%"?ﬁ?ﬁ“@%ﬂ%ﬂé@YHF@ backgr ound
Xz, 5 yz, ayclanys, pt Basta tHSodehits 863D REluAla oatsidb of the asHiIt S5 sddiingD Vol ume
outside of the active probes. In a step 404, U M210 is waiting to.respond

to user i npRbegpnotdisplared or imaaged.Bypferebly; the presestipecstionis eandts aut sogbat | nput

devi ce suitt]%:q]E b ' ing.but .ngt  likpited to, a
keyboard, nous éictalj?%e&ééﬁﬁeé%%h ryg%r%ggcﬁ%ﬁa?{ %IF P%%@gﬁcgﬂ?% IﬂTeg P&ﬁfﬂuﬁ{[ XZ’ or ot her
type of 10 yauintiappngpbnieling tiebaliadient o&upies Be 8Deomble\onisids of the astivenput devi ce

conprises a nouse or other simlar device that enables the user to "click"
on a parti ®Rb8¥ di spl ayed i nage, and "drag" that displayed i mage to

anot her locatio BB 14 RN | . e and

re- shape di spl a&eﬁ%ﬁgg’es. %Sé%agﬂﬁ&tg?e\é# ér%‘%ﬁ@‘ Jggn@?lggrfaéﬁg%t gﬁ%ﬁ&‘ a user to
activat e disipecti@drhromphasser mpok dedicesaltehid foi Use with & canisited pidhelivg: Huoiott he col or,
shadi ng, 1iipléi htiﬂug and transpa{(ency ttriputes. A_keyboard can al so be
used for e ngH’ga YRS MY Fickdtergllalerball, llprpoind ot atfentyas s

Ref ejgnce 3&&%@{9&%@@ dEREELR. PRAGHAY e {s8r @H&'dé{zi bdprls 4 HBGkIRNS that can
be ou y e

carrie présent 1 nverti on. ese tunctions can be carried
out indivi dthat dimilardeviss tht chablesohesisst to thdipleraiapgrticplandispiayed infagenmd he user.
For exanple, gprobe can be nnvedmégp(tunction 430) and rotated (function

450) si nul { #A® dhatidisplayed imaes p@ngt AtHs Suelohiser inR deree sllewap Bi®e numer al

406 are bei GahiLe . LBBg : ' s being
re-drawn StltJ ?m eﬁtr?%a ?ggjfpl%%ﬁgfe pé(r%ggé%%%Fgéar%gg?%%b%%ﬁ%tﬁser. Each
of the fuactvaendop-dent mbmadartytorsefeatr the earious wptidls f80fhe \tblot, shaing)e

described. |f a user wants to change the default probe, then function 410

i s chtriedlighfing. #HE rapspagReYptriogies. c of KGYhogrdotan 4lthee usHl I GniEFEE shown in
1 oos o 1Bl PO ARG % |1 siep 02, e chanaes (o
changes to the RefbrndetnuprenbdiCaicrdgentally tvea ploafiy ofifusiizes, thathvan be
carried out by the present invention. These functions can be carried out individually or
simultaneously, depending upon input from the user. For example, a probe can be moved
20 ~ (function 430) and rotated (function 450) simultaneously. While the functions identified
by reference numeral 406 are being carried out, the image of the 3D sampling probes is
being re-drawn sufficiently fast to-be perceived as real-time by the user. Each of the
functions identified by reference numeral 406 will now be described.
If a user wants to change the default probe, then function 410 is carried out. The
25 steps for carrying out function 410 are shown in FIG. 5 by way of flow diagram
connector SA, Inastep 502, the changes to the default probe are input by UIM 210 from
the user. For example, the changes to the default probe can be to the shape or size, the
location, or the attributes such as color, shading, lighting, and transparency.
In a step 504, UIM 210 sends a request to GPM 220 to draw the changed default
30 probe. In a step 506, GPM 220 requests data for the changed defauit probe from VSM
230. In making this request, GPM 220 would invoke function 430 if it was necessary to
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| ocation, or the attributes such as col or, shading, |i@&tAmgZ208hd
transparency. In a step 504, UM 210 sends a request to GPM 220 to draw the
changed default 30 probe. In a step 506, GPM 220 requests data for the
changedy@abaths probe from VSM 230. In naking this 3§3PM 220 woul d
i nvoke function 430 if it was necessary to -22 25 Apri 2005 02/ 37422
PCT/ US00/ 29835 nove the default probe, function 440 to re-shape the default

. probe, andfxaakiaens fofe, ﬁfncud}ﬁﬁomersﬁép@m&ﬁ@tﬁ@ﬁ@%&ﬁﬁé@h@ﬁﬁﬂie f or egoi ng

functions will be described in more detail below The data that will be
extract ed ﬂﬁ%mrmm@mfmrotmm@mmmm will bp dessabeddn moretdgiail r equest

made by GPM 220 in step 506 will depend upon attributes that have been
selected b ]PWE user. If the opacity settings selected by the user are such

that all dat avEhdi@sa BEcvikpaskRcted fom dafibroliaieR40 by VERL 230 BYesySie 230 Wil | be
limted to the surfaces of the chan&ed default probe. Because of the

sel eci ed ofeibe teguest wadg by N 22(ia SEB§ {ledepasd upervstrihutes thetdhazekeennsi de t he
changed def ul r SO t d surfaces or
out S|gde of f Ct%dhgﬁglgﬁmgéf%u %X%ar"gﬁ ls%%gt%%é?&%&&?a% Su%}g%‘%gg In a step

508, GPM 2aaam&@%&p@u&,lﬂ@n&@tdacaex&aeaab}eVsmwﬁm lﬁfiﬁufe@fo thdwarfasesf aces of
the changed default probe, and draws the chan%hd defaul t probe by texture

nmappi ng onp’éﬂlwl@ng@rd% §robi= rBeteuse phhnsctecigl pprot ét‘ﬁlﬂltnﬁﬁﬁnoé%m%@fect ed by
the user. § ttE% % e?a"ﬁft F]otbhastogn%atﬂe@a?aéo gft‘qethgser the

i mage of the ange rmre y because

| essjglat a E@ﬁﬂésdr@utbtﬁeWtﬁ&cﬁ&ﬁg&ddefhulﬂnmbetvhﬂbdam@cte@tﬁ)f’ESMQBdlI!ﬁgsiep t he
'inside" of the changed default probe is not Processed AIternatlver, if

t he opaci t§0&,&PMmj@r@¢@SSé%ﬂ1@éﬂtwﬂtaﬁ@d%\é$Maﬁ% os thegurfasat ofdhprphanged t he

dat aval ues q 0 t hen the
dat o oxt r ad0 e AEBAURRE RS iR R R SRR RATRARER . |
~entire vol W@Haﬁcb%&h@d’t@ﬁ@u%etb@feﬁbﬂhem&@bBy eBertdbgenlpihetdan thel ect ed
opacity and transparency, it will be possible for the user to see inside

t he changegandles sen by gheoiser; t@d%@%?@%ﬁﬁ‘cﬂ?@ﬁukg’rqb@ gk be IR0 ol ume  of

Sitult on. Ry oty lege Buthooty REDEHbERRHTES, Yo Yl Clbppd P HEBST ) 506
and draws v;hgid@'hﬁlﬂ@eﬁm%edwhlﬂtpr@jeqb@otlpybcméd,lrre renderl ng in accordance with

the attri butes sel ecte the user. 25 |If a user wants to create
addi ti onal pr ob&Eematively, lf peRacigrsettings selecied by thewscpase suclrthat some of the

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

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

30 additional probes.
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present invention is not limted to any particul ar nun3érAmil 288%i ve probes.
The steps for carrying out function 420 are shown in FIG 6 by way of flow
di agram connector 6A. In a step 602, the shape, size, |ocation,

attrib for the additional probes are input 10fromthe
user. T‘ﬁ@”&?’éﬁ 604, U M 210 sends a request to GDMPZ%UStOME%%W the

addi tional probes. -23 25 Apl’l | 2005 WO 02/ 37422 PCT/ USOO/29835 I n a step
606, GPM 220 regues | o] . Ina
manner simlar to t(ﬁ% descr| g égb&gg%&f{#tﬁgﬁ%ngl Sbe%]gr&g‘ fau t prob t he
dat a t hat Insmemieranmladofthaodns&[bedabdafmchfangmgﬂneméﬁlmlamvamaﬁﬁtthutI I depend
upon the opacit t ed, by di ti onal robes If the
opaci ty seﬁ‘?"ﬁ@é %g e‘&tqﬁ‘?‘fqﬁf@“hg‘@eb %‘I@%E%ﬁ%f’mfl UER SP%‘R&I ues for
the addi ti QOadedtyARETeAHEMO RETIRAal trilRE tﬂ@o&Q@zttﬁseﬁ § @R by BY M 230 wil |

be limted to thé surfaces of the addltlona pr obe Alternatlvely, I f the
opaci fy setatdsngsthatalldataealuds iortﬂtaeiddmemal frobestaheeoraghat, thentha datpesttze®dar e such

 transpar en®? VNERL Bt pifSa e fuea by WP i Bl MR e e dat a
cor r espondighhiy etk sBthd M@ﬁééﬂﬁ?th@fad&lﬁk?naf:g%és'afé%&tji@c sBrEBeGe I N this

manner, -t he addi ti onal probes can drawn uickly by mnimzing the
quant i ty oflatavalues ek apaqueistd shme pithodatayeldes atern‘aasmteaptlﬁﬁﬂxed@mm@d processes

t he dat t .V 0, f th dj t | th
addi | onal opVOBLEh vt ne e i e o Rng v PR PG SUE sl BoM) 1 he user
ei theg by Egd&&é‘ Wﬁthiﬁ%hﬂ%th@ﬁﬁtﬂn&ﬂ%r&% {aR 66 GraPh nfoREAGY by BRIz OPES, 15

or by volu rendering the entire volunme of the additional probes. If a
user want s theouaniieofadaarthds equst Yegmockssadt i on 430 is carried out. The steps for

connect or 7. 111 % SSR60E GO 2Piigees Mclain Sxel o ABMRshan B8 nput by
UM 210 fromifdil HoBds; mldndtﬁws B ahfoRY pRBROM! B banet wath%eoarefo%s i nventi on,
the user inputs the new | ocation of the 20 probe by clicking a nouse or

ot her typeseitfct@dnbrﬂablb@,m&@bymmmemmgmatotthnswfmsefﬂmddmenalpmheso a surface
of t prob to be ed. .The.us C es..the | ocation of the probe by
NOVi \E‘S t he® "I?)erreﬁ‘¥°ﬁl§$tb§ﬁptt‘r56’&8mﬁ ﬁ‘?‘gF’ ﬂc’/lt?eée in any direction,
thereby dr aggl NG a ubdd Yahs @PRoA %é}gbeathﬁﬁ ﬁin@lfdnqﬂli is daftied ot Cfhe &afs fob M 210

sends a nove request to GPM 2 to draw t he probe at
carrying out function 430 are shown in FIG. 7 by way of flow diagram connector 7A. In

a step 702, the new location for the probe is input by UIM 210 from the user. In a
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 snep a pointer
onto a surface of the probe to be moved. The user changes the location of the probe by
moving the mouse or other suitable user input device in any direction, thereby dragging

the probe along a frajectory.
In a step 704, UIM 210 sends a move request to GPM 220 to draw the probe at
25 the new location. GPM 220 requests data for the new location of the probe from VSM
| 230, In a manner similar o that described above, the data that is extracted from data
volume 240 by VSM 230 will depend upon the opacity selected by the user for the probe
being moved. If the opacity settings selected by the user are such that all datavalues for
the probe being moved are opaque, then the data extracted by VSM 230 will be limited
30 to the surfaces of the probe being moved. Alternatively, if the opacity settings selected
by the user for the probe being moved are such that some of the datavalues are opaque
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25 the new | ocation. GPM 220 requests data for the new2Pduntli28® of the
probe fromVSM 230. In a manner simlar to that described above, the data
that is extracted fromdata volunme 240 by VSM 230 wi || depend upon the
opacit d by the user for the probe being e opacity
setti névgﬁg&el%%:zteed by the user are such that all data('elﬁktln(e)&slE %SP t he probe
bei ng noved are opaque, then the data extracted by VSM 230 will be linmted

30 to the 19§é}9ﬁ?&?ér datl Rty 236 fyt he opacity
settings select egﬁtﬁéy %}guuser Q‘%’e pr(ﬂ}ge bgl&% nove l\)aflre Evtljlch t hat sone
of the dat awhilets dateeompaopiing-t@ the 26tirdApoivine 26 s pribe®Ring ida&l. BETHi4)SO0/ 29835

-and sone of t he dat ayal ue e tr.ans ent t hen e data extracted by VSM
230 vi I SR i o Btn BBOR GRob MR PERYBRERE BF he b obe

bei ng mvequmlﬁcﬁ‘lahﬁthaﬂﬁﬂﬂ%é robddedpr obe can be drawn at its new | ocati on
nore qui ckl'y by m nim zi ng ﬁ gquantity of data that nmust be processed. 5

In a Bstep 708, IGRMeRpT08, @Mé&wecesmeﬂﬂdata egtracted by é"@l\bgéﬂ\f@t\‘th@ﬁ@bé or the

b b it I t d
bt he. s bed it i Pegrobs & ihasvy Bstttonn fostiigs S0 R RED o ng. ont o
the surf aceseoRd i RRNEMBN Wt ¥R fine %tobmesaafauégeofrts@ﬁ%é Bgngd he entire

vol unme of the probe being noved e user noves the probe, for each new
| ocat i on omovédeoqhw@é}mmmgnmﬂenme)wlhmeq@he F@Bebﬁu@m@péat ed at a rate

sufficiently fast ,that the s e|v W th

t exture mappi ng[?f’o'fh VoF Lm%"eﬁ §°fa?§° E’ﬁ?t}c’&t%gtgci’fﬁ SWES? "real -ti me"
Wi t hymovenmnpidugR o8 ﬁ@reﬂéa%%taﬁféﬁufﬁﬂ'éﬂﬂf fhﬁﬂﬁﬁh@&efﬁr&ﬁ@&’\ﬁe Rlaglofihame rate
sufficiently fast to perceived as real -tine by the user If a user

want s to rgolsehaphtmmummgOhmiMQmmdmogamﬁmpmteahangmgmd‘tﬂal- " used 15
her ei n, erm a ers t,o,any c di nen f a 3D
sanpl i ng p goygme ”gﬂf/ EB’EDB%t Hmaﬁerféb%% eé}?)‘f”gﬁtasf%néﬁ PFBIS‘iléIEP B’obe can be

changed, Ofastrtghgiﬁ@g;%dagggﬂ_ﬁﬁgmggserby changing the size in one or nore
directions, such as by changing a square probe into a rectangul ar probe by

i ncreasi ng t he I§aneerofantsHe rqaﬂmpfea pmbt,ﬁhenmmnuoedﬂﬂ orared dut. deawsehisi ng t he
size of th rqpe in,t u CtIO not her e shape of a 20
30" <kl niFapabtent st St DR Beer  cal ¢ o
rectangul agpy d]&auoiﬁtrha@ﬁapeefaembeng ProBASAT R chkhged a rbBihpBd, @b (equal

di mensi ons |n the x, y, and z directions) can be Te-shaped in accordance

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

* area is preferably displayed in a color that is different from the colors being used to

.25-



smal | er square-shaped probe by changi ng the size equal 12y Amil@88h of the x,
y, and z directions. The re-shaped probe also has a square shape, but as a
| arger or snaller square. 25 The steps for carrying out function 440 are
shown iRofhSrS by way of flow diagram connector 8 p 802, the
new shape a/n%%or size for the probe is input by U &@f@@%@%ﬁet he user. In
a preferred enbodi nent of the present invention, the user inputs the new
shape of adpplaptheliveiaésof fhysgalpanmises of theGDhebluteder seif Wen thalpbigtenser i nput
device to snap a, pointer onto a 'sizi tab" of the probe to be re-shaped.
As used heiePiPpedls e sidngta @Wﬂlﬂtl%«rfggfsm%eaﬂef@‘smmgﬁw chgss8k a surface

of the pro ' | : ' kp a col or
Chat 1o di Prarout g nioRo R iR diaghe HFE Rs Seadl MR 880

02/ 37422 PGHircbEd @IBAS idkeaghed yhetuser agaia tlidls sheanoushyrsiseradpupdeviceed er s of t he
3D vol une data set., n the .poi nter. is snapped. t e _sizj t ab,

mani pul at i eaéqtﬁ?%m\ﬁ/%%%tﬁlﬁﬁng%@.ﬁ?%}?bs&@.ﬁ a@ﬂg}%&é@lﬁﬁgﬁé& nsi ons or
proporti 0“§izﬂ§téb§'ﬁre%iérsfnﬁﬁﬁarﬁ&hu§%b ﬁl?th B&ur 4 th Eiﬂfaﬁét&fthégﬂoﬂfsﬂilﬁ%othwen the

desired size Or shape is reac the user again clicks use or user
i nput devi beundimgpeombtonafahd prebesolhstlecatibn ofiihe kizing itabs ipot HimitedSiortheg t abs ar e

illustrat in, FIGS. 15 d 16. .Th | Zi tgb t |]. dark
st ol e AR AOS, WS Sl fhe 6 LG S, dor K squar e
the probesoHifd e gt uidh i 8108 Sicksd ool bk Gbuldydafie  boundi ng

geonetry of the probes. The user changes ﬁape of "t he probe by clicking
t he Hbuse the sutfdve beingithangrddasibedesiredbdiapea end then wletsingahshausadrotatbe novi ng t he
nmouse until, 10 the. surface bei ng changed has the desired shape, and then
(ol easi ng HRGE SRS FFOH §70 Do atheiRg It Basesoany Wig QRS ST SE8 Pepeat ed, | 1

Necessary, nidsé (il Heiibesd Bishiped Rifie Rirbd\@apddr Obe until the probe is
r e- shaped Fo the desired shape. It would be readily apparent to one of

skill in the réltwouldbe madilyapparens to enslof slighin the reldvamt astihaw tointpldmenb r
re-shaping the prob f the present .invention. It is to.be 15 understood,
novever . CPHEE & Hetg itk Bt SirnBR RoATabes o RrcrelveRiobndt s Bt <) 21 ng
tabs; or rﬁﬁ&ﬁ%ﬁ,%m@?&,hﬁaﬁtﬁeﬁ&%n%@é{ﬁoﬁﬁ'nbﬂ%&dﬁ@&@%%fﬁﬁﬂ%]ﬁﬁs fgsed. For

exanpl e, the user could seléect froma nunber of pre-set shapes (e.g.,
squar es, r eethapigg probesydridther witatdphetheds)cab e usad tFowesinply, the dseoperdtbwn nenu, or

by scrollin rough t he .shapes by repeatedl y cljcki.n a . mouse. 20 In a
o ep 804, Eitoor 308 Simre of PRERET AR ¢ ELmBepS s SO S Phe r -
activating a drop-down menu, or by scrolling through the shapes by repeatedly clicking

a mouse.
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
 there-shaped probe from VSM 230. In a manner similar to that described above, the data
that is extracted from 3D or data volume 240 by VSM 230 will depend upon the opacity
selected by the user for the probe being re-shaped. Ifthe opacity settings selected by the
user are such that all datavalues for the probe being re-shaped are opaque, then the data
30 extracted by VSM 230 will be limited to the sutfaces of the probe being re-shape‘d.
Alternatively, if the opacity settings selected by the user for the probe being re-shaped
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shaped probe. In a step 806, it is deternmned whether R8rAprd2085i s needed
to draw the re- shaped probe. For exanple, ifthe re-shaped probe is of a
shape and size that "fits inside" the existing probe, then no nore data is
needed, wands cessing continues at a step 810. if the

re- shapwg plrgi; Is of a shape and size that falls atﬁﬁzggsn partlally 25
outsi de of the existing probe, then, in a step 808, GPM 220 requests the
dat a neededd Qich thfiSohR-cEAP ASkaPARRG:: b emlar to

t hat descri bed above, the data that é trac%ég Prom 3D or data vol ume
240 by VSM@B@am,thenlép@aﬁdeximgtcdtbnéfsazpmwmc&ualledmtdadcb;reaphmimgmr for the

probe being re-shape f the 0 aC| ett selected b user are
such t hat g‘?‘i S A el?é epfybe b %‘%@pﬁbi‘f% ﬁg gf‘a‘i%’bBEI&&?He then the
data 30 extHifCiiseabvP ¥ha¥eMods Quititly |byb}§mn'n%§% tﬁlﬁnﬁt?%f%dfaflﬁ&elﬁuﬂfbet he probe
being re-shaped. Alternatively, if the opacity settings selected by the

user $or tmeocpssebe being re-shaped -26 25 April 2005 WD 02/ 37422

PCT/-US00/ 29535 at av ue ,and sone of
the dataval ues Jre HiaabERaRRRuRun: die Rl bl TREr B AL 250 |
i ncl ude t h@ewlaicashad! B3 BN HHRGrdbe with Hencithireth edriiRe ffih b Saiugke bei ng
re-shaped. In this manner, the probe can be drawmmn wth its new shape nore

qui ckly by Sﬁﬁﬂﬁﬂﬁ)’zthm‘gset, faighey batw:twgfmmpmgaan@ thtarfapas of thb@robﬁ bpm@nses sed. In

step 810, geesse tra e VSM 2 or t he probe
bei ng re- s%ﬁ?@% ‘&P%\{% elnﬁg 8 %béﬂ’ AL eS daccordance with

the gytributes A§ﬁde%§ér‘éﬁanl@¥sth@§1ay§@fth dﬁb&éﬁ%pstmﬁﬂ%ﬁg&ra@n%&@[bea&domo the

surfaces of the probe being re- shape vol une rendering the entire
vol ume of ah@rqﬁ@ﬁ@clwélwﬁyt t@tﬁlhalwdnerc&ﬁ*emeMQeucéel:e whizn yath tedtereshape of

t he probe, _steps 80 h810 are . r ated, at .a rate sufficiently fast
that "t e uCBPRBE PERfpiet ek fanu it RS GhE b rlie SRS HE Pebefopi ng o

vol ume r engipk BHiha proBBPTIRNagS B beinl 28R af I frahiEdle-shiiifRniyakitotbBe changi ng
shape of the probe. The inmage is being re-drawn at a frane rate

suf fi ci ent pgredivestasrepl-fme bptheasirved as real -tinme by the user. 15 If a user

want torotate robe in f rri.ed out. In

func |on 450, ﬁau%f) |é°n1:t°aBacFﬁgbevmp@ﬁp§cg t#%g%uég%ﬁéﬁfc%? Uttﬂg 3D vol une
~and the prRgReon 430, GRBIOGkNalBE vadh & MedalnR Tod bith S 370VdhRe adifthkhe probe in
space. The steps for carrying out function 450 are shown in FIG 9 by way

of flow di Bepbanis diergedchaebyIptatingthe 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 {o release the pointer from the axis. It
25 would be readily apparent to one of skill in the relevant art how to implement such a
change in orientation. It is to be understood, however, that the present invention is not
- limited to changing the orientation in this manner. For example, the user could select
from a number of pre~set rotations (¢.g., rotate 90° to the left or right; rotate 45" to the left
or right, etc.) by activating a drop-down menu, or by scrolling through the rotations by
30 repeatedly clicking a mouse.
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a step 902, the new 3D orientation for the 3D vol une ar§ Amd 28Pdbe i s i nput
by UM210 20 fromthe user. In a preferred enbodi nent of the present

i nvention, the user inputs the new orientation by clicking a nouse or

ot her t. uitabl e user input device to snap a ' to an axis of
t he proﬁ@%tzg;%zz rotated. Manipulation of the nouse 0?81:1 é]réglsgg;ut devi ce
changes the orientation of that axis. Wwen the desired orientation is
reached, the Uuggy b TR 219MsSndk :?iﬁ ' OBy o rel ease
the pointer fromt %@gg’i S. iIlt I§25 \?\%ﬁ%ﬁ%@ég Il ya%ggg?ent “{Kg&%‘%e of skill

i n -t he r el divantated ptobhdna stop 906 GEMEX20 regjuests data fottergmiddprobe fremtV8Mon. 1t is

to b d d, h , that th t ] ti ' t_limted t
changi ng t FRVoRRERE Uit Uil GO i ot ot AP 0ul d sel ect
f [ i ght ;
oM o ha" R BhRE 9466 YL AR dfndipon BB SRy difuskelt 0" 11 O

rotate 45 to the left " or right, ¢ activating own nenu, or
by scfol | i pgobeemgghtatede If dbeatpaoitis sdttings 36lected bpttiedbsgr etei sukh thayt allnouse. - 27

25 il 2Q05 2/ 37422 PCT/ US0Q/ 29835 | 904, U d
T eahest t - dayalies 1 et by AR PRI (b (o FrEArA b LB be 1 a
step 906, Qﬁhﬂb@a&ﬁe@mﬁéElﬁfa@égt@tﬁegﬁoﬁefb%mggée@%&%% a%hf,gﬂgg tb’@%{}gm- In a

manner simlar to that descri bed above, ata that ed from 3D
or data vetttimgs s2ltCed py WBMIRBForvihé profie beingl retated atehsaclo gt sdme sitthect ed by t he

user for the 5 probe being rotated, |f the opacity _settings selected by the
user are s Etﬁvap%éf‘reﬁl’?q“eﬂ%tsﬁ’élﬁf’]{}g%dafaﬁfj“?sﬁ?_ e thenfhe S’f”@ﬂwgre opaque,
thenig he dafgsprdanah ﬁﬂlua¥th¥§%3§&spdﬂ%ﬁ1%tobtﬁe it Jofnd @ el pRobs Blihgices of the

probe being rotated. Alternatively, | he opacity settings sefected by
t he user f ootatechdn flaisoinnbrpiha grobetantbedrawn with itetew driztitatiammore fluitkig by dat aval ues

‘are opaque _and. so of t.he _datavalu are transparent, then the data
extract ed fﬁmﬂpﬂéﬁ?%&%‘ﬂf&tﬁﬁﬂ%ﬁgfﬂ@cﬁ%ﬁa corresponding to the entire
vol.ume of the pp 9'@8,'@&&2’29&)%@3gesltﬁé‘%attahé>&aw UsM 249 1B 80 8rop@n be drawn

with its new orientation nore quickly by mnimzing the quantity of data
t hat nust benpraaed sed draws the pbOO&h iGRMVARBNpIOT Bseadirdee vddt the ext r act ed

by VSM 230 fqr th raqbe, being rotated, and draws t robe with its new
of i e at | off T deeL e Wk R B Brete i grd S urit aifEyobhe user

ei ther by L& thRed BB Vdlint Yechile he Yt 6Q8mObf thd'srobE Mt BRiay rotated, or
by volume rendering the entire volume of the probe being rotated. As the

user rotates t hasibe ofperdtatessie prpbadie 3Dsparpsstepd 202 througly MODSrepeatedrab peat ed 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 changing
20 orientation of the probe. The image is being re-drawn at a frame rate sufficiently fast to
be perceived as real-time by the user.

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

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

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

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

selecis the option to rotate while fixed in space, for example, from a "drop-down" menu,
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arate sufficiently fast that the user perceives the i Rad®PB£0@he probe,
vm'th texture mapping or volune rendering as appropriate, changing in

"real -tinme" with the changing 20 orientation of the probe. The image is
being r gup, at a frame rate sufficiently fast to ved as
real-tlﬁe %ry the user. If a user wants to rotate a praﬁU w% fsle it is fixed
i n 3D space, then function 460 1is carried out. In function 460, the 3D
orientatio ent ati on of

Fnfisch 4&@113&1 A0 fhendw Bﬁén?atnﬁﬂfdrﬂfi %@@ Bﬁékiﬁ a%ou%l Xegﬁﬁf}é

t he 3D vol une, ereby rotating t epro elt the 25 3D
space defi nésintblglemsamqmtésvﬁcattm mapafpobntaeoﬂ:@mcakmnﬁthelpmbbhrbemmer, t he

- background,_ . pl anes . an _active probe .ca |s ed | flxed
~orientati OMRRE’ “?‘T’l%io%t“?%e ﬁr‘&ﬁre‘BP‘Eé]ﬁ“Beea}aB%eﬁt ﬁtf% PHckgr ound

pl anes. Theyish eRselifdd &Eﬁtﬁﬁdﬂgx&&ﬁedftﬂ@% Mﬁk@ﬂh@nﬁ:ﬁ&% vt iffh® 10 by vay
of flow diagram connector OA. In a step 1002, the new 3D orientation for
t he p¥obe dsmertpmleabg/ﬂlemmﬁt‘ﬁmmmaﬁﬂsoiﬁhvvdnklbmsrmdﬂylappa&npiodnepfﬂmﬂenbodl ment
of the present jnvention, t user sel.ects the tian to r while fixed
'h Space. RO i 107 o Rt SR T irratatbh 3 e BRaREeon o
02/ 37422 PLdddai0that 23 RestiCinttafibn k%ﬂhﬁnﬂ&yk% Woﬁéﬂtﬁi&hﬁﬁ Gt for the
pr obe by cllcklng a nouse or other ty of sui | e user input device to
snap a poi niagier. oﬁonﬁxampbxihsusﬁfrcmﬂésqwmlﬁfema)nmer oiza‘aﬁei rotafignsi(pgl at i on of

th t d th t at of . t hat is. W
the des r et i e Rt e LA B haorgel Ay At At R Mo se. or user
| NDULg 5 deilefi of By ScRRANRrohBPTRAuoft b fepckiRRihPa mbisewoul d be readily

apparent to one of ski inh the relevant art how i npl ement such a
change i n ori erinatstepri004,{UIMs2H0eists amemiest &t otk WhlhcﬁmdlelrsPaQeHaGPMe pr esent

[ ti mted.t t at . F

exapl e, |t P B U8 ap el aRbEr 2 AR A0 b 2b B elator B SuvBhe (e g, .
rotate 90 hQhd ieml *@éM 30, rm%iamér%ﬁlaﬁ tdHhat dbs&rh{éd laB&Ve, BE dbiaGhdtis €t C.) by
activating a drop-down 10 menu, or by scrolling through the rotations by

r epeat edl yexstactedkiftogp 3D oo dste. V01um6324§tbafpVSM@40 will Meperd wondlse epacigquest to

Coenls o0n, st 5 he BerRERE risRe FibamoE, 16 B ited s I 230" T a

nmanner si MydedkretsBol MAtalldRRSEILEETr AP PMBe b&xﬂ@ro%éc?ar& Bpdqué, Shenaiid dact ed from 3D
or data volunme 240 by VSM 230 wi || depend upon the opacity 15 sel ected by

t he user f e¥trattad byr 230iwiy beodlimitedcto the surfacesopfaibe pyobe demgrgtitedel ect ed by
t he

 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-fime" with the

30 changing orientation of the probe. The image is being re-drawn af a frame rate
sufficiently fast to be perceived as real-time by the user.
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user are such that all dataval ues for the probe being Zétr8d08% e opaque,
then the data extracted by VSM 230 will be limted to the surfaces of the
probe being rotated. Alternatively, if the opacity settings selected by

t he useynf e probe being rotated are such that 'ﬁ%ﬂ e dat aval ues
are op:ggé@glr?&dﬁsorre of the dataval ues are transparent, 8'%95%;; t he data
extracted by VSM 230 will include the data corresponding to the entire

vol une of the piQhc-Rghe Ak s pe:To] be drawn
wWithits new ori entrgt%illogjcrm e qwagt%l&gi& nlgh%%lllﬁgﬂ? 678%2%1?{%?)/ of data
t hat nust et Tﬁhm@sﬁmchnyﬁngostfmmﬁﬂ:ﬁ)@mar@Wﬁﬂ(FI@rldd;ym?sfﬂdvedmmﬁm extract ed

by VSM 230 for t pr.obe tated and _draws_f he probe with its new
ori entati off® ’?”ﬁ"t% J—Bﬁé@piﬁzhgﬁeﬁ the date g offlae U velumpyand Re user,

ei ther by t@xiidh eriitBPRisBOoPikR AL ?&ﬁﬁng otated, or
by vol une renderi rllg tﬁdes e%t(?grte vofﬁ%rre of the g%%%%n@{gﬁﬁg ?’gétf%tghg% As the

user Fot atémsbdfﬂqaopnmathmhmbéataSetoﬁvokelxeﬂtdaﬁnm&e gisdpssriiddelowhr ough 1008
are repeated,a r.at flClentI%dé st that the user percel es the i mage

of the proB‘@ha\HKﬁWI“ﬁ fodierciiase SIPHNEADTObS OF &} GTRREr S priate,
changi ng i grobé %wédef‘%e S fbidds E‘ﬁlb%%ﬁaﬂ?ﬂl@&é?ﬁe%f&%lﬁiﬂa@%ﬁﬁés probe. The
image is béing re-drawn at a franme rate I ci ent ast to be perceived
as real -ti neluimy, Gtutsaieubﬁaractxv@ﬁol% ereﬂerrmmﬁeﬁﬂdﬂ%ﬁeqﬁ@eﬂﬁﬂvwﬁﬁﬂ/ 29835 If a
user wants to carr%% ut an. "auto picking, oce n functlon 470 is

carried offeusefdedstanption fo exeqifsn Ao pigking RSOt MRS ARG i 1 P G 11
by wyy of radhs # nt within

t he data sg{]&%"fﬂ?ﬁg 3D &gﬁgﬁlﬁg&cgrﬁhésgédpoglfl%gt%%ﬁlh crl%és?l a&%g@g%

dat aval ues suitable ugrpuput Hevidel tivis2p@ foindenontocheid@ired deed peintabhyscbectine seed poi nt
Is within the.data set of voxels that_defin s.a robe As descr.i bed bel ow,
such a proﬁtéte?gcqnzlfeelrn?‘étd;q(‘fxq?&l%lbﬁ géagh{galb éﬂ“l’ﬁﬁlqﬁ&yﬂ‘t‘eﬁﬂg Br an eraser
3D sanpl i nq,ecaﬁeaaﬁmda'pmwwm@bé@ﬁﬁh Bﬁﬁa?éntﬁ)%e Bkt e tell tQ@t a set of
voxel s that defines the 3D vol une, outS| e of an active probe. In a
preferred h@ﬁbwnnﬁrﬁtonﬁheu%eaﬁﬂeép@mandﬁitmgwfdawﬂahwﬂser sel ects the opti on

to execute an fr "dr.o 0 down"
menu.” The user ﬁé’F? &gﬂe@?@‘%ﬁ né%@ha“&ﬂlﬁ?ﬂ% tBQ%%ﬁQ ?rﬂ{f‘g’eﬂll%r ot her
type of  SitdaiirShelm@lsteh MUK Gﬂwz@ﬁq&eetsw&&d%oﬁ%'t@ﬁﬁal’ge%m@smmes' red seed
point. The selection criteria can be input, for exanple, by graphically

sel ecti ng &hg salkgted pointhgre tbase Mhapt are cosqmmdftocthmsmépomalan@ﬁaﬂbsve 4t woul d be

readily appar e u%“;it%inotﬂgse efctlgnkél‘{ttlbrlal n the relevant art

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. Alternatively, step 1108 can be carried out to "erase” or delete from the image
the selected points.

In a similar manner, auto picking function 470 can be uged to "erase" or de-select
25 | points, For example, an eraser 3D sampling probe is defined, such as by invoking
| function 420 to create an additional probe. A "de-selection” criteria based on datavalues
is defined. Points previously selected by an auto picking operation that satisfy the de-
selection criteria are identified as candidates for de-selection. As the eraser 3D sampling
probe moves through the 3D volume, the de-selected points are deleted from the image,

30 and the image is re~drawn sufficiently fast to be perceive& as real-time by the user.
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how to input fromthe user a seed point and filter rangé Ail@QPaval ues. 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 selected points to

I mge f 230. The selected points are those t nnected to

t he see %’}/ﬁ , and that have a datavalue within thlgt'a[t ﬁ%@ggtlgsgn criteria.

In step 1108, GPM 220 processes the data extracted by VSM 230 to draw t he
20 sel ected poi Bhs afdFickish BekAsh PR Risn@bLoPieheL AR Qied by being
drawmn in a color diff g % fromtholse used ){)o g&?ﬁ!t Eé%atures or

physi cal pamﬁbhmslyaﬁth,ﬁbueex@ﬁ;ﬂvmhqxﬂ;mc@taﬂﬁoshtmsmhﬁmr,aaheusefmowstep 1108

b d t ot t th | ect ed
poi nts. 1t epih pars HAEHERSEn 4108, o5t S el 0B A el 58 e 1o
‘erase’ or s%cﬁﬁdlﬁﬁ&ttha@ﬂneﬁ%r B&n?elvé: Phe 1%@6@%}3@6@ GHREE el AR gﬁ% ing probe

is defined, such as by invoicing functfon 420 to create an ‘addi’ti onal
~ probed A d@g@ﬁ&t’hﬁfﬂﬂmeﬁmth‘ém ckenping txtatm ofitht arohe. u&zsthepmbcjieﬁ:lomij Poi nt s

[ I I d K f he de-
el oo | on’ detiapoiptic e fehifi 55 bt fira asstals CaBarBibroh. ne ¢ ne
eraser 3D %%!oLﬁamﬂw&&p@yﬁ%béﬂﬁ%ﬁQsé hﬁ»*%] Bhtk® ki Baovkd 1B 39% gl ected

points are del eted fromthe i'nage, 30 and e’inmge IS re-

suf fi ci ent B vohuwte. Ntemeﬁ\mé’r @@h@/ﬁdbtasmomd, pmntﬂprelwuﬂh&lanadrbyanaﬂo 25 Apri |
2005 WO 02/ 3 .422 T/ USO0/ 298 e | Ckl n bon 470 is initiated

by the usePitkiiE ORGSR B TS SRS cied i e Ry GBS BF PRR I 0. rove

f uncyg on 4%&cnddhsrame?aseia@fv&asem§smn b ﬁ%ﬁév 1hG1RBRBD voifnRPS 1102

t hrough 1108 ug]and steps 702 throug %gl)% t:lare reegat eg at avroate

suf fi ci ent Inei alsamhotlmentﬂ@mmnsmadwmatmﬁamm@esuﬁcmﬂpfamobe with the

sel ected p0| nt.s ﬁ%j;ﬁlgg}’ in "real-time" wth.the changing |ocation of

t he probe. %gel‘fefﬁleasb 5 'd, the selected points can be highlighted

by being drawn I‘f@u.%r&bhht&tbt&éﬁte%(’h%ons%ﬁ@%nhﬁi\fﬁmwtlﬁﬁrﬁﬂﬁéa Rheking 3D
sanpling probe function as a "highlighter" as it noves through the 3D

vol ume. Al stepsmgedssesy for performing fgmbmﬂﬁﬂgremﬂbed Pathertbelopripvéferadeyo sel ect ed by

ti b ted f th
the?ﬁoy habfeﬁdagﬂ‘g A% ﬁ?@ﬁgﬁﬁ@%%ﬁﬁ% g% gsL eor re??sereSIE)nzgﬁpl i ng
probe as it m\@au&éﬂw%&&@e@@wﬂw@m&&t&b&Bﬁdpﬂa’eﬁ%éﬂ%ﬂ{enathe i mage

is being re-drawn at a frame rate sufficiently fast  to be perceived as
real -ti me fynd wihiggdP volume data set, then function 490 is performed. The steps necessary

for performing function 490 are described further below in reference to FIG. 19 and by
way of block diagram connector 204 in FIG. 20.

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

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

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

then function 490 is perfornmed. The steps necessary for performng

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

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

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

accessed b 12 st RE S . t al ng. one or nore
gr aphics m)c? g{t%gﬁigb%&{léi%é}éfpso ag%eg@gg Hl&é‘ﬁ{ﬁp %@%ﬁ%&gs %En@glﬁ es 1216
execut e t heufermaipiisrydronsutiicr etidarsisudhys BewiplPackadiodipasat Balo g liyitiul e 220,

usi ng hardwage (such as specialized graphics processors) or a -31 25 April
2005 WO 02PB W@Mﬂ@@@@%@%'ﬁ&?ﬂéﬂs@) ewsldwar e and software. A
user 44 nput devi ; | ' mation to
ar aph] G5 super oo tFaRe S Mg (R lmded o B0l playe Ik R chBh

super conputgercospaor (X1Pxta al mdltiple-s@ednaditpldyysystemsi2einforapaicdidblcatd 4 om Si | i con

G aphics, Inc., Muntain_ View, CA configured witheight 5 processors,
t hree grapfies 15?%&9?‘%?(5&1’04‘613@11@@ 'H‘%ilﬁ- I%Eﬂi‘fﬁeﬁml%ﬁﬂis gepsetptom e sk menory.

Such a grapBl.fss WoaP &l&ﬁg\ﬂ] w- | at ency
architect upée}blfegh%:bgg?%e I g {hgpe 8%%&1%%?%#8&8%%@% ple g?%paﬁ%igs
pi pel i nes. pEicaiphil24), aseper projepiot K58, dndanpigiit iperjecioe 1360.S Although thse
Hew et t - Packard Conpan f Palo Alto, CA or Sun M crosystens of Mountain
Vi eW,g CA cBifjeglon &g S%ngag‘?gd’.msirﬁ IRREQR18 PRt 16%“"3&?@?‘@?%% Refewahage to be
di spl ayed hﬁﬁ&g@%{e?msgr aphics superconputer 1210 to a nultipl e-screen
di splay system 1 or projection onto a

Projector 1240 has a projection field on screen 1230, shown 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 overlap region 1244, between
points 1251 and 1243. Similarly, projection fields 1262 and 1252 have an overlap region
1264, between points 1261 and 1253. The image to be displayed is divided into three
(left, center, and right) over-lapping sub-images. By simultaneously projecting the three
25 - over-lapping sub-images, the field-of-view to the user is increased over that available, for
example, on a monitor or through the use of just one projector. As an example, use of the
three over-lapping sub-images shown in FIG. 12 increases the field-of-view to
approximately 160°. Overlap regions 1244 and 1264 are cach approximately 5.3°.
Multiple-screen display system 1220 accounts for overlap regions 1244 and 1264 in a

30 well-known manner to edge-blend the images of the three projectors fo form one
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From the perspective ofa user view ng the inmage on screen 1230, the three
projectors include a left projector 1240, a center projector 1250, and a
right pegiesshey 1260. Although three 15 projectors 61;&,&}3& 35 the present
invention 1s not limted to the use of any particul ar  nunber of
projectors. Projector 1240 has a projection field on screen 1230, shown
general ly t pPQj oTa ector 1250
has a proj g%%n#(g)sﬁ%ﬁggl Sgﬁﬁg?g'eﬁhﬁfﬁ%%ﬁgﬁ% %@é%ﬁt%%g?afgg%;g bet ween a
poi nt 1251 fiandSEOF) diondon;| BigBind Rud) sschoBardfi0je2Or dndis. aproj ection field on

screen 1230, sh eneral ly at 1262, between apoint 1261 and a point
1263. Proj ectioﬁf&ilglswsfﬁ CTogie cbasBment ba GoMRNEE FYSigR ighle T84, bet ween

poi Nt s 125}igNihel ns SBIAGE a8 bl ShEleIS 62 1302 have ar

overlap region 1264, between points 12 to be
di splayed isspettiomipder1210 isconfiguesl witd méltiple pecessors 12E20RAMyIY, andewa | appi ng

.sub-i mages. By, si t aneousl y, projecting.the_ three 25 over-| appi ng
sub- i mages SAPHESHP qa?girﬁ@ra@é o %%ﬁgﬁlta‘ir’]@?#‘?é?“g%%eé’%]’%\?@?“ﬁﬁ% avai | abl e,
for exanpk | ot Aot | 0 tector. As an
BFTICOTS fe Mﬂéb‘lél’fon?&h&&ﬁf @%ﬁgﬁbs, 108 of'$if M rolsfShdms! E&hﬁ%a%hﬁ&

exanpl e, use of the three over- I Nng sub-1 nages shown 1 G 12
i ncreases nivduleil216ds ehnecied to angonitari32®for disglat. WchGo: 132 shohld prefeegilons 1244 and

account s { B2 GYOFRF Byiskertdls foraler bR Sy HRT RO VAU CRanner 1 o

edgeypl ends by 1ara98maRl. SbSebliRes RSN ESIAI AakOOIILD qdpidp APril 2005

WD 02/ 37422 PCT/ USO0/ 29835 seanl ess | mage on screen 1230. Sui e di splay
and pr oj ecpwbes gist therstherod memods A80adisplays the SEGRs nieoncigsad tofepglaterid) such as

t he Barco projector units. Fl hows a te e _enbodi of a
conput er s e bifee Bpet D, St 13 4B Bona ks ekl P BufRRPeR T (e
embodi nent g3hANBions feBnpdievigdsaphi cs 5 superconputer 1210 is configured
with nultiple processors 1212, RAM 1214, and two graphics nodul es 1216.

G aphi cs wor kst Acbmpgersystenatripeblé ofrcaurgieg out thafondiobalidy deseribed heimis in FIG 13
are gvailahle from Siligan phics, Inc. or S M crosystens. FEach

qr aph o5 e 8 Pt o RIECHe dCempl, s L2 6 SERME - Noni ¢ or
1320 shoul groBks8drs, sadhlayprodtSsof1 409] PocddscR PAIAGReolRREel RVa coMinuiAiRtRnb@g di splay of
graphics such as that shown in FIGS. 10 15 and 16. Preferably, one of

moni t or s 13408. Fagpisagitvardrmbiodiagpatsafe desreib@iin teampdfitrigexemplary 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 storage drive
1414, representing a floppy disk drive, a magnetic tape drive, an optical disk drive, efc.
25 Removable storage drive 1414 reads from and/or writes to aremovable storage unit 1418
in a well known manner. Removable storage unit 1418, represents a floppy disk,
magnetic tape, optical disk, etc. which is read by and written to by removable storage
drive 1414. As will be appreciated, removable storage unit 1418 includes a computer

usable storage medium baving stored therein computer software and/or data.
30 In alternative embodiments, secondary memory 1410 may include other similar
means for allowing computer programs or other instructions to be loaded into computer
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probes, and the other of nonitors 1320 displays the vaRP\milgBels used to
operate 3D sanpling probe program 110. FIG 13 al so shows a keyboard 1330
and a nmouse 1332 that function as user input devices. A conputer system
capabl f ying out the functionality described N 15 shown in
nore de apﬁﬁﬁ%{FlG. 14. Conputer system 1402 includégﬁgﬁg&%%ihnre
processors, such as processor 1404. Processor 1404 is connectedto
acomuni catl.9obys. NCITE Wal ! gg@ﬁQ@ i hbed in
terms of this e¥enp?§&§n%%%%uter(ﬁg%étewa%A ter%ﬂiﬁﬁ%%%ﬁh?s 3e§cription
it will beconsedgpadehiEstaples pbsiehras kichided progravh eartridgk evdoirtradge how to

I npl ement the_ i nyention usi of her conputer systens and/ or 0 conputer
architectuﬁrggf.fac&'fﬁf&ﬁsgl}af@w{llgm 0 3D rtard leaﬂwrshck%@bfﬁwmos,

preferably ' econdary
emory 14100 O e A i B8 LR M RSP a2k

drive5 1412 andhitenfaces 14@0rwvhivh|aliow tsoftege ault dateto Ubdtdsferaidres esmtavalje a f | oppy
di sk drive, a "ﬁz%nﬁfz'gi t ape dri ve,@a’roptical di sk drive, etc. 25 Renovable
st or age dr SipErEs ¥ath QO RUIH ST ites to arenovabl e storage unit 1418
in a well knowng "sysiSRMPNARLR otb e HBbmiAdond EREREELS, 3 11 OPPY

I sk I ch y an

di sk, magnetic tape, Optica I sk, etc. I's read witten to by
renovabl e $oomBigiatials interfabd 1424 Aowsiseftwire aag date ¢o bt ednsforedibetirer st or age

unit 1418 incl udes a uter usgbl.e storage di um havi ng stored therein
Comput er s STERATGY AR AGIE Htarerifh deices; ERRTHE 4 SOBBBRIAAFL B o ondar y
menmoyy 141940RYad felde BLBEE, §indioRl intBBRBsich! asthd TR GaRpuier prograns
or other instructions to be loaded into conputer -33 25 April 2005 WO

02/ 37422 PCREMYSHOAROGREL, 8 PEMEHA 510 2nd Buk; bicnSeftware aml dateatansferred da exanpl e, a
renovabl e storage unit 142 nd .ap interface Exappl es of such can
i ncl \ljde a 5?%‘6}“2%“353?1&’?%6‘& 4 f]areé%&p:f?%%tjmgnﬁ]ﬁi#é@@t cegggﬁlecggan{ona? found in
vi deo gameci@mintdadic, GhticAFPYBE! Bl Waﬁle%bbéﬁlg(éé&%d%&cmﬁﬁhuﬁ'@ or PROV

and associ ated socket, and ot her renovabl e storage uhits 1422 5 and
i nt er f acesintetface W¥c Fignhls dd2Gaé proaided tonmbnuhamivations brderfaca nvisf asohasmtl f r om

renoyabl e or.age 2L 1422 .to ut.er stem 14Q2.. Conput er, system 1402
can Hso ik u@g?eggmﬂlgﬁ?%ﬁggﬁ?’gfﬂgémﬁ? ate é%‘ﬁ%ﬁ’??geé?qb@ng i nterface
1424 al | owEb&@ptioves Shodd tinsl alcalnila gaend KANS RF lifiladdedNee 8Anmunications

channels.

In this document, the terms "computer program medium" and "computer usable

medium" are used to generally réfer to media such as removable storage device 1418, a
20 hard disk installed in hard disk drive 1412, and signals 1426. These computer program
products are means for providing software to computer system 1402.

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

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

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

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

1402 using removable storage drive 1414, hard drive 1412 or communications interface
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conput er system 1402 and external devices. Exanples of 28¥haP@%t i ons

i nterface 10 1424 can include a nodem a network interface (such as an

Et hernet card), a comunications port, a PCMCI A slot and card, etc.

Sof t varg,3pehgata transferred via communications inferfaca lA24 are in the
formof 'signals 1426 that can be electronic, electronmagnetic, optical or
ot her signals capable of being received by comrunications interface 1424.

Signals 14 i ' ' ' VA nel 15

T35 Chanilt® TRRBMOR cbRvERT I ARG ATS plobbSin ABE okl FoGIREC" 10 r e
or cabl e, 1404aeperfipti thsfunationbofthe Invegion as deedribedl hereinhone | i nk, an RP |ink
and ot her conmuni cati ons cha?lr}géaiv In this docunent, fhe ternms "conputer

progr am medi untinARgthes efpbadiragn gatiopdt)inapiemented pripaily & bedigra |y refer
to nedia syg £y hi. ol 30 AOnahdd il | nstal | ed
in hard di géﬁ%?(?\?e 14ig, aﬁ%%‘%g?sﬁlg%%&%ggne@%%nput%? progr%m products
are neans {ASICe) olthplementatiohtofaneh & dadlomeuttae nmgkihe so hd @2 per@ompihie er pr ogr ans
(al so called conmpute ontrol_ logic) are stored in main neppry 1408 and/ or
Secondary ORGSR SEEEbe ST b SRR RPeEsais A T FACEMAED. i a

communi cati ons mg&%&@&%néoé}@iﬁemsﬂ&i%ﬂw i Ieﬂﬁ:ﬁa{& ,ac&?ﬁﬁﬁﬁiﬁ‘%@t ed,
enabl e 25 conput ér system 1402 to performthe featurés of the present

i nventi on asthdademssedisoftrerei n. I n particular, the conputer prograns, when
execut ed, enable processor 1404 to performthe features of the present

I nvention. Accordingly, such conputer prograns represent controllers of
conpi er s¥sdem ridN WY REFRRAI ment where the invention is inplenmented

usi ng software, the 30 software nay be stored in a conputer program
product and | odbieepenation and mpsuttes! theesenh invedtich willi nogy ealesevibdl, esisg or age dri ve

1414, hard drive 1412 aor conmmuni cations.interface -34 25 April .,2005 WD
021 37425 PERAOBE A BRI SEIHE, A (GEES SHEVERDE S execut od
by pr ocessgnidfd) T4 YRR SpeRfRE B8 B0l ARSERRI biied Wikhizons of the

invention as described herein. I'n another enbodinent, the invention is
i mpl emrent ebbagedi fromx diblyinfoméaia newere A defanliD saoplingqamid ie drawar dhewser conponent s

h | i.cat] i fi I Nt ted ci Lt 5 S| Cs). | I tati
of sl o Besrieeih oL g e foe e St g G Pisompe t CRNRRASRY doscr | bed
herein w | Lis% SRABY. Ste 8 (26863 HOWnIKFIG. E5lark M SfAGud, Rith R MterBdcliés) -

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

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

30 FIG., 16 illustrates how one probe can be used to "cut” another probe to create a
"hole" inaprobe. Aswith FIG. 15, the user has selected not to display the data conta'tined
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In yet another enbodiment, the invention is inplenented>ddirihglds combi nation
of both hardware and software. 10 SYSTEM OPERATI ON AND RESULTS The
operation and results of the present invention will now be described, using
a data yql 40 that contains seisnmc data (dataval [ esenting

sei sm c%é’#gﬁ%% udes). The user specifies the particﬁi’%‘?ﬁ%’ﬁ{?@ c data vol une
to be used, which is loaded fromdisk into main nenory. A default 3D

sanpl i ng pgoRey DR 11818 e PG s Ribid d3B voRbR bReskie oPBe U for
the seism c anp c?%fég@’s@arﬁege d%gr eee of transpar ecncy can aﬁssongtgesel ect ed.
The t hree pctdbesobah @i, licilustraes th tha ppacity bettirga cpndyg indiviiduatiywelectetiby sect i on  of
the probes and the seismc data vql unme texture pped onto the surfaces of
the probes the Uggrdorsiach ?‘F@V?)PIB%e ﬁ’ieé’?@i‘r" Qfﬂbﬁsy-“éﬂwnﬁﬁgt fé‘s pRAIRE PR B2 omet 1y
shown; t he ;QloREEssib Mo BEARSHeh BE Surlb3Rk ¥, trh BiEr th RE: iRHACL s geonet 1y
20 FIG 15152%03583% Fﬁge acti%he probes. qjﬁ%ﬂaser hasr sefleelct eg notsto di spl ay
the data ouoat@dbesit must bdvat ibeaylbyraoether podbendke awriel opague lpebe ésmefenddr of t he
seism c data vql.une _qutside of the active propes. , of the probes shown
h G 1500 4ea PR B R G THEP Pl e O BBt EPORR ueh® Biho pr obes |
di spl ayed. ohi 30 WuB-sBEA Bf the ddbForbRe BeSAl DL prob&R HbdMendl Sk, and

I nterpret geologic features inherent in the Seismc data volunme. For 25
exanpl e, aitgewit uigivte ihddEul6e Howeyer,dbafattahht the camplately traspdrebedumpmhe t wo | i ght
bands, extends .across the face of the larger intersgctin obe and "turns
Uhe comer * SSHITHIFBRRESY Lt dact e opays R e Pt SEubberie or obe

per pgndi cubaf)d OThé im%@leofatﬁé kritdrdeefich HOME @R brobe AN B ek: 4ib% Rrgbes with
each other, and throughout the seismc data volunme, enables a wuser to
better i nt éngsectingyudfaterisictoakthéhedrtagrabeof such a geol ogic feature. 30 FIG

16 illustrat b b Lcut " t .ohe t t
ol o T apr obh R TR iR 1 T ! rab R A Siea B ol t he
data cont apf@ding 3eorsiryARswn. 136 8edHaLe ?dv%ﬂﬂ%@exﬁ&lﬂ%_ﬁ%?ﬁ? deprédd of he

background planes and’in the renmainder of the seismc data vol une outside

of the actrusparpncytse shat the Gser t& sef Fueughahecutar ismfacehel thpprobe gndseew i ngs can be
i ndi yidual ly.sel ected by. .t ser for, eac L e . probe. .One of the probes
showl? | n RO RSy ia e Wyt ke, AFthovRn FRE 16 S RBTE o RENE 1y ough ¢ he
surfaces OfenliddedpaRtiMGSvithinthOIDISHb-seQion @€ he AtE prod thhuthal bied o 2@y BF Probe, it

must be cut away by anot her probe. The outer opaque probe is referred
the cut probe. :

.,

The third volume-rendered probe shown in FIG. 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 mauner to highlight them for the user. The selected points
are shown in FIG. 16 as connecting points. The seed point is illustrated in FIG. 16 by the

darker sphere.
FIG. 17 illustrates one embodiment of a ribbon section 1710 in accord with the
presentinvention. Like the probe, ribbon sections are a 3-D volume visualization method
25 for displaying data along vser-defined fraverses through a 3-D volume data set within 2
probe. The traverses cut through the 3-D volume data set somewhat like a cookie cutter
through dough and therefore are referred to herein as cookie planes such as cookie planes
1712 and 1714, Ribbon sections may display the 3-D data in orientations that do not
necessarily conform to the orientation of the ordinate axis of the 3-D volume data set
30 and/or probe. Ribbon section 1718 is produced by the user in accord with the process
described herein below. The traverses or cookie planes are defined by digitizing control
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to as a "data probe". A second conpletely transparent 284PPREB2" has been
used to cut out a 3D sub-section of the data probe. Because the cut probe
is conpletely transparent, it is not visible in FIG 16. However, the fact
that the Letely transparent cut probe is prese nced by the
fact that (i’?g’}e1 opaque internal surfaces of the data Bl?cofbﬂ?esogﬁf{dg%io vi si bl e.
The inmage of the intersection of the data probe and the cut probe is the

- intersecti P&né'gﬁéh%eoﬂtm ﬁ&ﬂ@kvfﬁoﬂﬂseadaqm RIhRA SaayAe kblbdial ik b BRe Pr obe i s
shown in FIG The third probe is displayed with the bounding geonetry

shown. Theofthe p@b@xe&b:ed tosas the!"pnobe faemlemé'qu us¢r maxcydated: mggm@etcl@f

t ransparen ha u t hr ou t he out surfaces of the
probe and 9?18 ‘%"5&’8@6 i %flgtﬁﬁa %?%egﬁ‘é OB SRFHOR- vel 1%félhown in
FIG 16, tBeutlind nﬂfd@@ﬁa h@aﬁd%éﬁ%on%&ﬁé@é&%ﬁﬁﬂ& tﬁisbéteﬂ%ﬂd&hlfbdt he 3D
sub-section of the data probe has been cut away by the cut probe. The

t hi r & vol une- reﬂ@moemolwpmb@medtnpmd@emu@h@@fmmﬂnﬁs @8t ed points

t hat have heen sel e Ar o ick { 470). The
sel ected 5‘??&%&?231575 ‘E%ﬂ@ﬁgfoﬁ‘éﬁvﬁkﬁ%ﬁ e{rg &?&%ﬁt 7?ﬁem for the
user. The %elcﬁestmia nsbu%@y&m%owaclah@ Théefofe, ﬂl@ﬂlﬂ@@@iﬂ@ﬁsﬁ@ nts. The
seed point is |IIus ed in FIG 16 by the dar ker sphere. Fl 17

i |l ustrat eﬁmraeommabﬁ@dmeeﬁthatmmny@uﬂ# @nklmmgeﬁmayé@@md@cw th the

present inyention r obe, sect ons ar

P eoal 2t BB i els M o o AP E P B SRe S AP RT v er s
thropgh a ao%é/@ieb‘ﬁ@ @Eﬂl&ﬁ:tdﬁéﬂ]b%fﬁ:e?Iaﬁ@&dtﬁE@QtaH{sﬁlﬂﬁdﬁ@ eftéhd t hrough the
3-D volune data set sonewhat |ike a cookie cutter rough dough and

t her ef or e #raa oppfsingrface of thernsobeirefened to @ i Eoprosing Brobetpe Blgnq: Meé pl anes

1712 and 1714, n tations

t hat do no?watﬁg?elg@gpls??&%&% Fm %(%Qi eé %‘?'g'llstgr?? ?Fég%rqg%&ake OOSF ?phate axi s of
the 3-D volngo® detipt ar &6% the Qordddll peifits BS @lethe fMbYORQSE EY100A réal fifhelaid pr oduced by
the user in accord with the process described herein bel ow. The traverses

or/ cooki e pisplardifigyent digs frore ther3D wolume doth sey along thegrookig plapes 1832 japd 2005dv\o
02/ 37422 Pl U 748, 1720,
whi clr%Amay @4 ?f%gf?he ?f?? %ggﬁt‘fré%éggecﬁg% fﬁ@rﬂtﬁé‘g%wlaﬁe?@fred&?%t%e ﬁ?heanprobe

face pl anevglurhb@atd e witthy tHeIRdleStha dnti@NEtidas edttio U710 M Pshersayibscr i bed
above to interface with _an opaque ribbon section. AIternatlvelgl t he
- simultaneously moved to a different position in order to view different data from the 3D

l'I

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. Confrol points may

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

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

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

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

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

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

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

30 of the entire probe, and the like are inserted into system 1810.
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probe can be nade opaque and the ribbon section can be2fdt8il2P&hsparent i f
desired. 5 The control points may be used to produce a plurality of line
- segments such as line segnents 1722, 1724, and 1726, which collectively

are referr 0 as polyline 1728 which is like a polygon but my or may
not be @%@g’ﬂ;z Therefore, the |line segnments may for'?#'g'rlFo%s’é?F or closed
line so that a single or nmultiple cookie planes nay be produced. 1In a

preferred enbodi , {Q %argp sl aVYa..i. €. tshe okif,pl anes, is
projected 10 al odnggﬁ% Ir eé??%%mpe g%%hgiugs%rlLg?u%tdgtaﬁ%plbeﬁigbgeﬁ&&ieﬁ& ane and
the data di GqkieshapaySPKdifibuted tBe dila, @RPEMOpdiASs Qi mold)endddheay ef erred to
as the "opposing probe face plane." After creating a ribbon section, the
user may us¥piopEatEiq kh pelylinemeduly 1826\and spekis plansanedile 1828p Ver sagitag, or grab

t he control [ | . ' . I i ' and

di spl ay di fWEr é’g{la%tg °§%€?“§%h$§%&§ﬁa3’§in3§§&%§@%ﬁ%éﬁ 8%‘?{)6%63 Src\%tl‘léﬁg%]ki e pl anes
1712 and 15polylihé mokinle d826 4nd Passtsathedhitd fortgolidysland ditale 828t i on 1710 to view
different data fromthe 3D volune data set within _the probe, the entire

ri bbon section Pritinemadule L6 mangecs data relatad te aelaings7y8 ms\ibeassesiateddi f f er ent

position i : ' ' gﬁnag?e a set

out si de thgc0 g%%%glgﬁsﬁré}s{dn@gc%%&%{r@ € a Eﬁoéﬁ%ﬁsg?ﬁd S Sim:{%%%c@@'e contr ol
poi nt 1720 Polyljneel7@8 db mairtly glovided Horedsel refalenee dPalylideahedild ¥826sinconpared to
the other 20 control, points to indicate control point 1720.is in an active

state for cfﬁéﬁuﬁfqoé‘ﬁgiﬂkﬂﬁﬁwé%mo%%%ﬁ,m%eéﬁww ‘_E)W“E)PW@P @RSt i ng as
- discygsed fyetRen, BEhaWe sGRM LR olﬂag%n:?%a% %%ve@&%féﬁeﬂf TRhcAle gkt €d after

the initial ribbon section tonstr e ribbon section geonetry and
ori ent at i orpoim,sueh as active catrobmbirft DT20fis freferablwhickiightels TbexontrdlpdintshBaydepi ct s a

R G RGN TN Wit L
Lo g Ay MRS ey, RSB el Sypa0 005
user acti vidpgratbakeovaehiclapointnio irsthe adtive lstatedior keying, rdeletisg, tand othedwies manager
dol eilfon oDt POMBbFRa SR Hep B Rorids 1 50) A IOREOR HGCRB. of ¢ he
oo b oA BRI 0 st 1910, 7 75 o 20ce
suppl i ed byCqkizhdant8Adiule 1828kirevideanamaed gQidvkirgl) which malyefsr intenaddtea, e. g.
control po hr%]gosgrag)ﬂg—’relaggg for ge%ggicgl%lat%;[ {o the surface of the cookie planes such as cookie
planes 1712 and 1714. Cookie state module 1834 monitors the state of the cookie planes
20 so that in the active state one or more cookie planes can be moved or otherwise edited
whereas in the inactive state no changes are made.
During operation of system1810, probe module 1822 may notify cookie manager
1824 that an event has taken place, e.g., a marker deletion, i.e., a control point defetion.
Cookie manager 1824 then notifies polyline module 1826 which deletes the marker or -
25 conirol point and joins up the two surrounding lines into one line and notifies the
| polymarker module to remove the deleted marker from the list of polymarkers maintained
by polymarker module 1832. Cookie manager 1824 and cookie plane module then
convert the two planes into one.
FIG. 19 illustrates one embodiment of the invention for creating a three
30 dimensional surface representative of a physical phenomena described by a 3D volume
data set such as, for example, a geological fauli surface. In fact, this method has been
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appropriate to both polyline nodule 1826 and cookie pl aMenddiPR 1828. For
sone types of data, such as inserting a control point, cookie manager 1824
receives data from 5 polyline nodule 1826 and passes the data to cookie

pl ane n@%%{@,dzaza. Pol yl i ne nodul e 1826 nmanages dat aPé’I%S%élﬁlq o polyline
na t

1728 a e associated control points in conjunction w p% ymar ker
nodul e 1832 and pol ystate nodul e 1830. Polyline 1728 is mainly provided

for visual galRk @z@ﬁ?a%i@ﬁ%pﬁﬁ%@?i%ﬁnﬁe&%@aﬁﬂﬁo&ﬁﬂaﬁﬁ%h@ﬁba%ﬂ dngpol ystate

nodul e 1830 nanages’ t he control points. For 10 instance, in
the acti ve istegragtion of geslogital foltvurfeen Hevavay etheniypuiel etrfades fihethact i ve

control paint, such ctive contraq int 17 I s pr.ef.erabl
i ghi | ght SaYPeFifG 388 P e vh Ll feseabeE v gt 6 B mrabh SLBEF LS  ze 1 or
easi er Vi evihgtio N mERSIS s BILinRE RV AEBveloW, Alphersl AR RMHoasUCh as

hi ghlighting or varied colors, for the control points so that an operator
knows 5whi chs yeed tetdigigizeiconttohpoisis, tsiahes eomirvkpointsy 1902 P8 196cind 1 908plongnd

therwi se 15 edit i | ker.. |l e 1832 al i de t.ext h
Che 1 ocat i dHPRGEAd]C0 Y Fl AR EroT LT e AT OhaOTHh s SIS PRB e pl ane.
modul e 182%@5&%%&&@%1%&%5@@%&?% a ¥icalle mmexfe%udh%mﬁ%teggoki .

li t hography-related for "geol ogi ca to the surface of th
pl anes suc Hauslingo Bkibe facp 1 2das theymovediand Bnew set@f ool prims are digilized 1834

it t t f.th ' I . 20 th ' th ti tat
or hore. codtreeiolp B talteaig feleaas il frtuk A me B SBlAS 1 The "
i nactpve st@de@odidl g‘;}aﬂa GRS bAERIYERRRd oflbved & 1RER AadukAdly 8y 8leefifd0, probe

modul e 1822 may notify cooki e manager 1824 that an event has taken place,
e.g., a markayrbed8lZatiages] ting &ame rtes dispusbedpbover Thislpeackssgan beQopsizied manager

1824 then not.ifies.palyline nmodul e 1826 L.ch del et e e rker or 25
control poi"l’#]j \ ag‘“ilﬁtéfpﬂegﬁ Oﬁéscf%gle U%W%M&Eﬁuﬁé%ﬁ?%%ng% v?c['ne and
notifies the pghydadeeaibodBdi of theOnveiioa\@sclosal WEHIG! BréiEdds @ nefioam t he | i st
of pol ymarkers maintai ned by cEiglymalr ker nmodul e 1832. Cooki e manager 1824

and cooki e ofrapitly enpsimicéing hiwee-dimensinal sutise pubuls Fame withinag-dnelumel G 19
R S R T I X N
Foorc e, et acaen gy sl gt o b e, L
, . the probe face 1910 which may be interactively constructed when visvalizing the data
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 curvesand v-curves 1922, 1924, and 1926, are produced to form a grid. The grid outlines
the three dimensional surface 1912,
For construction of the initial spline curve, such as for instance spline curve 1914,
the user digitizes confrol points, such as control points 1902, 1904, 1906 and 1908 on the
probe face 1910. Markers are produced at these control points and spline curve 1914 is
25 interpolated between the control points 1902, 1904, 1906 and 1908. Control points 1902,
| 1904,1906 and 1908 may be moved within probe face 1910, thereby interpolating anew
spline curve 1914. Once the probe face 1910 is selected, the other probe surfaces are
made transparent for ease of operation. Additionally, the selected probe face 1910 may
be made opaque in order to view surface 1912 through the probe face 1910.

30 The user then moves the probe face to 1910 to another position and selects new

control points, The user may easily move back and forth between previously created
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found to easily and quickly provide 3D vol ume visual i z&®iAil£895 r api d
identification and interpretation of geological fault surfaces. However,

ot her types of surfaces for other types of data could also be quickly
descri use of the nmethod of the present t hough t he
met hodb‘l(iri1 %é@girl bed in nore detail below, in generalﬁwwa #od 5 is used
to digitize control points, such as control points 1902, 1904, 1906, and 1908

along a prgh %lﬂaih rséﬁﬁ‘z}: tir@dg sy ace of
probe face EF%O ]%g(%r#yg% tm¥ perte [Oor 10 Vi sué%rsgcpoca e d(%ofr?tgr ollib[ points on a
structure ofdditiohlisphide ek aescraxtedthp ectueds nfa§1lalsb beisteothRraafieuicktye 1910 i s
then noved, and a new set_of caontrol points are digitized. Surface 1912 is

then inter p‘éﬁeﬁl‘)@@dﬂﬁ%nﬁé‘ﬁﬁh‘irﬁgmﬁm i die ‘E@?mﬁﬁf%ral%{ﬁﬁfeﬁtﬁsea PEREYATEPIHE poi nts. 10
The control fgﬁm Sas4l; oh H%c’fﬁ ely define
t he surfacecup"%HH E% at”’ adrlﬁeig athélﬁ!éofgprg%g@a%t&é as gusg&é above. This
process camtb@lﬁﬁa&mhemesummsdusﬁe&hereabdv&ce interpretation is conplete, at

which tine the surface 1912 can be saved. Thus, one enbodj nent of the
i nvention discl (%%BS%WWQB el@%@%%@“ﬁ“r%%%“d@%ﬂc PSLOBBRISt ructi ng a

t hr ee-di ”E’Fo gd E‘%ﬁﬁ‘%&dﬁ)ﬁ*%%‘éwﬁgﬁé‘. E%{;sttgee%sﬂg sﬂﬁf‘e culve data set.

In a preferre ove, are used. The
met hod i nvawies sphnes:tmac‘tﬂclng&lboﬂ:ﬂrsp}mbnmye ehchapiplinecurvas 184, 1%8cindas spl i ne

curve 1914 gn the probe f 910 whi ch y.be int ractlvely construct ed
when vi sual} ZP#@% eefalieaw ) %‘&%?Pﬁ bél%ft!@erﬁ & et ur ve 1914
s inperpol 1984 Aok P90 a6 BR1AG shi SO THENmdagP! | ne
curves 191 191 6&%rec ?gr?tﬂerp&ﬁ gt eé“he Fﬁﬁe 20 curves and v-curves
1922, 1924, et s‘nﬂﬁ&:Iﬁizeemmmdhhcwndunléssnhmusgwmmesm@rgvaﬂc@iﬂlumes t he
three di mensi onal _surface 191 For con % on of | n|t|al spline
curve, sucHngEer Blng creveuehuasIPg and neope fjtne samg ‘?5 @FEP%Fhfes contr ol

poi nts, SU%&@&l@ﬂ%MenﬂﬁhM&t%ﬁQ&&%%zéﬁgoﬁﬁ (geﬁ)gaog fHar obe face

1910. Markers are produced at these contro |ne curve 1914 is
25 i nt er polmibeshlinetweelPlBhe control points 1902, 1904, 1906 and 1908. Control
poi n

oi nts 1902 6 .and 1908 ved w thl n._.probe f 910,
therégy |nterpolAgﬁﬁt‘ﬂ5£§m’é‘$\F“r§?§F’}aﬁga %@‘F@, @?Mm@géghéqfr‘srvsf» § ce 1910 is
sel ect ed, tﬂ/}ﬁ} rﬁ@ﬁec%xyﬁ;s«aaf& ofidSnte 1@%@ 1998 PR3 G bfy%le&%ge of

diti onal 0 e

operation Iy, the sel ected pr ace 19 de opaque
in order t comtrdpoimtsrohdiseprdl@ et sucloasgpontrd] @ojntsdBe2, ﬂﬂ&;elﬂ%md 1908, Hee user then

noves the probe face to 1910 t not h i.0 and ) new control
poi nts. Th&SHJBEY FESeREYS ¢ Hﬂ\% éﬁféﬁ%}o‘fﬂﬁég E’ﬁ g?”@ &Hgl y created
-39 intersection is selected, the user may move the respective control pomts within the probe

20 face 1910 that will be displayed as indicated in FIG. 19, and surface 1912 with its spline

curves and v-curves will follow interactively. The spline curves and the v-curves may

. or may not be displayed dependingon preference of the user. Preferably, only one probe
- face 1910 is displayed at a time for clarity,
FIG. 20 discloses modular system 2000 which describes the sofiware for
25 performing the finctions as described in connection with FIG. 19. In one embodiment,
modular system 2000 incorporates many of the same modules as used in modular system
1810 for producing a ribbon section. Thus, the design may permit amore general control
that may effectively perform both ribbon section functions as well as surface mapping
functions. For instance, cookie module 2018, polymarker module 2012, and polyline
30 module 2014 may be used in the manner discussed above relating to producing ribbon

sections. Likewise, probe module 2010 therefore again performs the functions as
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25 April 2005 WD 02/ 37422 PCT/ US00/ 29835 spline curves 28yAmdi280%i ng gri d
i ntersections such as intersection 1928 or 1930. As additional spline
curves are created, the v-curves may al so be snoothly and quickly

i nter pakatsshssksi Nng anot her al gorithm The user pref el_;(al?ﬂ, gates a
plurality of spline curves in the same manner, and in erpofgatl on’ of

surface 1912 is imedi ately displayed 5 at real time frane rates as

- discussed NabRaRRARA s1dhs BRA d@ﬁu@tsﬁacﬁ;%sgm&@@c@gq M91QRAIQr NMoT e

control poi'nts, Such as co ol ~ points 1 1904 1 06 and 1908 to adj ust
the positi cmlll(alsobemi)se;re@bebesuuéarmjhepréylmas&wusssdlhﬂnemfm'plﬂrmmm 1914. Al

ot her spli urv suc e curves. 1 d 1920 renain the
sane wh | o 200f g et S B FysSoti B RAKE BRI S BR vEHUS BB ent | 10
spline curvg,dhRiActi bilfe MRRR J036 Se1k&1H &H@Lﬁfﬁﬁéﬁdﬁg Sithé Bl V@ 1920.

The remni nder of the surface 1912 renmins e sane un ess the user noves
t he pbove fsaxf@emm@mfemmtvhassqnﬂaceriéluhowensﬁl&hlﬁaﬁubﬁzﬁlnmnnbdpleoceeds to

edit the s t here resh t surfa 2 t he current
spline cur \alzg’fﬁggﬁ‘ B’ﬁxzf ?ﬁ%&@%éﬂ@ B %8éﬂ’6‘?‘? 5y PEEIRO9T i ne curve
1918. 15 ACMMh@%cﬁ&ﬁ'thﬂ%recdi&é&@ﬁﬁ&i’th_@&ﬁ&ﬁ&ﬂlyQﬁér%ﬁ@nﬁﬁfdn%tebtf&ssm i ne
curves if desired. By selecting grid intersections such as - grid

i nt er sect i dipkinel Gadager 202038 rfonns Hpunkdr of witfegent denstions| sugp an tisating ¢the pr obe

face, such .cont oI oints 1 4, 1096 and.1908,.the

i ok y o VB ERE G rARE MO G RR T PUPE RSB SRS Sefee o g i o
intengecti Q@ weB ass@h@ﬁﬁ@muetm&nuﬁse ermétaﬁ&vgﬂ&Q rahBIPERN YA (B4 Udg0l poi nt's
within the probe 20 face 1910 that will be 'di spl ayed as indicated in FIG

19, and suriety eu_gmcwtniburetﬁe sqghaiding atitibnieesuchasl calomsyshowingvthe grid,ol | ow

i nt ti | dt . t b
Idinsglr:;ehv%é%]éeﬁﬂ?q ﬂ'ﬂ%? %g%%‘fm{)ﬂg %ggﬁeepﬁﬁ@@gﬁ%lm@éﬁf‘@goneeprobe
face 1910 ixgerdiraoM @mh;e%@cuvaﬁm&% m%eaerdhﬁ:gor &béang SedhdRdepsemiodul ar

system 2000 whi ch descr the software for 5 perform ng the functions
as descri b@achangeesmdemth@wlw wTVfFSl @plmuﬁamnmdeleéﬂ%wmrthe chang@ul ar system
| es as used in nodular system 1810

2000 ncorp na of the
for ;5 odu0| g %@ﬁ%ﬁcgﬂ gcec{i'?ﬁg Xesi gn nmay permt a nore general

control that y&frl?etﬁé YRl aR@ ke@io dTOME pidsl GfiveBS, demogidtg%idons as wel |
as surface mappin unctions. For instance, cookie nodul e 2018, pol ymarker

nodul e 201 zeorémmﬁacsw 1jiere q@ddmudﬂceurzwmme lpad inteenteti 3D sehvmiodatmer
GISCUSS ed allﬁlov gal’pﬁfl & u'cesqS]S Seifiil c;')l%o(jclecrt] %ycle E)me,q)oosts 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 15m1'ted by
25 any of the above-described exemplary embodiments, and should be defined in accordance

with the spirit of the invention including the following claims and their eqﬁivalents.
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sections. Likewi se, probe nodule 2010 therefore agai n per¥RHAR03 he
functions as -40 25 April 2005 WO 02/37422 PCT/ US00/ 29835 previ ously noted
such as providing initial sketching splines such as spline 1914, which
will also be observed to be simlar to the polylines discussed

her ei nbefore. Probe nodule 2010 supplies user activity data such as nouse
clicks and keystrokes to the var|0u§ oth nodul es. Cubi c spline nodul e
2016 relates to controlling functio LAY the editable 5 surface or mappi ng
feature such as surface 1912 shown in FIG 19. Cubic spline nodule 2016,
spl i ne manager nodul e 2020, spline curve nodul e 2022, and spline surface
nmodul e 2024 are functions that are different fronlthose used only in
creating ribboh sedtmeflad fordphgingea Hegealiroensia0 Glapewfumenmidithresnber  of

di fferent surface changi ng node
functi ons iro%&éa?‘i%tv?ﬁ%@a ur#‘g hl’lrp &Ioelgshegeba %F?Iﬁ%rg i%keﬁs well as read
and Vr i tedimnwmab}osamﬁ@ndammmdcmphbmmgr@@emﬁma@ysﬂapad and wite
to a surf%ﬁ&m% eeihod'cloe regarding attributes such as col ors, show ng
the grid, PApog COMEBREL e | i ke. Spline curve nodul e 2022 keeps
track of the spl i neremturgvae%ast oheﬁm—cﬁlﬁ@élkna@fsmﬁ‘ﬁling rébB) WRRILIVE My be in
the editing or ﬁjl%% tatﬁn keeps track changes made to the
spline cur ves. 7Sy a5a léﬂlf(fﬂcé.‘éﬁgf%waqﬁéfﬂﬂath%s 15 made for

i nt er pol ati ng mﬂn@sroaauatavmmmf@s@me@me%m Sithe BobdMhvibbSprstkst em and et hod
of Eae present_invention, geologists and geo h Sicists can nore quickly
and “dccur at el fa‘i?ll%%ﬂ"?ezféceé’ ?"H%PH?P@%E meyedaese granoppraingprobettages shar pl y
reduces 3D seiggbc project cycle tine, boosts production from existing
fields, and finds nore reserves. 20 CONCLUSI ON While various enbodi nents
of the present i nvEiRticHs plality ebrongelspoiithinckanltypete, fajetplamhoaldd be under st ood
that they haveyh ?%: E4RIP not limtation.
Thus, the bregpdtﬁfﬁﬂ0 scoB(g t Elg%r(gfg]ent |n4\’/nesn g}rg)bg dlim(? not be limted
- by 25 any ofthe amlémé@snbhome@ﬁe!x&nlplsaﬂyprebtbﬁ@h pimrettswararsdldshoul d be
defijged in ac h f. the .nventi.on cl udi ng the

R RGPt bk P Rl b o s 5t e i

foll ow ng clai equi va
one or more lines; and

selectively imaging datawords representative of said physical phenomena

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

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

changing a location of one or more of said plurality of control points.
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1. A nethod for imaging a three-dinensional data vol ume®’ ARlEPhr ee-

di mensi onal data vol une conprising apluralityof voxels, each voxel
~conprising athree 5 dinensional |ocation and a dataword, said dataword
bei ng representative of a physical phenonena, said nmethod conpri sing;
creating at |east one three-di nensional sanpling probe, wherein said

t hr ee-di nensi onal - sanpling probe is the sane size or a subset of said
three- dinensional data volume, said three-dinmensional sanpling probe
havi ng a prob& 10 Theoeethad of Chiiro Bewhaeie spidl stap obetiting futiepamiprigespr obe face in
an opposi ng probe %ﬁ%F glane;tgﬁpﬁucin a plurality of control points in
‘said probe face pl £ ORGQIINOTY FORTR} §ALgSS Fprsatd pirplgy obeaniielpoldst i ni ng one or
nore |lines on said probe face plane; extending a ribbon section fromsaid
probe face plane toward said 15 opposi ng probe face plane, one edge of said
ri bbon secti of. bei Hig methoded Clajm 4 awhereio sed tbbaseetioniisyespendiodarge| ecti vel y

i magi ng q%hgr Eg%erggéesentative of said physical phenonena at

t hr ee- di fens1 onal ations which intersect said ribbon section and said

t hree- di nensional sanpling probe. 20 2. The method of Caim1l, further
conprising: editing said plurality of control points in said probe face

pl ane to theréby desthod of S3alig 1oyybereip spig ridbon seetion extegdsefkerapadiing anot her

redefi ne%&%?&ggplaﬁgﬁtsﬁgg JS@_E]P%]% ﬁg[’ﬁ%’e face plane 25 toward said

opposi ng pro ace plane. e d of daim2, wherein said step of
edil®i ng further conprises: deleting one or nore of said plurality of
control points. 3Q.4. The hod_of Claim?2, wherein said step of editing
further conpr?ses: he(,‘ﬁeél%‘i%g&ém} bowereip sgifl Q9aor groredipes @mpEs @ plural ity of
control  pRiMiPof s&mighlinkd. 2005 5. The method of Caim2, wherein said step
of editing further conprises: adding one or nore control points to said
plurality of control points. 5 6. The nethod of Claim1l, wherein said

ibbon section 1 el RRRSLAYNAI, Rercid o oPRSre ASToh £titsed lne.
15
10. . The method of Claim 1, wherein said ribbon section is comprised of a
plurality of planes.

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

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

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

30 control points defining one or more lines on said plane;
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7. The nmethod of Claim 1, wherein said ribbon section &A% om said
probe face plane to said opposing probe face plane. 10 8. The nethod of
Claim 1, wherein said one or nore lines conprise a plurality of straight
lines. 9. The nethod of Caim1, wherein said one ornore lines forma
closed line. 15 10. . The nethod of Caim1, wherein said ribbon section is
conprised of a plurality of planes. 11. The nethod of Claim1, wherein
'said three-di nensi?fﬁegplnglﬁo‘%@"ﬁégcnﬁn feoap W%P&P?’t%‘e Gfgestiowid Hphos

per pendi cul ar sécfoPBdith Bty sAE Sndbdie 1R gha' | bbon section bei ng
unparallel with respect to éach of said plurality of side faces. 12. A
program st or age desglegievele frokgingesddy datawanhi wmpieseatativd i sgidaphysiogr am  of

i nstructions executabh by,. machi t.o Jformneth steps for, imaging a
Lhree 25 i meRtone e SR PekRal Phr D R e on 80, of e
conpri sing a pidithedelditer®fonal\d@mebmmecach voxel conprising a
t hree-di nensional |ocation and a dataword, said dataword being
representative of a physical phenonena, said method conprising; displaying
a plane withinssai - @i [ .vol une; producing a plurality
- of control po?3n'ts ﬁlr? sﬁ%%,ﬁb’ﬁﬁ%‘”gﬁ‘é aﬁullgfy of 30 control points
-~ defining one or nomiingissieé plunditysal anblantits @Faibplank t2@EBbEsiamEi Ng a ri bbon
section fromsajd plane, one edge of said ribbon section being fornmed by
sai d one or nifEOREoRBOre lingy ag‘gl ectively inmging said datawords '
reppesentative of i 1 . ree- g I | | ocations
whi ch i ntersect saﬁi%hgtingg%{)(?\hégZ%:%BF%QE%QEg%tlggﬁéﬁts%@epg%ngﬁér}@r{g%nal dat a
vol unme. 10 13¢ppPsing plenehod of Cl aim 12, further conprising: editing said
plurality of control points in said plane to thereby redefine said one or
nore |ines, and extendi ng another redefined ribbon section fromsaid pl ane

‘toward an oppASi Meplcide of Claim 13, wherein said step of editing further comprises:

deleting one or more of said plurality of control points.

15
15.  The method of Claim 13, wherein said step of editing further comprises:
changing a location of one or more of said plurality of control points.
16.  The method of Claim 13, wherein said step of editing further comprises:
20 adding one or more control points to said plurality of control points.
17. The method of Claim 12, wherein said ribbon section is perpendicular to
said plane.
25 18.  The method of Claim 12, wherein said ribbon section extends from said
plane to an opposing plane.
19.  The method of Claim 12, wherein said one or more lines comprise a
plurality of straight lines. '
30
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14. The method of O aim 13, wherein said step of editi g AWH2AY conpri ses:
del eting one or nore of said plurality of control points. 15 15. The net hod
of Claim13, wherein said step of editing further conprises: changing a

| ocati on of one or nore of said plurality of control points. 16. The nethod
of Caim13, wherein said step of editing further conprises: 20 adding one
or nore control points to said plurality of control points. 17. The nethod
of Caimi12, WRereihe wathed of Glaignls sberkinrsaidonp er porsdineudorm atlosedsai d pl ane.

25 18. Thﬁmpethod of Claim 12, wherein said ribbon section extends from
said plane to an opposing plane. 19. The nmethod of C aim 12, wherein said
one or nore lines conprise a plurality of straight lines. 30 25 April 2005
20. The nmethod of Claim 12, wherein said one or nore |lines forma closed
21. The net hodlof Ehamahedof Giniar 12 wherain gaid ribbearseeiiands enmurisedefipr i sed of a

5 phprallﬁmmggoph%%gg 22. The nethod of Caim 12, wherein said plane is a
probe face plane o t hr ee- di nensi onal probe mhich has a plurality of
side faces perpendlcular to said probe face plane, said ribbon section

being oriente no allel to . east one of 10 sai d
plurality of de ?Eec’@%ém‘i%f %ﬂggi yherein Sﬁ’étﬂi"lf‘ﬁ i Hpropefags plgnept a
t hr ee- di Wdﬁﬁ@kmﬂé?%b&%&%as Sttty bf §&s faé*Hs ?Erg%im&!r tFBdFrotl ume

conpri si %a plurality of voxels, each voxel rising a t ree
di mensi o 3Hiwmﬁdiﬂbbanéecaommmteds@mqmwmm]sasngne qf05| tioning a

facg of a.pr (i’tﬂglmg&f‘sad fecegt position w thin said three- dinmensional data

vol une; £°Or et of control points on said face of said probe
for tracking a physical phenonena described by said three-di nensional data
vol une, said Egrst '

A method 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,y said method comprising:

15 positioning a face of a probe at a first position within said three-

dimensional data volume;

forming a first set of control points on said face of said probe for tracking
aphysical phenomena described by said three-dimensional data volume, said first
set of control points defining a first spline curve;

20 moving said face of said probe to a second position within said three-

dimensional volume;

forming a second set of control points on said face of said probe for
tracking said physical phenonﬂena, said second set of control points defining a
second spline curve; and _

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

to define a three-dimensional surface representative of said physical phenomena.
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set of control points defining a first spline curve; nﬁ?ﬂﬂ@ﬂggpﬁ face of
said probe to a second position within said three- dinensional vol une;
form ng a second set of control points on said face of said probe for
tracki ng said physical phenonena, said second set of control points
defining a second spline curve; and interpol ating between said first spline

curve and sal thgsec | i a three-di nensional surface
hssecaipd géglh& BPCJ%#E %ﬁ furtr &%ﬂx@%g. !

representative of sal ysi c enonena. April 2005 5 24. The net hod
of C aim 23, furt hdisplpnpthesiuriare refirsphtayvend shid hgdival plegomafl esent ati ve of
sai d physi cal enanena,, sai.ﬂ surface intersecting said first. set of
control  poi nt SUSAGE WIgseFtiag siggt of gpntgql Reipts and a1 seeopd setmf confel net hod of

- Claim 23, furtfgfis.conprising: interpolating between said first set of
control points to define said first spline curve and interpolating between
sai & second set of control points to define said second spline curve, at

| east one of idtirst.spline c e.and said second spline curve 10 being
curvilinear. 15 20 %metpﬂ‘goﬁgf%%{\é‘fﬂaW%Zg' further conprising: moving
said face of said prepslatng bR 5Ad RS idi bPBontiol fHifts &Alcfnd M6 di Mensi onal

volume; forming a third set of control points on said face of said probe
for trackibHge cys apdipfopplaing herwess srif sccondised of enntral pointts ofdefimngaidl poi nt s

defi ni ng ol leN$ leaSinY & ﬁpﬂ i N3 iy N etween said first spline
" curve, sa.éﬁ‘;se‘“’@%hﬁ s.ﬁr?%rlfe c&ggfes, anéis%}sﬂg({‘g‘%ﬁ%fiag%gﬁc??ﬁw t P& or enl argi ng
sai ¥ sur fimdm coiilinedhe nmet hod of C aim 23, further conprising: editing at
| east one of said first set of control points and said second set of

control points.
26.  The method of Claim 23, further comprising:

moving said face of said probe to a third position within said three-
dimensional volufne;

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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25 28. The nmethod of C aim 23, further conprising: for rﬁsn@p‘ial%?parality of
v-curves which interconnect between respective control points at said
first position of said probe and said second position of said probe. 25
April 2005 10 15 20 25 29. The nethod of C aim 28, further conprising:

di spl ayi ng said spline curves and said v-curves, said spline curves and
said v-curves_fornjin rid representative of said physical phenonena,
~said grid ha#‘ngr&ihegi]%]i‘ qfh“%fzsimf@r@%ﬁl%ﬁﬂé bet ween sai d spline curves
and sai d v-curves. gidfayint"Qid BhRAGhrRE afd Sid% f L CRVRT g1 no:

sel ecting one of saﬁgayg} ur aIrEPty of Inter sec_fz’l?rg?lsé,kgl%%@ﬁ?mvi ngdngai d

-~ intersection sadv-havesfyroen agrdadpesgrtative oBhid phpdcabplichadenaf saldlgeidm 29, furt her

conprising: seglecti ne.of said plurality of intersections to thereby
reposition sa ﬂ’m%@@%aﬁ%ofﬂ&?eﬁ?%gﬁwe%ﬂ& PSP YL AN 54 VEIVesSThe et hod of
Clafm 29, further conprising: selecting one of said first set of control

points and said second set of control points to thereby reposition said
face to pass #hr oubis metwdef Claim @9 ffirtker comprisingg control points and said

second set of cont . noj Nt .oThe met hod of. G aim23,. further
conprising: form n%ﬁgu%h??ed%fsgggo?lu@gtﬁt ?tfnlmqf)rﬁeic P ﬁyﬂqvﬁlﬁg‘ &¢e of said
probe at sai dinfergeston tpdrtcby edit saiadrid, t hi rd set of control points defining a
third spline curve; formng a fourth set of control points on said face of
said probe at said second position, said fourth set of control points
defigning a fogyth |d BN | Lating between said third spline
c_u]:u:’/e and sai %Ill foﬁ?ﬁieg%flﬁge cu%%ggrﬂ{teggtgﬁe@ﬁ#g’ anot her three-di mensi onal
surface represent atledingohe affsaidiphraliih ySinteakctionh mrtbaresyaesbesion khed by said

t hr ee-di msnsitonatl data vol une, said three-
ace to pass through said intersection.

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

of control points and said second set of control poinis.

33.  The method of Claim 23, further comprising:
20 forming a third set of control points on said face of said probe at said first
position, said third set of control points defining a third spline curve;
forming a fourth set of control points on said face of said probe at said
second position, said fourth set of control points defining a fourth spline curve;
and
25 | interpolating between said third spline cm-'ve and said fourth spline curve
' to define another three-dimensional surface representative of another physical
phenomena described by said three-dimensional data volume, said three-
dimensional surface and said another three-dimensional surface being defined
substantially at the same time.
30
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di mensi onal surface and sai d another three-di nensional SdMHHE0Pei ng
defined substantially at the same tinme. 30 25 April 2005 34. A program
storage devi ce readabl e by a nmachi ne, enbodying a program of instructions
execut abl e by nmachine to performnmethod steps for inmaging a three-

di rensi onal data vol une, said three-di nensional data volume conprising a

plurality of 340xel rogaﬁlgtowgé@éwd‘e%m&bmm@chm%rﬁﬁod& fiERAplogaal | ocation
and a dataword, said nethod conprising: 10 15 positioning a plane at a

pl ur al i t yolomstpickiens %%Fabled?Ys!nwhtﬂhlt%P@'&rm mﬁh@estenslfqenwgmgaﬂ thnta{ a vol une;

f I I
pg;lmt Pgngdﬁgh%ﬁga%‘ﬁw eacﬁ‘n&%trﬁtgeéld%;mg?)g%fdm@gﬁlﬁ'}”ﬁo‘gﬁ” e Zmrael at ed

spline cuvosels, @&dvoxelmbmpximhigaimre@dibﬁhm&ﬁmo@@i@ﬂa@lfacﬁﬁwdrd?ﬁhdIﬁﬁh&iurVeS to form
a surface representative of a physical phenonena described by said

t hr e- di nEH¥8HE data volume. 35. The net hod of CI aim 34, further

conpri sing: displ agb%ce .aﬁlfl Jt%‘iﬁ’urhﬁg Fﬁﬁﬁg?&iﬂ% %asl %tﬁr si cal

phenonena, said ersect’l ng sal control points.
36. The net hocﬂiménsﬁhdldma:'&dlum’eurt her conpri si ng i nt er poI ating between each
of said set of con%rol |2%s to define said 20 related spline curves, at

| east one of said [EPHEAIEPPIHE! RO EaBef soif RIvrAlty of Plangposions The net hod

of O aim 34, fusthak L%Qiﬂ'%&&étﬂﬂc 8ot B if control
points. 25 38. The r%t hod of C e;nm 4(1), fur1 %grra%tgg%él@g?%§%grm ng a

pl dal ity of v- cur inéespoMiing betweer reeein n sdid Isplinscmmves o femt avsarfaont rol  poi nt's
at said plur aI exﬂIitxv% oﬁn&ygﬁa ﬁén%gxenadzescn'ﬁ‘gc{ ysmg%ge%—&ruen51onﬂ data

volume,

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

surface intersecting each of said set of control points.

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

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

37.  The method of Claim 34, further comprising:

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

forming a plurality of v-curves which interconnect between respective

control points at said plurality of plane positions.
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25 39. The method of O aim38, further conprising: di spPAPHFid spline
curves and said v-curves to forma grid representative of said physical
phenonena, said grid having a plurality of intersections between said
spline curves and said v-curves. 40. The nethod of Caim 39, further
conprising: selecting one of said plurality of intersections, and noving
sai d interseggi on.to t@@{%ﬁ%ﬁ%%t ?tgi d gri.d. 41. The nmethod of C aim 39,
further conpri’$i ng: "SBF 8% » [YPhes SPUPHIRE al i ty of intersections to
thereby repositi ondiﬁgﬁqilsﬁmespﬁﬁb RASSs tag&%vgﬁ}‘gsitgttg?ﬁeapt'-gn. 42. The
met hod of Caim 39, further conprising: selecting one of said sets of
control poi nt geprasentiive cifysadepysical i phanageeng. plidigad bavinpasdutlityedigh sai d one
of said sets |, points...43. The t hod of Claim 34, further
conpri si ng: fggrt?ﬁge%g&gsﬁjg e%’?‘smsdzstphlbefcu&v&ﬁ?ﬁ’dg?m 6FHYS- 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
sai d anot her 4Pl i nEheanpthedof Claim 3P fnrhascoraprisingyr f ace representati ve of
anot her physical p el -y i hree- di mensi gnal data

vol une, said surfa%geegﬁggea?’g%glﬁ ﬁlgjrlg'safillgg%&ggﬁlshgangd?%% S%‘@bst antially
at the sane t int@section td%hereby edit said grid. ‘

10. 41.  The method of Claim 39, further comprising:

selecting one of said plurality of intersections to thereby reposition said

plane to pass through said intersection.

42.  The method of Claim 39, further comprising:

- 15 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
20 positions, such that each of said another set of conirol points defines another
related spline curve; and
interpolating between each of said another spline curves to form another
surface representative of another physical phenomena described by said three-
dimensional data volume, said surface and said another surface being formed

25 substantially at the same time.

-49 .




