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The present invention relates generally to imaging of threexdjyengponal
("3D'") 10 volunme data sets. More particularly, the present invention

epresont ing events w i ANOBLAGkSA el oo BIMRENERIRARNERY LI, .

endeavor require the analysis and i magi ng of 3D volune data sets. 15 For
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scannebublifredi Rl  devi ce generates a 3D vol une data set that needs to be

i mged orA"éprR ¥ g hat nedi cal personnel can anal yze the i mge and
forma diagnosis. 20 Three-di nensional volune data sets are also used in
various fields of endeavor relating to the earth sciences. Seismc
sounding is one nethod for exploring the subsurface geology ofthe earth.
An under ground expl osion or earthquake excites seismc waves, simlar to

| ow frequency sound waves, that travel below the surface of earth and are
detected by sei snographs. The sei snographs record the tine of arrival of
the seismc 25 waves, both direct and reflected waves. Know ng the tinme and
pl ace of the explosion or earthquake, the tinme of travel of the waves
through 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 30 exanple, a pneunmatic device that works like a
bal | oon burst. The sounds bounce offrock |ayers below 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 22 June 2005 WD 02/061463 PCT/ US01/ 03227 that include a reflection or
sei sm c anplitude dataval ue at specified (x, y, z) locations wthin a
geogr aphi ¢ space. A 3D volune data set is nmade up of "voxels" or vol une

el enents having x, vy, z
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coordi nates. Each voxel has a nuneric data value for some meagmeedoor

cal cul ated 5 physical property, at a given |location. A data value may, for
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"events", 10 information fromdifferent 3D vol une data sets nust be '
interpreted and then used to analyze different events. One conventi onal
met hod- & di spl ayi ng nul ti pl BAGBRGROUNDOFTREINSENHONE]UI res that the voxels
be resealed in order that the data val ues fromeach 3D volune data set fit
wi thin the 256 data val ue range for color display which causes a reduction

in accuracyF%:'i ﬁfi'fllﬂn% jgN ume data set. Another conventional nethod
di spl ays eac gBIFvo une Egta set, however, controls the visual display of
each 3D vol une dEheapresent myentihnrslatesgenemby tpimagingyof three-alimensiomal €30) t t en

by Jack lLees, in March 99, puhblished in The Leadi Edge, entitled
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conbined in a si I'splay. e y resol ution was signi

reduced, thereby limting the ability to accurately interpret certain
events. Cogﬁgquentl there is a need in the art for a systemand nethod to
visual i ze LAW%%?e 3D vol une data sets with inproved accuracy and

resol uti on. Thos : ' =ials Hmﬂ%ﬂemc nd
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visualizing and I nter I ng nmultiple 3D vol une

‘volume data set that needs to be imaged or displayed so that medical personnel can
analyze the image and form a diagnosis.

20 Three-dimensional volume data sets are also used in various fields of endeavor
relating to the earth sciences. Seismic sounding is one method for exploring the
subsurface geology of the earth. Anunderground explosion or earthquake excites seismic
waves, similar to low frequency sound waves, that travel below the surface of earth and
are detected by seismographs. The seismographs record the time of arrival of the seismic

25  waves, both direct and reflected waves. Knowing the time and place of the explosion or
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
underwater hydrophones. Low frequency (e.g., 50 Hz) sound waves are generated by, for

30 example, apneumatic device that works like a balloon burst. The sounds bounce offrock
layers below the sea floor and are picked up by the hydrophones. In this manner,
subsurface sedimentary structures that trap oil, such as faults, folds, and domes, are

“mapped” by the reflected waves. The data is processed to produce 3D volume data sets
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data sets in a single conbined 3D volune data set. It is anﬁp%r aggect of
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anot her enbodi nent of the present invention to provide an Thproved system
and net & 02861463 sual i zing and interpreting a single 3D PETHRBI/EPAR7Ta set in
a single enhanced 3D volune data set. It is still another object of another
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related to an event fromnore than two 3D volume data sets. Yet another
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appended camly¥e diffdredteients, the present invention provides a nethod for
i magi ng one or npre 3D volunme data sets for purposes of nore accurately
and efficient!|y Snetopypritprahmethpdelfsdisplavingsanliiple 5@@1@@@5@@&@@@@@&%. Each
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within the 256 data value range for color display which causes a reduction in accuracy

15  ofeach 3D volume data set. Another conventional method displays each 3D volume data
set, however, controls the visual display of each 3D volume data set by adjusting
- transparency.

Inanarticle written by Jack Lees, in March 1999, published in The Leading Edge,
entitled “Constructing Faults from Seed Picks by Voxel Tracking,” two 3D volume data
20 sets, each using only 128 data values of a 256-data value range, are combined in a single
display. The display resolution was significantly reduced, thereby limiting the ability to

accurately interpret certain events.
Consequently, there is a need in the art for a system and method to visualize one
or more 3D volume data sets with improved accuracy and resolution. Those skilled in
25  theart have therefore long sought and will greatly appreciate the present invention which
addresses these and other problems. For purposes of describing the present invention, the

terms “image” and “visualize” may be interchangeably used.




22 June 2005 respective 3D volune data set. The nethod con‘?i eiﬁ'dlsti pl e
3D volune data sets by selecting a first 3D volune data set representing a
first attribute, selecting a second 3D volune data set representing a

- second attribute, and conparing each of the data values in at |east one of
the first 3D volune data set and the second 3D volune data set wth a

presel ect eduafiareloE T E¢VERGTOMNCh data value where the criteria are
met, the nethod further conprises inserting a first selected data val ue at

a position corrEdgdheiefoge, wintdbjdet of re embsdiawhi vPthd girasentainuention 1d peovadd put 3D
vol unme data set. For each data val ue where the criteria are not net, the
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and the second .selected data val ue rrag be related to the second attribute.
The seed pitR3¥n ?E‘ﬁ’é‘?lﬁflﬁééﬁwﬁe&?@oﬁe t a selected data val ue using the
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are preferably use ying or ing ra va ues

connect ed provideanie@ebved ekstha \and ehetvd SeviBulibing iafid indrp@ak@ondrifore ST he
respective seed pick. Thus, the present |nvent| on may conprise a program

st or age d@lﬂm@dat@a@amﬂeg pass FneHime data sticesled acressiP56 gomts, wheteinsseleaict i ons
execut abl e |ne to uI ma mage th qQut dat a

set . Accor%ﬂ ‘éathf%fF?Hé SHEOT Mefe ]hé’ob%%‘é‘ﬁ?s edﬂsegﬂtlué‘}tgﬂi“éb%gsp ded a
program s @ﬁiﬂ% gr am of
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an out put 3D voAta@vaieige ogeie,prédeﬁt in3éxtionlivimprdaétresaliitiomnef setbicted eftemb.ural i ty
of voxels, each voxel defined by a 3D coordinate and a data val ue, the
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sel ect abl egatgtded eria for conparing with data values of one or nore of said
pl urali ty of spatially
. Yet another advantage of the present invention is the ability to display data

values from multiple 3D volume data sets at the same time.

Yet another advantage of the present invention is greater accuracy than
transparency displays.

Yet another advantage of the present invention is the ability to focus on key
events in lower quality data value ranges.

Yet another advantage of the present invention is the reduction in interpretation
cycle time.

These and other objects, features, and advantages of the present invention will
become apparent from the drawings, the descriptions given herein, and the appended
claims.

Therefore, the present invention provides a method for imaging one or more 3D
volume data sets for purposes of more accurately and efficiently analyzing and
mterpreting different selected events. Each 3D volume data set comprises a plurality of

voxels wherein each voxel comprises a data value positioned at a 3D location in a
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coinci dent data sets; inserting a first preselected data vahyg, alrds
coordinate corresponding with said respective data value in sai c12 out put 3D
vol ume data set when 4 22 June 2005 said data value neets said one or
nore selectable criteria; and displaying at | east one section of said

out put 3D vol une data set. According to another aspect of the present

| nventi on, rekhRfife BB Wi 4RH s&. TRE Bthod @il RhAWHRS IR RolaRRAREL I Vol ume
data set related to one of a plurality of attributes wusing a 3D vol'une
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| east a settiiflimargmotaict themethed durder gemprigss dzsering gt secongk defeicted igtasealus

disnl ay for | ) . | o j )
bl 2y 1 of 4 ASRioh RefoRgRE il lp@a3F 5N BB D bR,
seed pick swhiTie Methed alispitit at Iekstiend 8@ibh Glthd eupal SDSRAEMOIdalk @atPheval ue

at which said seed pick is positioned for autonmatically determ ning an

extent of Wethed ayayninclude sdeciing g data xplue herinsestingca sestd piple inp fhesdiplay dtent i on,
there is pr. hg.ﬁ : . for ndering a conbo vol une derived froma
pl urali typvc}%w goaﬁgﬁé%g$1gg§gte§§n?. conprising: selecting a base 3D vol une

data set, said DaskrsBélactddidia delhentstbe relafadrtb SheGrsv Mtcthie ARY theGedondD
coordi nate and a base dataword, said base dataword being related to a

first attrichgted; daierveue may be datohd 9B sespuchattidbrte g seed ik seviswally3D
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to a secondl cainptilebbiidsoftvaet poigtang arePrefcfablyusedifer idenifigg I xnabpigkiget a set

based on a first preselected data _ . . o
all data values connected to the seed pick having the same or similar data value as the

respective seed pick. Thus, the present invention may comprise a program storage
. device readable by a machine, embodying a program of instructions executable by the
machine to ultimately image the output 3D volume data set.
According to one aspect of the present invention, there is provided a program
' storage device readable by a machine embodying a program of instructions executable
by the machine to perform method steps of imaging an output 3D volume data set, the
3D volume data set including a plurality of voxels, each voxel defined by a 3D
coordinate and a data value, the method comprising; selecting a plurality of spatially
concident 3D volume data sets wherein each of said 3D volume data sets is related to at
least one of a corresponding plurality of attributes; selecting one or more selectable
criteria for comparing with data values of one or more of said plurality of spatially
coincident data sets; inserting a first preselected data value at a coordinate

corresponding with said respective data value in said output 3D volume data set when




val ue range; rendering said conbo volune by replacing said page dggaword in
said base 3D volune data set with a first preselected data value rel ated
to said second attribute when said respective voxel in said second 3D
volume data set is within said first preselected data val ue range; and

di splaying at | east a portion of said conbo volune. According to another

aspect of LRLJRE SFREImdeVEN bR or MBS SelbFaté BMieH§laril 5&%&\3{9? at MasiCGHEL! Ni ng

a plurality of 3D volunme data sets I n a single output ofune data set,
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each voxel conpri si a data val ue and bein Qsitjioned at, a 3D | ocation
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set for e conpar ed data val ue I's not wthin sard val ue range;
and di spl aglaogd data Valas withnaid edterianinedrtisgiachreselqetdd &ith walua e ad@dsitionet .
Accordi ng to another aspect of the present invention, there is provided a
pr ogr am ‘st@rgsponding; with saihdatp valupyn spidrerinerd Hanelnelptasey whign s dpta

i nstructiaqn executabl.e .by. the machine to perfor.m nmethod st.eps.of .i.nmaging
an_out put SR/ EE B ialeM e BETHAR vhite B S RGBT SSeRb L B e o
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val ue, the nethod conprising the steps of: selecting a 3D volune data set,
t he 3D volnotreedidaid atteria; aligpiaysnged leaspd sectibn dfysaidd enhaooeell H) velaote datxset;
conprising a 3D coordinate_and, a data val ue; conparing each of _said data
val ues i n Wihizimesaiddsnipptoninssrtinga sipd pick 3 p sdested et shavirbin sgid displaxit i ng at

LSt onslaf BEERECERARA Xl BheRsBROR E S SRR
conpar ed dfpvilad URntid ko 588 sSedSHicK data value at which said seed pick is positioned
for automatically determining an extent of said event.

According to another aspect of the present invention, there is provided a method
for rendering a combo volume derived from a plurality of 3D volume data sets,
comprising: selecting a base 3D volume data set, said base 3D volume data set
comprising voxels having a 3D coordinate and a base dataword, said base dataword
being related to a first attribute; selecting a second 3D volume data set, said second 3D
volume data set comprising voxels having a spatially coincident coordinate with respect
to said base 3D volume data set and a second dataword related to a second attribute;
selecting voxels in said second 3D volume data set based on a first preselected data
value range; rendering said combo volume by replacing said base dataword in said base
3D volume data set with a first preselected data value related to said second attribute
when said respective voxel in said second 3D volume data set is within said first
preselected data value range; and displaying at least a portion of said combo volume.

According to another aspect of the present invention, there is provided a method

for combining a plurality of 3D volume data sets in a single output 3D volume data set,
-4a-




presel ected criteria, and another presel ected data val ue atzz%gl%%@?' nat e
corresponding wth said respective data value in said output vol une
data set for each conpared data value that does not neet said presel ected
criteria; and displaying at |east one section of said output 3D vol une
data set. According to another aspect of the present invention, there is
provi ded t i | ﬁn&ﬁ% Sy related to
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secti on ofy;il haPRIGRGEA AP dobl W Al S8 anfBEPLADACLR AROLARL pgpect of
the present 1nvention, there I's provided a 'program storage device readable
by a machipmitentuetiigoadmgPiiee kadredpettiet datC Valgo $n sad QatfudBDevdtme Rgtamachi ne
to perform nethod steps of conmbining a plurality of 3D volune data set in
a singl e ot pueadBopsiaradedagavaduestbat is aatc Wit seid| datrevalies mngetand dsplayingi ng a

plurality voxel s, . each voxel i sing a data val ue and being

poSi t i onecfl?iﬁa?ta(_’@lﬁe"?t%%’&g@f} quﬁ’“f ﬁﬁ%@g’&%@?&? ¥ 3D vol une data set, said

met hod conpri SAc%r&il%? t6 L BBtheP aspet®! dFCIk NSteéent lihvdntiak ﬁ{é'{é'q?_ i@edS Gl

sel ecting a second 3 vol une daI[)a set: conparing each of said data val ues
in at | eagrogam sifragaiddvite readaldd byvo mackind @irdbodging anprogeing of éstackidl® vol une

dat t with | ect.ed t I Dol rting at | east. one of a
o eaer oot dreilEbE M i Ge S bRy meton Sls b aEREh buge T BBe | ve
- data val ueiatdlsetadhg P YD 3&&@'4&%&%&@%%@%@ omm,eéagﬁ%fa val ue

that is within said data val ue range, and another presel ected data val ue at
‘a comprising a 3D coordinate and a data value, the method comprising the steps of:

selecting a 3D volume data set, the 3D volume data set comprising a plurality of
voxels, each voxel comprising a 3D coordinate and a data value; comparing each of
said data values in said 3D volume data set with a preselected criteria; inserting at least

- one of a preselected data value at a coordinate corresponding with said respective data
value in said output 3D volume data set for each compared data value that meets said
preselected criteria, and another presclected data value at a coordinate corresponding
with said respective data value in said output 3D volume data set for each compared

~data value that does not meet said preselected criteria; and displaying at least one
section of said output 3D volume data set.

According to another aspect of the present invention, there is provided a method
for displaying an enhanced 3D volume data set related to one of a plurality of attributes
using a 3D volume data set comprising a plurality of voxels, each voxel comprising a
data value and being positioned at a 3D location in said 3D volume data set, said
method comprising the steps oft comparing each déta value from said 3D volume data
set with a preselected data value range; inserting at least one of a preselected data value

at a position corresponding with said respective data value in said enhanced 3D volume
' : . -4b-




position corresponding with said respective data value in s g aubget 3D
vol unme data set for each conpared data value that is not wthin said data
val ue range; and displaying at |east one section of said output 3D vol une
data set. In a preferred enbodi nment, the first 3D volune data set and the
second 3D volune data set each conprise seismc data. The nethod al so

permts adgi {QWé eadl co ghﬂgﬂ%aﬂaxfaﬁlestﬁﬁtsis%ﬂ@ﬁ s&QuRanateaadsd BRI gh@ne& May

i nclude producing a thir D volune data set representing a third
attri but e, prasetectssingrda ivalye et @hpositionheertspondug wib sakdhesmictivadatansiueainsecond

presel ected. data val range, . I n anot her enbodi.nent. of the present .

Phvent  on. iy Sinse S vaBRT ettt BaOS o mPUER 4PBA L8 Ha® Bb SIS i 1y of
at tri but esdi@yalieradgehnll AisplaHid dt I@stMbclion 6 RiPénhdhddSERlume AhRGLEd
events. In this enbodi ment, the nethod includes i dentifying each data val ue

from a 3D vol unicapzding et angties raspeqirafs thet presenpainvéntivnaithese s ipyavided An
enhanced 3D vol une data. set is then created by selecting a.data val ue
Fange or oPeeem $05es Hedied Shadifle HeR sSiBRicc R bt e Bl eS el

PCT/ US01/ O3denate oy tHatndachmleUs piifolin t&h&d istefs o combinid}e a GilhdaBiy 8f 3De net,
then the nmethod further conprises inserting a first selected data val ue at

a positi orvalere algfsorrli inge wingle owput 3Bsydumevdatalseta egedl 3P volumpedaémisetnced 3D

! eaving « r2riipe, & HRHRL RE oblss HEom Sbadl omdeliBlioe, Bffe VMO fn BBl ©C°
Addi ti onalpositBsd Maya i30E lodd€osl i if PihaYicsgechive | IR Stoans afatd e, Ghidt Artipahanced

3D volune data set, selecting a data value by inserting a seed pick in the
di spl ay, aaenpaising-thpistaps e selqeting &) fisst 3Bf velamg date sesssetesting @t egond3Phe seed

pi ck whic i | i dent i Ggal, 1o that. of i+C
ot her entsahaR Bk atPatfe shelr®! KT cploviog ngitbHE oBE Y sbiociy o8,
creating ‘blurde @afbich@dd 3bldvaconte 3Datdumetdatte dt Weith far resciackdd @ite vaevol une
data sets. The nethod conprises selecting a base 3D vol une data set

wher ei n t Hangsainsersimgvb lashongaf a pewseleptey da@oispieiat @ pasition gerersending Mg a 3D
c00r L 1o Sl B g DGR, U6 e HEF ALY b
value that is within said data value range, and another preselected data value at a
position corresponding with said respective data value in said output 3D volume data
set for each compared data value that is not within said data value range; and displaying
at least one section of said output 3D volume data set.

In a preferred embodiment, the first 3D volume data set and the second 3D
volume data set each comprise seismic data. The method also permits additional 3D
volume data sets to be combined and therefore, may include producing a third 3D
volume data set representing a third attribute, and comparing each of the data values
therein against a second preselected data value range.

In another embodiment of the present invention, an enhanced 3D volume data set
related to one of a plurality of attributes may be used to visualize and interpret different
selected events. In this embodiment, the method includes identifying each data value
from a 3D volume data set which represents a particular aftribute. An enhanced 3D

volume data set is then created by selecting a data value range or criteria and comparing
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sel ecting a second three- dinensional volunme data set where #Pue %ﬁg)nd 3D
vol ume data 15 set may conprise data values having a spatially €61 nti dent
coordinate with respect to the base 3D volune data set and a second

dat awor to a second attribute. The method f ri ses
renderlﬁ'oogoglt"g I ned 3D vol une data set by selecting Ig%[t{&%va#%g I n
second 3D vol unme data set based on a presel ected data val ue range or
criteria. bdchtdaea valne wwithithe afilerisretlf tHeh@heriahgre muedihibehn fther inbiod Ciatheri ses

replacing the base dataword af a. .20 re pectlve coordinatg in the base 3D
Vol Uie. dat SOTRHSCRIASHURE SoT8telsaied 46 AR & BIFHOB FomF@oRdyas Sddhe
attribute. (rjé %ech@@ dfed ¥ xﬁru!l <8l t%etspc%tmédae@eﬁ Bend G SRMME! B85 | eavi ng

the base avvor re ate St attribute at the respéctive
coor di nat ethemetive cbmgesestaavmgthad&addUlehangadlmtﬂmtgmhcem wlumedat i ng t he

nbi 3D t t t had furth | ayi t
Conat oS parety chiktonf s Rty inblhe, oA e af Tk et BR RSB P ey 20
seed pick QD dsMast se}é@ﬁ@a da@szaﬂieﬂa?'ﬁs\értmh@s@é@l%:&fmﬂﬁld@% Al ahfde

i nvention, the event is geol ogi cal structure. Continuing in this manner,

addi t i onal pwbmg@cplmletw@fﬁ@@vahu@s cemecéeéhteéhei 3¢6d pick mibich hagTn d@dp yalee dat a set
wher e the J&h&&g,qh%%k&g%%ﬁa}g%sep may i nclude data values having a
i nat e

spatially COI nCi dent Coofr with respect to the base 3D volune data set

and a third 30 mahemafedzbmhﬁmeﬁthepreeentiniverdloa,tamdﬂtudﬁ@roﬂdteﬂf@mdaﬁdgt hen
conpri ses render| a reV| sed _conbi ned 3D voI une data set by sel ecting
dat a vAP uedcombing(ild yolyrge dats w&mﬁﬁd@%ﬁle@@ﬂe D@h@ze reiso Boxetbes 02/ 061463

PCT/ US01/ Oé&ﬁﬂ risagS l?aséﬂﬁ@&l&n@ﬁé?%?e{t tﬂ%ao% furt é@a%gs%tﬁﬁ criteria.

If the seco criteri are et er conpri ses
repl aci ng bdsmprtmsletadahewkmnhgaﬁﬂdmrdn&d;mﬂtalbaﬁadatamr&h'ﬁatbesadatetﬂmd base 3D

volume data set wiih a s nds ec dat g .val ye related,to the third
attribut e. Mo¥ H¢fere ]éfcl??nrﬁa ﬁ‘ﬁ Qﬁt‘g’ Aﬂ'@‘? 6hl]P{epf“c’tIf’r%tﬁ‘?fief"i’i‘l?}ﬂml’sﬁther
conpri ses élécﬁﬁ%h gaoﬁmeeﬁcﬁﬁeﬂ@&nmméﬁk@skﬁ%&ah& B8ofd Irpford@hd ddiput e at the

respective coordinate in the base 3D volune data set unchanged. In a
preferigd estomgicomprise dethwalfibshevinga spatibllyt wincident cogdnatedvithrespeditatbe and t he
Egk\r,\? Ngtstr asegﬁ v%{ume%at%.settag ae s:[ego%dtdgta%grldsré?ated% aseconc? l%lr%ﬁte emetET& ON OF THE

further comprises rendering a combined 3D volume data set by selecting data values in

the second 3D volume data set based on a preselected data value range or criteria. Ifthe

criteria are met, then the method further comprises replacing the base dataword at a

20  respective coordinate in the base 3D volume data set with a selected data value related

to the second attribute. If the criteria are not met, then the method comprises leaving the

base dataword related to the first atiribute at the respective coordinate in the base 3D

volume data setunchanged. After creating the combined 3D volume data set, the method

may further comprise displaying at least a portion of the combined 3D volume data set

25  and positioning a seed pick on an event using the display. In one embodiment of the
inirention, the event is a geological structure.

Continuing in this manner, additional method steps may include selecting a third

3D volume data set where the third 3D volume data set may include data values having

a spatially coincident coordinate with respect to the base 3D volume data set and a third

30 dataword related to a third attribute. The method then comprises rendering a revised

combined 3D volume data set by selecting data values in the third 3D volume data set
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10 FIG1 is a flowdiagramillustrating one enbodi ment for 73 208t i NQg
the pres tion;, FIG 2 is a schematic view ill ust '

rel atlon?kallltp Eie/41:%€\/een a typical seismic trace and a dat ali’ggh@g“%}%{/oxel;
FIG 3 is a schematic viewillustrating an exanple of seismc 15 anplitude

dat a val uesbggeden aasemmdgxesbhbmé data ¥aBic aaghe b2 dritefianifeheotond critd il se mat, ue)
m. FI G is a schematic view

{1 st at 1 nepnge BPed AN HBRE AVlecipE ke (450, J4RHP o s EFPevEn: and
correspondi ggordbR in fi b\ége% %ﬁ%luﬂeq;axaget'ﬁt@a %ﬁ&&d‘ﬁéﬁ}%ﬂgh&%&@?&&@g seed

pi cks for auto picking connected points a val ue
range; Fl Ghigl atritates cHethe iséaond iceiverial drei bt miet, iierathe esethéd Agthge odmpiises

outllned by. t he i.ck nd,25 FLG 7 illustrates gne enbodi nent
of a soffwa &"ﬁﬁ%g‘ﬁg&ﬁta Q?ﬁ?@?ﬁdﬁg}l‘ﬁ%W@tq%mqfﬁiﬂewpﬁﬂ%tﬁﬁl%ﬁesent

i nvention. Wicls® {QemREeaRt dﬂgﬁéydl 02 Wds: & thon with
presently prgferred enbodi rr%%ts apdf %Héaeengers oﬂggﬂfﬁt%ﬂmg’ nlgt

i nt ended toseqom'{attmhaemmdéh&ﬁhnrdattﬂbutbarddaoheelﬁadlmrﬁeimﬁtﬂatam the contrary,
it is intended to cover all alternatives, nodifications, and equivalents
included within the spirit of the invention. -6 - - --------- 22 June 2005
WD 02/ 06146 1\3&% %gg, @VF‘[& SCRI PTI ON OF THE PREFERRED

EVBODI l\/ENTSﬁ cﬁzi’éev ; rrb%lﬁvn'ra{3 l ONvVo uSDsE (" Combo Vol unes") are createdby

conbi ni iy one orFrwrleis a flow diagram illustrating one embodiment for

implementing the present invention;
FIG.2 isaschematic view illustrating the relationship between a
typical seismic trace and a data value or voxel;
F16.3 is a schematic view illustrating an example of seismic
15 amplitude data values given arange between -128 and 127
(an eight bit data value) with an associated data value
histogram,; |
F1G.4 is aschematic view illustrating the relationship between a
peak (a positive phase) event and corresponding data
20 values; ,
FI16.5 isaschematic view illustrating seed picks for auto picking
all connected points within a defined data value range;
- FIG.6 is a schematic view illustrating a resulting geobody
outlined by the auto-pick process; and
25 F1G. 7 illustrates one embodiment of a software program or
system architecture for implementing the present
invention,
While the present invention will be described in connection with presently
preferred embodiments, it will be understood that it is not intended fo limit the invention
30 to those embodiments. On the contrary, it is intended to cover all alternatives,

modifications, and equivalents included within the spirit of the invention.
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5 attributes into a single conbined attribute vol une or CO”?PL%
one exanple related to seismc attributes within a 3D volune data set

this i s WOMRMHMPEhed by replacing certain data val ues (PEVHSEHI2 havi ng
256 possible values in a seismc attribute 3D volune data set) with

anot her data val up F(ﬁyf %rk@ LS akdpakNgs that

denot es certain val ues oP%ﬁ% er %"%?ﬁl ally C%IE%@ in}t selﬁsmc attribute data
val ues. 10 Conbo Vol unes are especially useful for enhancing the
performance of voxel-based autotrackers. Exanples highlighting the utility
of Combo VoPYEB¥IEYWr use in interpreting seismc data i ncl ude seismc

anpl i tude/ i nst an P!f]ﬁ& gp,g ooy m."..lﬁ'.

anpl i tude di scon? nuou§ even1nes?0 lé%//gh % )a?%crgn%% yw od rg%é&\sﬂlljcr

geol ogi el  gitrdibigdsufia ﬁﬂ%b cbmbinby afn.limts eomﬁaemrdain@bo Vﬁluﬁﬁotﬂil@he eaempiée
seismc 15 anplitude/s | ance Conmbo Vol unes nmay be used for StO}[l)pl ng the

aut ot r acker redgted Q@éﬂé‘@ﬁca@@%@n‘ﬂm ) 3@3"%1%4? deda ) s i pocompmbishede BY ogi ¢
b d t t
o o e AR GBSy SRV S B L LA

- features as3pxph@ss®th )i with adthey dats ugine Gacioad B-binkdsmic nmﬂaér desasatuedr
onl ap onto atrough event. Commercial uses for oil and gas_exploration and

20 devel opnit Wslcﬁétﬁlli’d‘@l‘éﬁﬁéﬁto Spatidly %@éienbﬁﬁwrarfcrﬁmbmﬂdaﬁa walues. pbut e

di spl ay. now
fo P &ty COmbB s S o eI GERT 2 bR e b b 0L B
il lustrat edadt@&adtefseEﬁarﬂpleglnghl@mg&emhwmmdmds for tife iivintebetihgr
creating an output volunme data set. As known by those of skill i1n the art,

a voxel congrisigdatg la@ué@sﬂaman@hmdeamtmeam@sa@pmbvér qemessioe putgs a
256 val ue eﬁ#‘?ﬂlﬁ)‘@c F(fo%ugﬁéusvégétﬂ% thgo én‘%glt}%mﬁ%%go&%&e% é{ﬁh S VS,

COI NCI une a sanme ~ ctoordi nate

or pOI nt P gécﬁogd@ueswcﬁ@@b u&lﬁéted\&} Ry sdenit hdutslatia mpther sxample, %ismlaal 30
seism c volune at a point may be the data value of attribute vol une

1 (voL B amnpbuﬂwsemblamw%mbq& ahhmngmmy tb@amsewor stoppiag dhe autphpelker g
attribute VO' Lfoglc legzo%ull\gesastuch az fg\ﬁts ot Sth e%logYpbgt%dgg%sé} 613;:1 59411"3%’9}/ 03227

example, seismic amplitude/instantaneous frequency Combo Volumes may be used for

highlighting particular geologic features as expressed seismically, such as onlap onto a
peak event or onlap onto a trough event. Commercial uses for oil and gas exploration and
20 - development may include event mapping, model building, multi-attribute displays, and

auto-picking enhancemertt.

SYSTEM DESCRIPTION
Referring now to FIG. 1, a method 10 in accord with the present invention is
25  illustrated for determining the data values associated with voxels for creating an output
volume data set. Asknown by those of skill in the art, 2 voxel comprises a 3D coordinate
location and a data value, such as a 256-value data word, i.e. an 8-bit word. In step 12,
the data values VS, V1, ..., VN for each spatially coincident volume at the same
coordinate or point P are determined where VS may be the data value of an original
30  seismic volume at g point P, V1 may be the data value of attribute volume 1 (VOL 1) at
point P, and so forth such that VN is the data value of attribute volume N (VOL N) at

-




point P. The data value of the Conbo Volune (VC) at point P4 ginkhens
determ nerally illustrated in steps 14, 16 and step 14, it
S deteﬁ%ﬁﬁ@@‘%ﬁit her VS, M, ... , VNIlie within user- sﬁé%qsih]gtgz Triteria;
for instance, whether these data values are within a user-specified range

of data 5 p@hﬂBsTMldaﬁmh& of the Cogibe W Eldme (VO) aep@ihtpfisﬂi@&d&enﬂﬁedjas
VOL N As illustrated in step 16, if VS, V1 VN do not lie vmthln the

criteria, t&msrallydl Iﬂﬁtaéedﬂalsw@séff,mndslsset "for instance, to the same data

value as VS at p [ uUse i f at a Iues a , or
data val ues takeﬁl%{%%% 1?? ot “’“963‘1'9%% t}}r%%dgta S ﬂi'clﬂéls? e@ﬁgﬁggve
poi nt P cogfiterieotmedncivheiherMesd @i ard withiRa u\s@rrspemﬁed}ﬂ}i EbEdiht hin
the criteri a, then the 10 data value of VCis set at a user- seC|f|ed

mar ker dht avalugsebichmay bs SfFléﬁF’f@d@ epch of YOI B, YO 1, at.t, M ulNe Uﬂmedxls V1,
..., VN As th .0 h t h
I g USSP LI B L AR S L

rei terati vespimenss, tb theGRDHAH Galu@asSES ki fdint P Uﬂi‘éiu%r—s é&iﬁédd’dtﬂﬁl@és cdahi©
Conmbo Vol une may be di spl ayed as indicated by step A seed pick may

t hen be chob@wed,rqnda@ wxpaﬁlqey from @yﬁﬂwﬁbv@u@@dm setﬁatﬂaneesmtyb@omt

connected t hav he sa L.ck

aut omat i cal ‘ﬁﬂg’ﬁ glgwflﬁ%lgg%ggﬂéa{[# ?&ﬂi Bﬁﬁlﬁ"qh?)&b%‘%@\éﬂ‘?‘hthgt ep
24.  Thig rr@itéwstua ufvbﬁs@ra@a ASRIpAi B Y maRkt M&vah@tkﬁxis@ahtea&o 8hk SMART such
as a geological structure. The extent of the event could then be displayed

for anal ysi &trihwte volumepVEi ¥ii.on . VIinds indieattidin step 39, th@@@&ﬁ@awdhm@pbséd for

h th I t t, t.ot ub- | .t
boundar i gs.  FAoR PBLH: ke S48 VRN o i GOy VOLBAE T, B¢ Bty D i
di fferent aﬁeltéz‘aﬁ% ﬁro%és%fas Ginple AREARE W Jrroﬁ&yeia%ftﬁeecm&v%mﬁé fng¢le and

i nst ant aneous anplitude. Thi's embodi ment of a Conmbo Vol ume used to detect
and di spl abe displaybamitdicated blmtcpb}?. czbﬂéadquclenhaylmeng)emhnmﬁom matisumty hods

to dete t he . instantaneous Tibute (1A) of the seismic
anmpl it u]:jsm ﬁ?%e"e@)ﬂse‘f&ﬁ%ﬁn@ %elmsﬁé%ﬁ élt {"4" gﬁp&yﬁ%ﬁa'{q%eqsﬁge{sgﬁ@ aneous
anpl i tude sal.t nmbo
Vol ume my%ﬁéﬁ%%ﬁaﬁﬂ?egﬁl dlﬁg%g{ymgggwdlﬁ%l isﬁi 2\( élt‘%/ p g‘% ?ﬁ#df&r,&iﬁ[gﬁngo
SA(X, Y, z) sThRmethddeuhi Sy and acchrately defitds She SHént,of ad pvent bédlxasya gdological
structure. The extent of the event could then be displayed for analysis and interpretation.

One embodiment of a Combo Volume used for enhancing the ability to autotrack |
20  or auto-pick sub-surface salt boundaries utilizes three 3D volume data sets, each
representing a different atfribute such as instantaneous frequency, seismic amplitude and
instantaneous amplitude. This embodiment of a Combo Volume used to detect and
display salt boundaries may be configured using conventional methods to deténnine the
instantaneous amplitude attribute (IA) of the seismic amplitude data (SA) and the
25  instantaneous frequency of the instantaneous amplitude attribute (IFIA). Accordingly,
a new salt detection (SD) Combo Volume may be configured as follows:
If fl1< IFIA(X.y,2) < £2 AND al < SAX.y,Z) < a2,
THEN SD(x,y,z) =vl,
ELSE SD(x.y,z) = IA(%,Y,2).
30 The values of {1, £2, al, a2, and _vl are user selected,




30 The values of fl, f2, al, a2, and vl are user sel ected. find3odsine 2005
WO 02/ 061463 PCT/ US01/ 03227 Anot her enbodi ment of a Conbo \/2% une consi sting
of sei snO%P1FE ude data and instantaneous phase data EGNUSERBHstruct ed
to enhance the ability to autotrack another seismc event. The

i nst ant aneous phﬁﬁ@m@?&rﬁbcﬁcﬁm@&rdt‘é@bxflﬁd’%&% BB SHHpCor sBiRd &Hﬂﬁu&@&zﬁa usi ng
conventional nethods. The result is a 3D volune data set havi

i nst ant aneoarsd pististndattsaphasd clels taorbeespetmatitedytot cnlmawﬂ'seﬂslutydoammuwhde
data val ue or , voxel ., At eact@and ev%&ey t he i.nst ane us hase dat a

el
value i s cofffiigFefpiis eVEly, 1he dastayt oS, Phasy At 1, fletiyed frpm,the

| NSt ant aneolgpRRAs Batd AkiRg CBAVRLISAL nERMRR, THEreshR Eéﬁ]D%hﬁﬁhedhté Mhaﬂﬁ%
value is repl aced In the new Conbo Volunme with a user-specified marker

data valle. lﬂsfantaheousmmﬂa@mww gohespendimg do vadhiseistde smpidtude éatasral)aephe

t th 1 t | ue jin, nbo, Vol d th
Che. cor respBfithing® Sapisl thar, voNrly e ievations TR OE et dt Sompred T8
repr esent i NG 38h&iifi&d BRPYAILY B8 critvBh SIfthaRistabBndids pRA TRt LRIR SfikBeiBE be

used, and constraints set for each one, consi derl spatial ly coi nci dent
dat a vol uneeritafix, ﬂ;u:nzt)lat dBtawajyey repdasdd m(th¢ wew Combh & wcthtaalsareﬂpamﬁed
D(x,y,z) is_cgnfi fallows: 15 . 1F S . Al AND/
B(x,y,z) s B8" a@&eﬁv@?e@s Rhgse %@W?"pﬁ?ﬁ%%ﬁy@ﬁ

user sejct gt &h@é@alﬂeﬁh%ne@@ﬁnﬂ Yoltnls rePﬁEEth\ﬁﬁi th¥ %ﬁ@poﬁﬁﬁéédiﬂﬂl&dé’!@w to

FIG 2, the relationship between a typical seismc trace 26 and
plurality of/alu@ﬁfemstheaDlwhsh@dutasﬁrspm@h’engimmwahmhm@te 30 |s rreasured at

det ' d | nt I 6. .Th I 3D
et osent at i on- oMo RS B IRAo LD P Gl RSl orath Gl
data pur DOS&% %‘égéﬁfilly%ihcﬁeﬁpdé’c@%lﬁmgéxéﬁ ?gﬁB@Q?% khg Oéﬁir%) \Vidlergs Whi ch

may be | abel e 55 or -128 va ue range det er nmi ned
by the typedai&vdlahmﬂx&y;@msmtﬁguﬁdeasrfeﬁmwed data values 25 for any 3D

vol ume data set e, divided bet voxel.s 28. Fl |IIus

Evanml elof “se s baAGo et ANDDR BEE Hixyen < et by &,
THEN D(x,y,z) = some specific user selected data value,
ELSE D(x,y,z) = another value.

Referring now to FIG. 2, the relationship between a typical seismic trace 26 and
20  a plurality of voxels 28 is shown. A sample data value rate 30 is measured at a
predetermined interval along seismic frace 26. The voxels 28 are a 3D representation or
~ box around samples 25 of seismic trace 26. For seismic data purposes, the voxel may
typically have 256 possible data values which may be labeled 0 to 255 or-128 to 127, or
a data value range determined by the type of data being used. The measured data values
25  for any 3D volume data set are divided between voxels 28.
Fi1G. 3 illustrates an example of seismic amplitude data values given the range
~128 to 127 with an associated data histogram.
FIG. 4 illustrates the relationship between a peak (positive phase) event 27 and
the associated voxels 29.
30 Another embodiment of the present invention involves creation of an enhanced
3D volume data set. The enhanced 3D volume data set is used to enhance the ability of
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-128 to 127 with an associated data histogram FIG 4 |Ilusizr']

rel ati onshi p between a peak (positive phase) event 27 and e assom at ed
voxel s 290 03@614pht her enbodi nent of the present inventi oRCTRSBVGEY creation
of an enhanced 3D volune data set. The enhanced 3D vol une data set is used

to enhance {QGuiiabkdrito efea.tegsu@fgceéué\%nt%%é/or YOt L0 it Wﬁéﬁ@&’c%ﬁ@ the

autotracker to create surfaces, events and/6r geobodies. Wiile this nethod
can be appdtppéadd tmaxartypetqfﬁé) wdu:ﬂiﬁataﬂeuﬁmsmﬂnamiaJaW®mmpchmsefeMa

I f f d Th d 3D
Vol s dat o100t LB Gechaen Thesmoe S Sahe G e Rt R
~seismc dat %éf@été'gﬁu& folhn B6K SdisiR| dBSrohiiAd with SnARSGahitk Bht are WhddlatsdiCh

certain data values. In order to create an enhanced 3D vol une data set
represeri ngltbeumemtap:kMEValaes range of data val ues is selected around the

i k ph t k data val
Soal o om0 Lo Buyteif el salibiond s oRCeaih o FerySieffigpeh B il V' U
potential rgpge omd%t vdlfest fs%e@féﬂ%oﬁlﬁh& Qnal»&ﬁum“{aéakVﬁﬁ%E Hatal wﬁeheF%P 10

vol ume data sét would be tested and any voxels having a data value in this
range may bisstanesiwhenesinga ptekalatevatuesedlefomd td 265, whereepealioroudbdbelpdata As

illustrated in F i C e e, yisual | | tioned
within a sel%es %%j%vérﬂ‘)%@wé‘ B g‘l%é“r gtfog'g)ib$ g@) ﬁéf%‘%ﬁﬁnggiﬁ ify or
aut o- pi gk, @d]ﬁn@'clﬁﬁ's%&ﬂb[b@%‘sﬁﬁaﬁ@ gl%‘hﬁﬁn Qdaﬁahﬁlu%eiﬁﬂnﬂ‘aﬁ w hin a
range defined by an upper boundary and a ower boundary at woul d

ei t her i ncl edefimad veitic b wse- Selmteddhtaval!wd muehasl%réspi&:ﬂtnatadlmﬂq 5 Ialsusci rat ed

in FIG 5 whjg tllne eobo faor.med as, .a result. of the seed pick and
aut o- pi ck E}P%égs@ pff%&g BRHH: AghFaReeh ST A GPRERT ot o

set. In anoééh% at@c{ﬁ}Bgésgﬁir}gfth&u oyﬁl!tdjﬁﬁ kg Sﬁ@l%ﬁgﬂfpﬁ%&&%%one 3D

vol une dat a®se ortant t'o note the present

i nvention calesébapza@szapﬂﬂhmadmmdé@ﬁmymombmmwaﬁalmmwaﬂ set s,
but for expl anation purposes a seisnic exanple is provided usi ng_
conbi natd onthaf we r alpmdp ot excludegthat data palue as meee particularly illustrated in

FiG. 5 which outlines a geobody formed as a result of the seed pick and auto-pick
processes applied to an enhanced seismic phase 3D volume data set. ‘

In another embodiment, a Combo Volume is derived from more than one 3D
volume data set. Tt is important to note that the method of the present invention can be

20  applied vsing any combination of 3D volume data sets, but for explanation purposes a
seismic example is provided using a combination of seismic attribute, seismic phase and
seismic amplitude data volumes. A base 3D volume data set is selected. The base 3D
volume data set will retain its histogram distribution across the amplitude range (-128 to
127) as shown for example in FIG. 3. On a scale of 0 to 255, 0 would be a -128 trough

25  and 255 would be a 127 peak. A second 3D volume data set is selected from which to
choose key voxels to combine with the base 3D volume data set.

In this embodiment, seismic phase data is used in reference to the following
description. A range of data values is selected around the maximum peak seismic phase
data value. When using a peak daia value scale from 0 to 255, where a peak would be

30  adatavalue of 127, a potential range might be from about 115 to 139. All voxels within
this range would be redefined with a data value of 127 (maximum peak) or 255 on a scale
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seism c anplitude data volunes. A base 3D volunme data set is,ggl.8pphgd.- The
base 3D %Olﬁ 46?ata set will retain its histogramdistribution across the
anpl i t ud® Y 128 to 127) as shown for exanple in FPEVUSOVRRY scal e
of 0 to 255, O would be a -128 trough 25 and 255 would be a 127 peak. A

second 3D vof Gite25kat Eherbultisg Sohdetashuihe amuWbedisplayeCAR0S el @ickuoxghs to
conbine with the base 3D volune data set. In this enbodi nent, seism c phase

data is useHenbemnesidioasdan ths keyevew |18xmaﬂ§>~p@k@rcwrp@ﬁss srouldahen figd allftheat a
I h d I Wh
val ues is sg&@g{ﬁggy %&ddeg‘%}?oea?ﬁé %&?@&é% sm ¢ phase ata val ue. en

using a pea ue sca \ihere a peak would be 30 a

data val ue of 12The dpreweiveiivesiion aagebenigfiempaiclnaMgabadivate]l Boft@ark38: a
Al'lvoxels within _this range woul d be redefined with a data val ue of 127

(maxi num pegffpbipptionthersal, aud may e implemented inrpeconmyer sygtero 2r otbeumgeessing

PCT/ US01/ 03 f t no ld b | spl ayed
and a seed %ézeﬁgm&leg&%ﬁ&e%gg%%w IS%D%F %‘Mﬁk W#ﬂﬁﬁgn‘g‘tﬁ% pi cker
process woup@sdndnivenitiof iglshowién FieMegitetle BabS bS ﬁfgrﬁﬁ%@rﬁbﬂﬁjwm i gherence
to FIG 5. The present invention may be inpl enent ed usi ng hardware,

sof t war e or operatgIEFAs k2| Swﬂhﬁ%@mmgmemwmcmdwfmm& the TNISGBpUL er

system or of her.. processin od| a sof tware or, rogram
o Tueture STl SRERS Aoyt iTte thi SRERSHT TSt R ot ke

At the pﬁses;@fenm@@mﬁaséﬁwa&ém%éﬂ&bﬂsﬁﬂﬁﬁm@ﬁ@é@hﬂa}ﬂ system 102. Sui tabl e
operating systens 102 include, for exanple, the UNIX(r) operating system

or W ndows NT(r)Meng mnfvindnygng s@bvaod 84 owerlays operating systezn 402.n¥lena@ndyst ens
as woul d be apparen of sk in, the . el evant rt Menu

wi ndowi ng s ﬁﬁfv 3&4 W&SB‘%@'W"W@ VL QUL MRS An I\)ﬁ'ﬁﬁo‘%ﬁ’ ﬁfiﬁi‘ﬂﬁ%w ng

- software 10gi4@ionHRth thOusk %a%bvﬁﬁhﬁyﬁlgﬁ%ﬁnﬁﬁﬂuwm @ wiifowihg at €

I nteraction withthe user, and to obtain Gser input and instructions.” Menu
and w ndowi s@’twase)flwvaammbwdepﬁn exmnplleﬂhhcrbmft andwvsé“, , Xl Wieked Systém®Ows TM

X W ndow SystenmlM 15 (re ade rk of usetts Institute of
Technol ggy)&e%ﬁﬂre@ﬁﬁéﬁﬁ‘ﬂ%(? é‘faéﬁaé’ gty Qﬁi&#’éﬁ’r 3 of C&@Hgﬁaf ndaMOTEMdat i on
Inc.). As vQuidteRA taBB8HANYrPRASEfvare Foundation Inc.). Aswould be readily apparent

to one of skill in the relevant art, other menu and windowing software could also be used.

A basic graphics library 106 overlays menu and windowing software 104. Basic
graphics library 106 is an application programming interface (APT) for 3D computer
20 graphics. The functions performed by basic graphics library 106 include, for example,
geometric and raster primitives, RGBA or color index mode, display list or immediate
.mode, viewing and modeling transformations, lighting and shading, hidden surface
removal, alpha blending (translucency), anti-aliasing, texture mapping, atmospheric
effects (fog, smoke, haze), feedback and selection, stencil planes, and accumulation

25  buffer. |
A particularly preferred basic graphics library 106 is OpenGL®, available from
Silicon Graphics, Inc. (“SGI”), Mountain View, California. The OpenGL® API is 2
multi-platform industry standard that is hardware, window, and operating system
independent. OpenGL® is designed to be callable from C, C++, FORTRAN, Ada and
30  Javaprogramming languages. OpenGL® performs each of'the functions listed above for
basic graphics library 106. Some commands in OpenGL® specify geometric objects to
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to one of skill in the relevant art, other menu and w ndow gy u?n%fz wear e
could al so be used. A basic graphics |ibrary 106 overl ays menu

W ndow n%’oé)alf’f%?fe 104. Basic graphics library 106 is aR¢ Wﬁﬂ’@&%l on
programm ng interface (API) for 3D conmputer 20 graphics. The functions

per formed bye BaginSardl b 6shtlol Rivaihe o%j%@ts'af@ﬁdﬁdﬁ:d AQllel Xkl fehe OFQITRI®I ¢ and
raster primtives, RGBA or color index node, display |list or innediate

mode, Vi eW| siafeaeienthricantents efithetskBrememonsand flhg e puffinl cambeivbiginedbrden

sur face i n r ans Si t exture
mappi ng, %glé%ﬁ@’@é&gg? ?‘%ﬁ% @pﬁx?%%(b @H%rk%f i]}e ‘-%FB%&PS 8% élrfga%gﬁ’ EEEi on,
stenci | pl aBethe s@md oPdiclaront Mhétatks b%éaubybbeﬁewlmﬁbﬂct&a@ﬁﬁayeﬂr QIGIE basi ¢
graphl cs library 106 is QoenG(r), available from Silicon G aphics, Inc.

("SGP) 5 Nb@ﬁp%nrxbednwre@atml nanﬁh@ngn@mg Gpide (SBNy 0-2&1I-63276+3ét form

I ndustry st )¢ te
mdependent%&%&l@‘®§ o= g%%‘%igﬁggﬁ”& @6?%95'427#&%“@&% MI@&N Ada
and 30 Javawm@%@m@grﬁﬂmggyre@%@_(r) perfornms each ofthe functions
| isted above for__basic graphics |library 106. Some commands in QpenGL(r)

speci fy geonet ri ¥isve| ikt @waPm&@ZarSlla%OwbSSme%bbwPﬁﬁ'/m/ 03227
be d d th t fh ct handl| ed. | f

Che. CpencL ( Prubtib it itoreRilloh o8 AR B Comiing i Sifimodthife r  ame
buf fer ,1(c a”w?&l@?ﬁtﬁhﬁtﬁfbrbp&ucsaa BlidaPiBhs, m%ﬂsﬂmamnﬁaﬂ%s%%ﬂés brovidagnCL(r)

and the client application may operate on samme ‘or differen |nes
because Opefugtijons that vatledogethear grapbins dibrary @{m@n@n) fiictienschpsle us Lighting) nor e

detail in the nGL Pr.ogr anm n 01-6 748 and .t he
CpenGL (1) FBREHRC B A ISBRERES- SIS S5rvE00S gk gt o B SReafioRgE o
whi ch are |ﬁgﬂay%@mcg}%@kﬁdggdfa%erence Vi sual sinmulation graphics

| ibrary 108 overlays basic graphics library 106. Visual simulation
graphics librar yAr@ﬂlqukarhmreiaredmma&mMaumggrmiesﬂlbrwylﬂmbIRI&?mmaled 3D

10 vis ng atio Vi, su i_ul ati on graphjcs
li brar ;11%1085“%1‘11(?1@1B dig%mf %ﬁﬁ ﬁ%‘“ﬁﬁﬁt% oqgé’ff”@&’et ﬁbﬁ &)PE%FFP@'S S‘FRPSFtért\;? ©state
cont ro | T ungpdse gHpRicR fiblahPibdulshd above. IRIS Performer includes two main libraries,
libpf and libpr, and four associated libraries, libpfdu, libpfdb, libpfui, and libpfutil.
The basis of IRIS Performer is the performance rendering library libpr, a low-level

)

library providing high speed rendering functions based on GeoSets and graphics state
20 | control 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
confains 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 attributes, rendering of
most databases is performed at maximum hardware speed. GeoStates provide graphics

| 25  state definitions (e.g., texture or material) for GeoSets.
| Layered above libpr is libpf, a real-time visual simulation environment providing
a high-performance multi-process database rendering system that optimizes use of
multiprocessing hardware. The database utility library, libpfdu, provides functions for
defining both geometric and appearance attributes of 3D objects, shares state and
30  materials, and geﬁerates triangle strips from independent polygonal input. The database
' library libpfdb uses the facilities of libpfdu, libpf, and libpr to import database files in
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materials, texture, and transparency. These functions trackzﬁlﬁllte%@g\d the
creation of di sgl ay lists that can be rendered later. Eal’tl cul arI y
preferre WORA26Y63 si nul ati on graphics ‘library 108 is IR SPRLUBEIRY” 15
available fromSGE@ in Muntain View, California. IR S Perforner. supports

the OpenG.g E]ilm%la@"ih&%hly' PN ShAasSRAHAEO THE Tibh i B 8kt RfidBice 1By des

two main |ibraries, bpf and |ibpr, and four associated libraries,
l'i bpfdu, |ifhat pmwdes Ibptﬂtimg bloglis forbtpﬁmltg hanifhlaetitmedspaentsboudee uttcrrfms is

L!‘ShpELLZQ”&SC it bR dighae o irallycBF DU s Hisvdey oBigR sy
control usi P&vﬁ%&@%&hﬁ fox%ﬂﬁ&h&t&[getaél@ 18R lak QaltiThasheR G0l 8 ﬁﬁfebﬁd that

group sanme-type graphics primtives (e.g., triangles or quads) into one
dat a obj%ct graphicalGseSaterfaco((tldi)ieolno georretry itself, only pointers to data

arrays and. i ndex ,ar rﬁﬁe/ Because E{?k] elﬁgﬁgg?tlvesdb &I%%? é@ of t he
sane type and ha °aE‘%Bf°§F’fW g8os (?rH’ge & &
perforned aparppitIETolaHetsH saﬂ ﬁegtan RPrdl - EdIIOVisha sehARRbes 25 state
definitions (€.g., texture or erial) for GeoSets. Layered above libpr is

| i bpf, areal-tine vislal slmtmlabllms Barfarmenment providing a
hi gh- performance nulti-process dat abase rendering systemthat optim zes use

of  nul g processi ng har dwaggeciffimnthet abaaghict pibélings|dhbogwthe | i bpf du,
provi des functions for defnlum Sc3ghl % 5115,1 anggappReegnce attributes

of 3D objects, shares statg,, a‘r*"gﬁﬁtﬁ?% s, and generates triangle strips
fromi ndependent pol ygonal | npu at abése I ibrary |ibpfdb uses the

facilities of |ibpfdu, libpf. and |ibpr to i tabase files in -12 22
June 2005 WD 02/ 061453 PCRHiREEE chesss i Hﬂ?ﬁ‘s’ngfl ndustry standard

dat abas¥® formats. The libpfui is a user interface I|brary t hat provi des

bui I ding bl ocks for whiti nipitialize fiametrpigrand eefftanmextendpoligser interfaces (C
and C++ progranm ng | anguages). Finally, the libpfutil is the utility
library that provides. rouCieatschfigurd)phdomentwindowsadsquitedh as Mul ti Channel
Option support and 5 grapfidgcal user interface (GJ) tools. An application
prograrmyml ch uses RIS Performer and OpenG.(r) API typically

6. Create and configure display channels as required.

Once the application program has created a graphical rendering environment by
carrying out steps 1 through 6 above, then the application program typically iterates
25  through a main simulation loop once per frame.

7. Compute dynamics, update model matrices, etc.;
8. Delay until the next frame time;
30 . Perform latency critical viewpoint updates; and

10. Draw a frame.

A combo/enhanced volume program 110 of the present inventions overlays visual

35 - simulation graphics library 108. Program 110 interacts with, and uses the functions
carried out by, each of visual simulation and graphics library 108, basic graphics library

106, menu and windowing software 104, and operating system 102 in a manner known

to one of skill in the relevant art.
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carry out the followi ng steps in preparing for real-tine 3Dwrsddhos
simulation: 1. lpnitialize RIS Performer; 10 2. Specify nunber of graphics
pi pel i ne@?5 05&6’6@ the multiprocessing configuration, anBCE’Héﬁli"Wz"ghar dwar e
node as needed; 3. Initialize chosen nultiprocessing node; 15 4.

Initialize framepioptsn aglobRk phdsaiBnRiKti6N & pRefetdbYy wriften fdf 883tfect 6RBALIUT €,
and open wi ndows as required; and 20 6. Create and configurée display

channel s aspiogtimiag langwage tolallowths ¢r@@idn@ndp$@gfr<ﬁ>jmtmd©bbatﬁdcfmrgﬁaphi cal
rendering eRvi.ron t arfyin t steps.l 1hrough bove, then the
appl i cat i on‘GlL ?g%?g%&twgﬁéﬁrﬁgf’é]% Oé?%ﬁ%g%’m%f}i‘gm%%ﬂﬁuagg%éﬁasi nul ati on | oop
~once per frane. Jfhode@mbetRndhY, PRoBraH 110 Pdad:ehd B0 0bluiR!dalaRSin a%dmer w8l Del ay
until the next franme tine; 30 9. Performlatency critical viewoint

updat es;5 anknowaoto apefskillin shasrelemantautp dlos shampledthe doumme fprdaty eohubhe Oamf t he
i ] | i sual i qul at i hics. i 08.

b ogr am 1100MNPEPoRRFR Py vorling Beies Tl i Bt e 3 BBA L i a0 PAs Bach o

visual si nmudigd dfthe ditd s6F; AFHY Vohurhé RéRAEYtypRBIly Baithits BifemMiIe, inldradc¥ibed 06,

menu and wi ndowi ng software 104, and operating system 102 in a manner known
to one of ssagpencessuch as thefidapaih (losation) afthodatd setcsi20dimensionOR/tHG2.46 8nd

' an ob] ect 5T ERT RIS TaE i e SO Pb i EHGEP Bk B LhE uoe
of objents iy PG a bitABE deqiidich b¥bytes, one or more bytes per data value, that can be
ordered in the following manner. The first byte is the datavalue at volume location (x,
¥, 2F(0,0,0). The second byte is the datavalue at volume location (1,0,0), the third byte
is the datavalue at volume lqcation (2,0,0), etc. When the x dimension is exhausted, then
the y dimension is incremented, and finally the z dimension is incremented. The present
15  invention is not limited in any way to a particular data format.

The program 110 facilitates input from a user to identify one or 3D volume data
sets to use for imaging and analysis. When a plurality of data volumes is used, the
datavalue for each of the plurality of data volumes represents a different physical
parameter or atiribute for the same geographic space. By way of example, a plurality of

20 data volumes could include a geology volume, a temperature volume, and a water-
saturation volume. The voxels in the geology volume can be expressed in the form (x,
¥, Z, seismic amplitude). The voxels in the temperature volume can be expressed in the
form (%, ¥, 2, °C). The voxels in the water-saturation volume can be expressed in the
form (X, y, z, %esaturation). The physical or geographic space defined by the voxels in

25  eachofthese volumes is the same. However, for any specific spatial location (x; Yo, Zo),
the seismic amplitude would be contained in the geology volume, the temperature in the

-femperature volume, and the water-saturation in the water-saturation volume.
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A particularly preferred object oriented programm ng | anguagieyis o6t I n
one enbodi nent, program 110 stores the 3D volune data set in a nmanner wel

5 known W@‘Bf?él“ég) skill in the relevant art. For exanpl e PCEUSOV@R2¥at for
~data volunme can consist of two parts, a volune header followed by the body
of data that is as long as the size of the data set. The vol unme header
typically coﬁ#gﬂﬁék¥ﬂﬁornation, in a prescribed sequence, such as the file
path (location) OfTHehE)r%?ﬁ:?g &klosifb 48d JRERRESh Pthé Tvelorkis Mus@itfve nd
directions, annotations tor the x, y, and axes, annotations for the

dat aval ue, etexplaf#terylthetzof]\andfit wil be apprevidied by yhose gkitlnd & the vty thed vadoes or
nore bytes per data yalue, that can b ordered iin the follow n nner .
The first bytchangssiy o e shape AR Re GRS P Y56 L %@feq%‘,’ah?:)‘(mszf‘g‘f"gﬁéﬁ!n The
second byke lifie hbgiiS8F MMl %ﬁg@%%ﬁ&@&dxﬂﬁ\l}éﬁongwﬁ)fea 8 Jifthé Gatitie 15
t he dataval ue at volume |ocation (2,0,0), etc. en the x dinmension is
exhaust ed, t kfsmentdwayy e mads dthoutsdepating fmnd the spiit of fhiedavdngion.he z di nensi on
is incremented. The present 15 invention is not limted in any way to a
particular data format. The program 110 facilitates input froma user to
identify one or 3D volune data sets to use for inmaging and anal ysis. Wen
a plurality of data volunmes is used, the datavalue for each of the
plurality of data volunes represents a different physical paraneter or
attribute for the same geographi c space: By way of exanple, a plurality of
20 data vol unes could include a geol ogy volunme, a tenperature volunme, and a
wat er- saturation volune. The voxels in the geol ogy vol une can be expressed
inthe form(x, vy, z, seismc anplitude). The voxels in the tenperature
vol une can be expressed in the form(x, y, z, C. The voxels in the

wat er -saturati on vol une can be expressed in the form(x, vy, z,
%saturation). The physical or geographic space defined by the voxels in 25
each of these volunmes is the same. However, for any specific spatial

" location (xo, Yo' zo), the seismc anplitude would be contained in the
geol ogy volune, the tenperature in the tenperature volune, and the

wat er-saturation in the water-saturation volune. -14 22 June 2005 WO

02/ 061463 PCT/ US01/ 03227 CONCLUSI ON
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The foregoing disclosure and description of the invention isyillugpsative

~and explanatory thereof, and it will be appreciated by those skilled in
the art, that various changes in the size, shape and naterials, the use of
mechani cal equivalents, as well as in 5 the details of the illustrated

construction or conbi nations of features of the various elenents may be
made W t hout departing fromthe spirgt.AQMS he i nvention. -15 22 June 2005
CLAIMS 1. A nethod for conbining a plurality of 3D volunme data sets in a
single output 3D volune data set, each 3D volune data set conprising a
plurality of vokels,A maethed fogembining riptiralityaofdfd solualcudata sets e sipgle

posi tioned at DJocation in a_ respective 3D volyne data.set, said
met hod con%m?ﬂgwgme%f 34t <4k PPLYOISRC laia b ComPESIRE p PRI FENORAG a
first attribute,; A e : p I a
second at%alrellilbﬁxgl; %ﬁ%%?g%gaggcﬁﬁgg agg)i %&%%@31\E}g+€de§{3itanﬁgt {q%gtgs lug%e of
csaid fir stre§factivelDvelusiat datst, saiddnstbbd catipidigh: 3D vol une data set with a
- presel ected data value range; inserting a first selected data value at a
position corresponding with _said respective data value in said output 3D
vol une data set for S@%@hﬂ&l&ﬁéﬁt3Da*{QB§n9«mthiSﬁr%rpwnaagaﬁvﬁlattsbwahge;
inserting a second selected data value at a position corresponding wth

sai d respective dat . i i ;ﬂéi; 3D..val.u set f each data
val ue outside said %ae{égﬁrﬁlau%cﬁg%gse]?%an %idgbal g%/ti %%mggﬁtfh@agt Se(%ﬁléd section of
sai d out put 3D agibure data set. 2. The nethod of claim1, wherein said
first selected data value is related to said first attribute. 3. The

met hod of claim 1, wherein said second selected data value is related to
sai d second attri butcemparing each of said data values in at least one of said first 3D

volume data set and said second 3D volume data set with a preselected

data value range;

inserting a first selected data value at a position corresponding with
said respective data value in said output 3D volume data set for each data

value within said data value range;

inserting a second selected data value at a position corresponding
with said respective data value in said output 3D volume data set for each

data value outside said data value range; and

displaying at least one section of said output 3D volume data set,

2. The method of claim 1, wherein said first selected data value is related
to said first attribute.
3. The method of claim 1, wherein said second selected data value is

related to said second attribute,

4, The method of claim 1, further comprising:
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4. The nmethod of claim1, further conprising: -16 22 June %p_ﬁ_] ez'bﬁnierti ng
a seed pick in said display for determ ning an event rel ate 0 a physi cal
phenonena, said seed pick being positioned at a respective data val ue
position using said display. 5. The nethod of claim4, further conprising:
aut o-picking all data values connected to said seed pick which have the

sane data val ue as i p. i td: v teh:said. s pick is
positioned. 6. The sr%gételg%%gegf&%{iaq{%iﬁS%rﬁieg%esﬁﬁy?gfg‘%@é@ﬁ%%nv%l%gﬁe data set
and said secondlaid 104 Ph®sicalt phobinedd, sakiosgdi piekl trings positiomeddata and sai d
event is a geological structure. 7. The nethod of claim1, further

conpri si ng: seltesertivy data vdlpelp@Diaroysingsaghdisplagt representing a third
attribute; conparing each of said data values in at |east one of said
first 3D volu datg set ald .se 3D vol.une data set, and said third
3D vol une dat ?set etrﬂetg%‘fﬂf%?Ig%‘g’ﬁﬁ‘g]f’%(foﬁlgflgln\gal ue range; inserting said
first selected data value at a position corresponding wth said respective
data value in said QuiPpickial MPUbAEyAddsaconfbetéd® o @awNsecdpick waligle Wi t hi n
sai d data val ue range; 1nserting said second sel ected data value at a
position corr depotiti sagedathvalue ds said pespedtive ddtit ealweantuwhich saidisdedut put 3D
vol unme data set for each data val ue outside said data val ue range; and

di spl ayi ng at |RgkiS PBHEORY (i on of said output 3D volume data set. 8. A
program st orage devi ce readabl e by a machi ne enbodyi ng a program of

~instructions exgcut afleanbyod BE ARAN Wheloh REA FOGBITGHARL GhERS A6 shiRyi N

an -17 22 June 2005
second 3D volume data set are comprised of seismic data and said event is a geological

structure.
7. The method of claim 1, further comprising:
selecting a third 3D volume data set representing a third attribute;

comparing each of said data values in at least one of said first 3D
volume data set, said second 3D volume data set, and said third 3D

volume data set with said preselected data value range;

inserting said first selected data value at a position corresponding
with said respective data value in said output 3D volume data set for each

data value within said data value range;

inserting said second selected data value at a position
corresponding with said respective data value in said output 3D volume

data set for each data value outside said data value range; and
displaying at least one section of said output 3D volume data set.

8. A program storage device readable by a machine embodying a program

of instructions executable by the machine to perform method steps of imaging an
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out put 3D volunme data set, the 3D volunme data set includi ngzappkypesity of
voxel s, each voxel defined by a 3D coordi nate and a data val ue, the nethod
conprising: selecting a plurality of spatially coincident 3D vol une data
sets wherein each of said 3D volune data sets is related to at | east one
of a corresponding plurality of attributes; selecting one or nore

sel ect abl eq@iputt Y v@uin@daORD Ad 1 volukie Tk Sot iMhdigS a BlurflNG 0PFoxal, 8adf sai d
plurality of spatially coincident data sets; inserting a first presel ected

dat a val uevexel definsd botiarddd eoqrématsapdadatag/awq thegudtbod esmeisiigre data val ue in
said output 3D volune data set when sai d data val ue neets said one or nore

sel ectable criteria; ,and d| east ction f said output
3D vol une data set. %1€ %H%%Eﬁ@f\éh?gﬁ B@ %BW@@“ ﬁ ‘?lﬁmﬁ]‘g’t 2 §f®rein said
first presel ectgfercfialan (IR 39 voRhAY 88 KOs 3l B o ANKal oAy Pl ural i ty
of attributes. 10. reT he pr ogsr am st or agegﬂev?tge oéf c?a?m ge,a rt

conprising: i neeresporgling eatitbfiatebalegct ed data val ue at a coordi nate
corresponding with said respective data value in said output 3D vol une

data set when said data value neets said one or nore selectable criteria.
11." The program st or ¥lfsting one 1 grore selpenble crifgriar ©F compaHng @dthdnta

presel ect ed dat\%ﬁ%@ﬂ‘fl%né 3r &Sleebtf%g dt ?urgltltg é)\??gétlaﬁg%%{ﬁ%{den at%esal d plurality

of attributes rams arm fein said
plurality of attrlbutes is each rel ated to seismc data. 13. A nethod for

di spl ayi ng an enhancigserBt} val yirg dabel®edd r&tat oalub0apng @brdiapd ural ity of
attributes using a 3D volune data set conprising a plurality of voxels,

-18 22 June 200®trespandingowith smdnpmesilwgd@tadfaha inasaideoutpet ?délmbmpﬁ)m ti oned
sai d et ho rising:

at a 3D locatiop.in.said 3 vol une data set,
cel ecting each %éﬁaeto’%e&e%% A8 malke et i e PRAES SLBEPIEATEal o
displaying at least one section of said output 3D volume data set.

9. The program storage device of claim 8, wherein said first preselected

data value is related to at least one of said plurality of attributes.
10.  The program storage device of claim 9, further comprising:

inserting a second preselected data value at a coordinate
corresponding with said respective data value in said output 3D volume

data set when said data value meets said one or more selectable criteria.

11.  The program storage device of claim 10, wherein said second

preselected data value is related to at least another one of said plurality of attributes.

12.  The program storage device of claim 8, wherein said plurality of

attributes is each related to seismic data.

13. A method for displaying an enhanced 3D volume data set related to one

of a plurality of attributes using a 3D volume data set comprising a plurality of voxels,
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range being related to one of said plurality of attributes;,$¢lecijgg a
conparing each selected data value with said criteria; inserting a

presel ected data value at a position corresponding with said data value in
sai d enhanced 3D volune data set when said data value neets said criteria;
inserting said data value at a position corresponding with said respective

data val el sakfe shlanged (AR Rl HlAusGhonloh (S folibitin Yk up does

not nmeet sard Crrteria, splaying Sectl on of sald enhanced 3D

vol une dat goleifieidatalsed, kdid nithouddothpdishigt ay for inserting a seed pick at a
sel ected event shown in said display; and auto-picking a plurality of data

val ues connected to said see%{g&i ck which have a data value identical to
sai d seed pick data seidctiog sechitavalug withinsedata palvk rangepiasd ddtomalde f or

automatically determ.ning an extent qf sai.d event. 14. A nethod for
rendering a con%g?/g%ﬂ%éeqﬂﬁ‘ﬁw #ﬁ%‘ﬁ&éﬁ%‘h‘é{r"é@ﬁ?@u%% 3D volune data sets,
conprising: selecting a base 3D volune data set, said base 3D vol une data

~set conprising Vpxeéeﬁechﬁ%!%&nﬁm%%&%%&iwé& 8atdNAud widSaiddakiaywer d, said
base dataword being related to a Tirst attribute; selecting a second 3D

vol ume data set, said second 3D volune data set conprising voxels having a
spati al | y coi nci dent insrtinglia ipa¢selevfied lata- iedue2 alposeic@0@fresmadingt witly voxel s in

said second 3D volyne data set based a first preselected data val ue
range; renderi nfgalia?taV&@%S@@Fﬁh@%gﬁéﬁﬂ%’r aﬁaé%ﬁ‘ﬂl%a%l 5P d in sai d
base 3D vol une Mth a first preselected data value related to

sai d second at-tlg’lg%gtsagg\%ﬂ%e%%’sai d respective voxel in said second 3D vol une

inserting said data value at a position corresponding with said
respective data value in said enhanced 3D volume data set when said data

value does not meet said criteria;
displaying at least a section of said enhanced 3D volume data set;

utilizing said display for inserting a seed pick at a selected event

shown in said display; and

auto-picking a plurality of data values connected to said seed pick
which have a data value identical to said seed pick data value at which
said seed pick is positioned for automatically determining an extent of said

- event.

14. A method for rendering a combo volume derived from a plurality of 3D

volume data sets, comprising:

selecting a base 3D volume data set, said base 3D volume data set
comprising voxels having a 3D coordinate and a base dataword, said base

dataword being related to a first attribute;

selecting a second 3D volume data set, said second 3D volume

data set comprising voxels having a spatially coincident coordinate with
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data set is within said first presel ected data val ue range; 2a0ghé2®B! ayi ng
at least a portion of said conbo volune. 15. The nethod of claim 14,
further conprising: positioning a seed pick on an event using said display,
and identifying points connected to said seed pick which have the sane
dataword as said seed pick. 16. The nethod of claim 15, wherein said event
i s a geol ogi cal st r usdlectieg vodéls inlénid seebiddDolohahadarn i, babetl g firgonpri si ng:
selecting a third 3D volune data set, said third 3D vol une data set
conpri si ng voxePssslesied¢ptavalperange) y coi nci dent coordinate with respect to
sai d base 3D volune data set and a third dataword related to a third

attribute; selectin b i i olunme.dat a t based on a
second presel ect edgﬁé?@\%ﬁ%@#@hﬁé’?ﬁrﬂgﬁb&gﬁp 4y % sraéqeﬁgsg&fag%% ol ume by
repl aci ng sai d £abbasdBIRWSIAe dath SRNKKIAERL ﬁ@sél@dtw@atg%ﬁe%atate\i@t% h a second

presel ected data value related to said third attribute when sai
respective voxetaid secerd eftrithvite wha@Dsaid odspentivel avxel sesaid seonitl BDnvedamne second

presel ected data val ue range;, and displayjng at |east a portion of said
revi sed conbo v‘%%??é.‘s W‘-@B%Q‘é t%ﬁr@esffﬁ?‘\?% df@‘."”%ﬁéaﬁg%ﬁﬁ‘él of claimi17,
wherein said first attribute, said second attribute, and said third

attribute are each rghal Qgﬁﬂe&?h?g}tgm%tsﬁfio&&bo‘%’oﬁ%{émd for combining a

plurality of 3D volune data sets single outp 3D vol unme data set,
each 3D vol une data set conprising a plurality of voxels, each voxel
conpri sing a dak% vdlhesmethdd bfclaign paSuttherempeiting: 3D | ocation in a
respective 3D volune data set, said nethod conprising the steps of:

selecting a first 3D vp] une dat(? .Sﬁt; sel ecting a second 3D vol une data
set: positioning a seed pick on an event using said display, and

identifying points connected to said seed pick which have the same

dataword as said seed pick.
16.  The method of claim 15, wherein said event is a geological structure.
17.  The method of claim 14, further comprising:

selecting a third 3D volume data set, said third 3D volume data set
comprising voxels having a spatially coincident coordinate with respect to
said base 3D volume data set and a third dataword related to a third

attribute;

selecting voxels in said third 3D volume data set based on a second

preselected data value range;

rendering a revised combo volume by replacing said base dataword
in said base 3D volume data set with a second preselected data value
related to said third attribute when said respective voxel in said third 3D

volume data set is within said second preselected data value range; and

displaying at least a portion of said revised combo volume.
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conparing each of said data values in at |east one of said j_@% 6& vol une
data set and said second 3D volune data set with a presel ecte gfa a val ue
range; inserting at |east one of a preselected data value at a position
corresponding with said respective data value in said output 3D vol une
data set for each conpared data value that is within said data range val ue,

and another pregel eched Jal X?lc?%ﬁ?ﬁ%%v@gfehﬁngsg Fivaia) ﬁﬂﬁgégi&% Weldhgsal d

respective data value in sard ou ata set each conpar ed

data val uetfribate, irid et thivdtaftiiBuakdleadB réatéddRimAadata. and di spl ayi ng at
| east one section of said output 3D volune data set. 20. The nethod of

Claim 19, wherein said preselected data value and said another preselected
data val ue are Kach 4 archastifor sombinings pluspléy of 38 voluse deta sdthin @ siagle a

d attrib 1. T thad. af claim 19 wherei id | ect ed dat
val ue. i o i PDuroTting KBl 7 <A aPowTutk Btk S e ARU T R ef e of -
id first hy _ C
W Uh N heay S SRR, B8 yIRC nd Bl PERATRI A el 2 AReRY 1S
anot her prisedleniceldtadat, aaidahetod ompridanithe sepd of: sai d conpar ed data val ue

fromsaid at |east one of said first 3D volune data set and said second 3D
vol ume data set t hatsclestinga figgt R volumedaiaset; val ue range. 23. The nethod of

Claim19, further conprjsing th teps_of- -21 22 June 2005 23. The net hod
R i F SR RSB ia i

of Claim19, further inserting a seed pick in said

di splay for determ %ﬂﬂ)aﬁigg BYHYT safl @it£daluss A ANYERL 64¢ of RAEARIBNA, said
seed pick being positioned at a respective data val ue position wusing said

di'splay; and autobup: diktarsgt ahd saddtsecond IR yohomnéats edt with saprédsadentatl pi ck whi ch
have the sane data value as said respective data value at which said seed
pick is positi Slatayalue range;

inserting at least one of a preselected data value at a position
corresponding with said respective data value in said output 3D volume
data set for each compared data value that is within said data range value,
and another preselected data value at a position corresponding with said
respective data value in said output 3D volume data set for each compared
data value that is not within said data value range; and

displaying at least one section of said output 3D volume data set.

20.  The method of Claim 19, wherein said preselected data value and said
another preselected data value are each related to at least one of a first attribute and a

~ second attribute.

21.  The method of claim 19, wherein said preselected data value is identical
to said compared data value from said at least one of said first 3D volume data set and

said second 3D volume data set that is within the data value range.

22.  The method of claim 19, wherein said another preselected data value is
identical to said compared data value from said at least one of said first 3D volume data

set and said second 3D volume data set that is not within the data value range.

23.  The method of Claim 19, further comprising the steps of:
=21 -




24. A program storage device readable by a nmachi ne enbodyi ngp padero@gsam of
instructions executable by the nmachine to perform nethod steps of inaging
-an output 3D volune data set, the output 3D volune data set conprising a
plurality of voxels, each voxel conprising a 3D coordinate and a data

val ue, the nmethod conprising the steps of: selecting a 3D vol une data set,
the 3D vol une dad.a SThe meilBd oSl 19, Rirthepbdrhprisis He¥RpSer: €ach voxel
conprising a 3D coordinate and a data value; conparing each of said data
val ues i n wadrting Dsewl pickeindwiddisgiay frtdeterminpng se bent edated id £physical nserti ng
at | east one of a presel CHtFiﬂd data val ue at a coordi nate corresponding

with sai d PRECPEER saidysee bng positipredodf 3 tesPaty ve dlatmkalug Resitigkt for each
conpar ed : neets said preselected criteria, and another
presel ect g%tl@a%ﬁgdgﬁg?%g’a%? a coordi nate corresponding with said respective
data value in said oatgppickidld sbldureviladsacaticcttd o arihseanpiok ashicklat a val ue
that does not neet said preselected criteria; and displaying at | east one
section of sai draygtthesansDiafeveite ag aaid respectiveslataadup atoghishnssidaeedie devi ce
~of ~claim 24, wherein s:%lj d presel ected data value and said anot her

presel ect ed dat 2K RS 1Qf;lﬁ‘zeeach related to at |east one of a plurality of
attributes. 26. The program storage device of claim?24, wherein said
presel ected datzf vahyrogdremist@iid dcelr@adiBieth w2 Madhiad eddbayiMalayRodra@m sai d
3D volune data set that neets said criteria. -22- - ------- -- e eee---
22 June 20@5instpgetionh expeugiila by sthe rmaghingets perforin oiethiod staps whémeging sai d

' om sai & o SEnaR R Sa B GblCR \limd Bk Sl BRIEE piftefly ' ©

voxels, each voxel comprising a 3D coordinate and a data value, the method

comprising the steps of:

selecting a 3D volume data set, the 3D volume data set comprising
a plurality of voxels, each voxel comprising a 3D coordinate and a data
value;

comparing each of said data values in said 3D volume data set with
a preselected criteria;

inserting at least one of a preselected data value at a coordinate
corresponding with said respective data value in said output 3D volume
data set for each compared data value that meets said preselected criteria,
and another preselected data value at a coordinate corresponding with said
respective data value in said output 3D volume data set for each compared
data value that does not meet said preselected criteria; and

displaying at least one section of said output 3D volume data set.

- 25, The program storage device of claim 24, wherein said preselected data
value and said another preselected data value are each related to at least one of a

plurality of attributes.

26.  The program storage device of claim 24, wherein said preselected data
value is identical to said compared data value from said 3D volume data set that meets

said criteria.
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. 28, further co

28. A nethod for displaying an enhanced 3D vol une data set jghale@got0 one
of a plurality of attributes using a 3D volune data set conprising a
plurality of voxels, each voxel conprising a data val ue and bei ng
positioned at a 3D location in said 3D volune data set, said nethod
conprising the steps of: conparing each data value from said 3D vol une data
set with a presgl ectied pladramyV aloigze’ WediRe bNSBiiknl 79, AvhdrEAS kajdnan@herd
presel ected data value at a position corresponding with said respective
dat a val uePteielesindddats Halne é‘é}llém%lt@l reid qmnaresledatd yalue from saidpd? edluenst a

val ue tha1¢k§S&WmQh&$§%igwga%, &%&%? range, and another presel ected data
val ue at a position corresponding wth said respective data value in said
enhanced 3D vol une data set for each conpared data value that is not
wi'thin sai d dat2s.val Aenetlasigfer dizphiyitipsinl @yibmgd 3D Velase dataseeidlaed f ormai d

enhanced 3D, vol une data_set. 29. The method of claim 28, wherein said
presel ect & %ﬂél?laﬂl%?f MHE?S dging a 3D yelveie dtacseh compasing apurglily o vaxelseach

related t - Of |1 " ri . - T, t hod of
o m 26, oo YeFAor¥RSing o At Yol uh el iasitioRbd bl BAP Ryl n' 4 3B
conpar ed daileme ditasctf sabdmethiod c3hprising the: deisafset that is within said data
value range. 31. The nethod of _.claim 28, wherein said another preselected
data value is i dentSOBMRIRg each datg yamsrEem fatdad ) afolme def sebithad vol une
data set that isgefliWidaflivilucidhgh;data value range. 32. The nethod of claim

r%risi ng the steps of: utilizing said display for inserting a
seed pick at a sel edhedimy ehleasts hmevofianpmeaticeted slptaayaluand a- g&sit2éh June 2005
auto-picking a plurality aof data values connected. to said seed pick which
have h dat & val GEeTaEbCRM 4 Caperive #ape TR coPee 30 ol

data set for each compared data value that is within said data value range,

and another preselected data value at a position corresponding with said
respective data value in said enhanced 3D volume data set for each
compared data value that is not within said data value range; and

displaying at least a section of said enhanced 3D volume data set.

29.  The method of claim 28, wherein said preselected data value and said
another preselected data value are each related to at least one of said plurality of

attributes.

30.  The method of claim 28, wherein said preselected data value is identical
to said compared data value from said 3D volume data set that is within said data value

range.

31.  The method of claim 28, wherein said another preselected data value is
- identical to said compared data value from said 3D volume data set that is not within

said data value range.

32.  The method of claim 28, further comprising the steps of:
utilizing said display for inserting a seed pick at a selected event

shown in said display; and
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said seed pick is positioned for automatically determ ni ng zZnngxteps of
said event. 33. A program storage device readable by a nmachi ne enbodying a
program of instructions executable by the machine to perform nethod steps
of conmbining a plurality of 3D volune data set in a single output 3D

vol ume data set, each 3D volune data set conprising a plurality of voxels,
each voxel conpri si regptapathing Maihtaﬁt;amﬁddmivaiges @omitted neshidiseed Bk | ocat i on

in the respective 3D volu sai d. net hod onprjsin e steps of:
selecting a firdt %Ba%ﬁdﬁgl 8"31‘%11‘@38{1031 tQ spidotert) ick é@%&ﬁ € Q’Y}BT’ me data
set, -conparing GRCde@bickdd ﬁbsﬂﬁ;@dY&Jdﬁﬁﬁndtﬁaﬁ d&tE@ihin@N@ fentst i i rst 3D
vol unme data set and said second 3D volune data set with a preselected data

val ue range; ingentti ng at | east one of a preselected data value at a
position corresponding wth said respective data val ue in sai d out put 3D

volume data s for, each conpare at a e that,.is i.n said d

val ue range, g’?d an‘%PﬁoérmBrS@ (getvécﬁr E‘Je\%i' %glaﬁlﬂmﬁe g W‘%ﬁpmgmm

cor r espondifiigstctibns ax&umb&sg»ﬁ%d ¥RcKAE do RHBEN IMetAéd dtefd 0P WomBkhil® laUMe
data set for each conpared ata value that is not within said data val ue

range; ancp ’éﬁabb’l @ﬁmwlameld@t@sﬁet oresisgletoutput 3D vodirde dataset; eaD Advoiwmedat a
set. dap [am st ofa resel ect ed

Gotn var L RO A2 BLAGR S EGs. Shot el bt A 5B ARl a B ERE oLt

one of a poskivhedlat rd Bt @o@ﬂdn ansm@olreﬂ;];e%hvé 130 v lund® - dat QetP <@l AidBEOr age
device of claim33, wherein said preselected data value is identical to

sai d corrpélowﬁéla‘gé HPRPOF rom sai d at | east one of said first 3D vol une

data set and said second SDﬁv%Bmaldatgtgett that is within said data value
range. -24 22 June 26G5MREaHIStID Volume data s

selecting a second 3D volume data set;

comparing each of said data values in at least one of said first 3D
volume data set and said second 3D volume data set with a preselected
data value range;

inserting at least one of a preselected data value at a position
corresponding with said respective data value in said output 3D volume
data set for each compared data value that is within said data value range,
and another preselected data value at a position corresponding with said
respective data value in said output 3D volume data set for each compared
data value that is not within said data value range; and

displaying at least one section of said output 3D volume data set.

34.  The program storage device of Claim 33, wherein said preselected
data value and said another preselected data value are related to at least one of a

first attribute and a second attribute.

35.  The program storage device of claim 33, wherein said preselected data
value is identical to said compared data value from said at least one of said first 3D
volume data set and said second 3D volume data set that is within said data value

range.
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36. The program storage device of claim 33, wherein said an2t heic 2005

presel ected data value is identical to said conpared data value fromsaid
at |east one of said first 3D volune data set and said second 3D vol une
data set that is not within said data value range. 37. The program storage
device of claim33, further conprising the steps of: inserting a seed pick

in said displayid or Tet erogramngoadpee\denice &£ cdigd 330 ®h@binsisaid apsasonmena,
said seed pick being positioned at a respective data val ue position using

sai d di splmyselastad data valps iskdengical tp saidtcempatededatpvaiee fron saisl atdeast erseef pi ck
\p,)\l?icﬁhi gav Ss(%qt ﬁﬁ%&%@ an%lu?%(?ata\{ sae!t and 34id Ssgciogd r?)?)s\}/)oelgltnie \(/igtadsgtt fhat'is Ingte mat'funvs\:g{dc h seed
data value range.
37.  The program storage device of claim 33, further comprising the steps of:
inserting a seed pick in said display for determining an event
‘related to a physical phenomena, said sced pick being positioned at a
respective data value position using said display; and
auto-picking all data value connected to said seed pick which have
the same data value as said respective data value at which seed pick is

positioned.
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