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sets. More particularly, the present invention relates to inproved inaging
RELATED ART
Many fields of endeavor require the analysis and imaging of 3D volume data sets.

15  Forexample, inthe medical field, a computerized axial tomography (“CAT™) scanner or
a magnetic resonance imaging (“MRI”) device is used to produce a picture or diagnostic
image of some part of a patient's body. The scanner or MRI device generates a 3D
‘volume data set that needs to be imaged or displayed so that medical personnel can
analyze the image and form a diagnosis.

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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dat aval ue aithinahé 256ehts ¥aluy ranbh fbsidridiplay Whith ciuses S eambAR intacoRage. A 3D
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Exanpl es ofyafpiemiycal data values include anplitude, phase, frequency,

and senbl ance.” Different data val ues are stored in
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.




different 3D volune data sets, wherein each 3D vol une data §$§ur[e%'b sents a
different data value. In order to analyze certain geol ogical "structures
referred to as "events”, 10 information fromdifferent 3D volune data sets
~nmust be interpreted and then used to analyze different events. One
conventional nethod of displaying nultiple 3D volune data sets requires
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~data sets.

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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vol une data sets using a base 3D volune data set scal ed acrgf SoRoi nt's,
wherein select data values fromthe one or nore 3D volune data sets nay be
inserted into the base 3D volune data set w thout changing the scaling of
t he base 3D vol une data set. An advantage of the present invention is

I nproved resolution of selected events. Another advantage of the present
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sel ecting set representing a second attribute, and
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conparing ea ueS'in at least one of the first 3D vol une

data set and tHEhesReDsecdd dupd vdlBe aalybeSelatedith theafirspipstale ai®thedabendval ue
range. For each data value where the criteria are nmet, the nethod further
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' A computer and software program are preferably used for identifying or “auto-picking”
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




criteria are not met, the method further conprises inserting g, seggand

sel ected data value at a position corresponding with the respective data
value in the output 3D volunme data set. The nethod displays at |east one
section of the output 3D volune data set. The nethod nmay include selecting
a data value by inserting a seed pick in the display for visualizing and
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positioned at a 3D location in said 3D volune data set, said
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-




met hod conprising: selecting each data value within a data ¥ajle-pgnge,
said data value range being related to one of said plurality o
attributes; selecting a conparing each selected data value with said
criteria; inserting a preselected data value at a position correspondi ng
with said data value in said enhanced 3D vol une data set when sai d data
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wWith respect to said base 3D volune data set and a second dataword rel ated

to a secorfgt &meaqmpmaredscblteemlum@aw;aen within sgidi ddtsedonungd and displaytigt a set
based on a first pr at | ue ran e; rendering said conbo vol une
by repl aciH{Fasting B @w&%’ V - 3D vol une data set with a
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respective voxel in sald second vol une data set is wthin'sad f| rst
pr esel ect quogramasterageidevian gadabladbydi spichine rgibatlyingas programo of imstructionsai d
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in at |easjoxl8Cedh WwRbAcdfring3®P3D 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

ata posmon correspondmg with said respective data value in said enhanced 3D volume
-4b -




vol ume data set and said second 3D volume data set with a pj¢ I%?ged dat a
val ue range; inserting at |east one of a presel ected data val ue 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 preselected data value at a position
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data value in said output 3D volune data set for each conpared data val ue
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data val USel AP 95ch &%a?éao&a&%alue 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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presel ected data value at a position corresponding with saingu%%gﬁggi ve
data value in said enhanced 3D volune data set for each cofipared data
value that is not within said data value range; and displaying at |east a
secti on,0of i d. enhanced 3D vol une data set. Accordi er aspect of
the pre en(’tﬁ'?]!r‘f%ention, there is provided a program srﬁ%é@ﬁg’y’gge& ce readabl e
by a machi ne enbodyi ng a program of instructions executable by the machine
t o per f or neavht dated valte pathahe ettt nil heacriddriar @k inhey, hén MR methbdifmiidat a set in
a single output 3D volunme_data set, each 3D vo|lune data set . conprising a
plurality sqmm%w?me&@_rﬁrm&ct rYalerR 2aPosHion coHPIReniig Wi |
posi t i 0ned;ihechveied A B8 clifinldSDNRARRKalaLE:, B liMBrliRl Roidibn S

np of :

met hod co I Sing the steps selecting a first 3D volune data set;
sel ecting theswtiprddotprises havingthe dota valed ynchagpdinitregenbanced 37 valumeldatat a val ues

in at. | geast one, of said first 3D .valunme data set.an aid seco 3D vol une
data seb wtth AdnaErems B iMaUnE AhfeE o il o) Tt Eel one of a
presel ect edoldak dath 3tUR]eBlinga R@SValde® iRRFHNG AREAG dkdn Wietdisplay Mdrd ab@spect i ve

data value in said output 3D volume data set for each conpared data val ue

that is wi piskingaaleralisitof detavalues congesieddn dhesgsed pick whichdweyer dete valie a val ue at
a positio | .t said respective data value in said output 3D
vol unme dat gleﬁgé%ﬁgé{%g{éhg%%\ggﬁr‘%ar ed data value that is not within said data
val ue range; anthadbthleapodighentaif the prRsdnt DRetidRCinetivddl provdded fautiqatihe 3D vol une
data set. In a preferred enbodinent, the first 3D volune data set and the

second18D agembingd Rvdugedatasstderivedinm gultpls 3yl efasp setpn Bharmethedl al so
permts ad@%&rﬁ%ﬁée&e@%ﬁ %’%E%I?v@%ﬁdﬁaé&%?wﬁ&eﬂ%e%mm&t& Jéf’%x ore, may

i ncl ude pro ata set representing a third
attri but e, canptise datpaaiveshasmgla 30X cobtdinattednd abasadataword elleibasealptiwosd a second

resel ected data. val ue range. |Ip another odi nent, of th resent
!th'e_nt i on, M4H Pé%ﬁ'ﬁﬁ]gg?? rg%te@&p&ﬂgsha@abuéeet iﬁ&@P@H&dt&eomﬁﬁ%fB‘gmﬁmﬁf urality of
at tri but es siinyinHE sdédffinted- Minstifiinh AR LA at Mo IREShe SoblETPHmS @t ct ed

events. In this enbodi ment, the method includes identifying each data val ue
from al3D wamapreomdpriss dste valusibeving esnatialiymomcilenzpondmateavithatspedt buthe.  An

g TR NERE R e O

PCT/ USO1/ OBg#hér 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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each data value with the criteria. If the criteria are net, >4 RgRobbe net hod
further “@)qimr' s inserting a first selected data val ue Lrion
correspon |n96%/‘\nt§?h the respective data value in the enhgg:é‘/e'%(]fj%aéol une
data set. If the criteria are not net, then the nmethod conprises |eaving
the data vabasdenatsacopdiréseletied detalvaiue exhgd Br wiiketinelf dat secdndseierialdielivet, onal
steps may i at | east sectjon of the enhanced 3D vol une

ot rigebd ate :
data set, s&8ctegetiog afP PRI TRRIaFIPE e bass datapprd at they Frspestispl ay,
and aut 0- Ph&dhidicdn MeHadd 31 Yoltfnedaha eSHN LCk
whi ch have a data vgl Seaali (Penct)ll cal %{aoet*ﬁg%@% t efeg{eeggla%i 3&3??1%%;%00 er
enbodi ment 8fird #itpite sHithe isecoad toritania sae not met] then fhe andthietifif-her cormptisesg 10
a conbi ngd 3D yol data se erived frompultiple 3D yolume _data sets.
The net hbd e@&%?ﬁ%ﬁ@e 3@%@8{4%@'@ tBé‘?eéfgﬁtV@I?‘Jltﬁ?éﬂWa’?@eﬁ‘éYe spEliegtainthe pase
3D vol ume dgi 3Fe{oliRY dafQEPhidch t [{ﬁgm; r.di nd a
base dat aword. Theobaseadat a\/\or%]é&ra}agn%?géffer% y be ?%?@F?g&taghg&%ﬁlgt
attribute. #etohd atmiaiie,yandtheethind atidbute argeach edated & @idiiadata. second t hree-
di mensi onal vol une data set where the second 3D vol une data 15 set nay
conprise data values having a spatially coincident coordinate with respect
-to the basg d{g‘pr Rfmgssecond dataword related to a second
attribute. The nllyaﬁo ﬁtr(%hlgfélc):onprl SSZS rendering a conbined 3D vol une
dat a sell by sel eF1d.Agisdat Howaldiagsam nillustnetiige one dedbbdisletinfer dat a set based

on a presel ected data.vaﬂe]gle range or criteria. If the criteria are net,
then the nethod furt hERPEHRYMEIEE PRSP 4YeHEO%he base dataword at a 20

respective coordgpabe;d o ‘\_Aq' I sel ected data
value related tot elssaeg%érﬁatgﬁﬁggf%&ﬁ#{ﬁ?%Zatﬁ?%ll&#épl a gl?g not net, then

t he met hod conprises typlal sedsohiberachasia dins a0 6r vodlet ed to the first
attribute at the_respective coordinate in the base 3D volune data set
unchanged. Af t er F¥G-dalsi hgchematie gigyy ildustrating gn examplet of ssismic t he net hod may

furtherygonprise disp s t . ion of t c { ned 3D vol unme
dat a se1t§25 and posi t%ug f.“%gegé‘%{éag‘g%&l‘%&ﬁg%‘}%ﬁ’e@%‘ﬁfﬁ%&ﬁgﬁ he display. In
one enbodi ment of the(ani siyigrtit dita vahr) eéNin bSodiaRE U000V Structure.

Continuing in this manner, additional method steps may include selecting a
third 3D volume dat abis®gamtiere the third 3D vol une data set may i ncl ude

dat a val ues havi a. Laldy.coinci dent, coordinate with respect to the
base 3D vol une dg zi451(§t$“l ggﬁeﬁ%cﬁﬁ%ﬁ%ﬂ%ﬁ%ﬁl&% r%OP%J%EWGF%aa third
attribute. The met hodpdadie saiRel ﬁﬁge)rM@%@QOﬁ.eglﬁﬁhﬁgddatézonbi ned 3D

vol une data set by selecting data values in the third 3D vol une data set
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.

-6-




-5 22 June 2005 WD 02/061463 PCT/ US01/03227 based on a secpng .phags! ect ed
data value range or criteria. |If the second criteria are net, tI%en t he
met hod fWPRE$I46bnpri ses repl acing the base dataword at FREUSEKERREL | ve
coordinate in the base 3D volune data set with a second sel ected data val ue

related to the tH ' ' ' met, then
the nmethod frt her%@?@@‘ﬁﬁgﬁﬂwﬁﬁﬁywﬁoﬁoﬁﬁﬁ% to the
first attribute at the respective coordinate in the base 3D volune data
set unchanged. In a preferred enbodinent, the first attribute, the second
attribute, QVERVES¥third attribute are each related to seisnic data. BRI EF
DESCRI PTI ON OF T, K ' fds ' L14)s ' ne
enbodi nent for E%%%? eéﬁnéggﬁ{@eﬁJ%&%%gi%&ﬂﬂﬁ&lﬁéagé%c er‘fgrat iC
vi ew i | laist staiibutg ihtven dinglatonbimbd pitiRitveeng ortCtpiteaVolaties fh ené atepland a
data value or voxel; FIG 3 is a schematic viewillustrating an exanple of

sei ﬁm c 1gre&mﬂ tql selemiradtiripgsuwithigi 4 8P dolpaglath setniiin i3 perommlishet by (an
Schemati o viehel BBt st iR LSPRRLT A RS o8 BT e, o

- phase) evensDaotntdatesep)ovidi agitedatiaa valde Eatlussin Fbibseidmicsnakadanrahied Vi ew
illustrating seed picks, for auto pickin all ,connected points within a
defined dat @afdenetesregrigin valyssof other gpafially ropmsideat sqiapiciatrifyterdata wajues.

resul ti g L.ne -Qhck . eSS4 (3 1.1

Il lustra eségﬁlgg)evr%%g%éneh%tqu@%%fa ?ﬂtfm;ﬁ?re%&%%%ﬁ%%&o?&kg@s grznﬁ?‘a‘,raéﬁ% ]Eaesgﬁlur e
for i.npl emegitoarkbREERLBAIRShighlightin theaitiliiMIfiCotbo Wolphmesfortseimnintstpietng Wi | |
be described in connection wth presently preferred enbodinments, it wll
be under st otsdsnaig detajinclnde spigmic amphithse/insgantanepys phase CamwbaV dwmes for auto-

tracking low amplitude discontinuous events. By events it is meant geobodies, such as

geological structures depicted by the seismic data. In another example, seismic
15 amplitude/semblance Combo Volumes may be used for stopping the autotracker at
geologic discontinuities such as faults or other geologic boundaries. In yet another
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
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30 to those enbodinents. On the contrary, it is intended to)CANER8S !

al ternaty difications, and equivalents included wth.n the spirit of
the i nvepitgmeme " “T 10T 22 June- 2005 W0 02/ 0614E5T &01/ 03227
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS OVERVI EW

- Conbi nat i ongeihtiPe Thé "detaadue\st tHier€sinbo WV sluie €V dbpoiaOP i theNdeRBRiRH ag0re 5
attributes into_a single conbined attribute volunme or Conbo Vol une. |In one
exanpl e r egeedlytiusitateshinstes d4i Muandst8ni t hin a 3D vol ume data set, this is

acconpl i shed by ,repl agi. [tai t ( tywi,cal Ly. havi ng .

possi bl e val ues }nnﬁgp géilg%{e?%me%b‘gﬁeﬁer%’ﬁum’ @the? - Wﬁfgﬁlﬁgher
data val ue éritefill fosinefAnée, RhkthePihess datd Wil ar<haitlain waketedpecifib@tande BOUAS
certain values of other spatially coincident seismc afttribute data val ues.

10 Conbo® Vovaluesswhiclemey e s¢lagted fon seduaf @k Se¥@hrsi ng VileNp dsfillnsteatesdnof

voxel - based rs. S hghlighting.the utjli nbo
Vol unes forﬂ?égé’ﬁ}r}vlg;?g’r'pf’ é’ﬁ( ﬁgg&gl&‘@ %g%{hgé' [ “r%&%%glglég’gvgmé@%fvgﬁ set;
anpl i tude/ i fgitinaseohe shadfa CalIbes Wohkipone Pl Othe uldd-spbdiBsdkddtavaloW can
anplitude di scontinuous events. By events it is neant geobodies, such as

geol ogi cal ke vsgd:andata Widyss taken fog anye ! dhsi hveumadata sets attho réspectise popite,

seisnmc 15 lLi,tude/ se ance . S e ed, for, st [ t he
aut ot ra_ckerﬁgguldég&ig gi%bs&o%&%ﬂﬁgﬁgﬁch%ﬁ%m%%?c ?ﬂ%&ﬁ%@g‘gogi C
boundarjges. ddtflviiaé ofWOLib 8t at £ ¥FIRDELIfiEEINEKeE dAAPALS HdElsirBalca Rt BREOEe

frequency Conbo Vol unes may be used for highlighting particul ar geol ogic

f eat ures asatbipievsduaes¥Ss¥Wilcall¥N. dsiidicatedanistep 20, thocriterip emkhananpliedr

| t t h. t. i al i | ti d
20 dovel opr@rPeHRFaTh o) \guerogh ReL fa et yofins, e Ruiei Pl B oot
di spl ays, %ﬁeraﬁﬁ% grol%%éé!ié IR A B HEH) blicedf Sl idR P Tidiibb ?%i&%%mag now

e
to FIG 1, a net I n accord with the present invention is
i || ust r at edbd displdgecamindicagdtbystapd2a A atadepiclasayp ticatbedhosenframeatisuallpr

creating an_out vol u dat a set. kno 0] hose of skill jn the art,
o Voxel [ onfiReeetbleevsR) A TNl Bomiealed GO Rrihaiosrmme A Vilte s gbaresd o
256-val ue dghR Wb automafical B iaiHdd AR Hcatdd bySthE Pavk-pick™ process in step 24.

This method quickly and accurately defines the extent of an event such as a geological

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,




the data values VS, VI, ... , VN for each spatially coinci at
the sanme_ coordi nate or point P are determ ned where VS d?%%un}é%bb‘ﬁﬁ

val ue of WQP28¢1461 nal 30 seismic volune at a point P, VIF QJSB’é‘WWe data
val ue of attribute volume 1 (VOL 1) at point P, and so forth such that VN
i s the data val ugqgihepbhbhdies: o CHRbINVENMR cwmﬁﬁlg ot beRRiIHARIGEOata IO
02/ 061463 PCT/ US01/ 03227 point P. The data value o he Conbo” Vol unme (VO
at point P sl his@ntademwrphaﬁedams:andmmnaﬂnwed to ctﬂ'lanest’ém ahﬁitsttep&tollzapk 16 and

18. | t 1 det d th t hi
user - ngcie1Ico er c‘iefslfé? |e§e§tg 0 ?’er’l’éﬁt %‘?%umg%?ﬁgﬁ? Ilfeg‘éﬁ‘é?ét go‘gaﬁh\émesf IB:IQ%

within a US%pﬁﬂ%ﬁ&ﬂith%ﬁﬁné%ﬁ%n%nﬂ%e%ocﬁ T&é 1AL Y 31H vBllﬁné’dd@@se‘i ﬁhﬁﬁ\%ed fo
r each of VOL'S, N. As illustrated in step 1 | f

..., VNSio mstantaneoummerﬂatzh\aalm aogespondingdo eachscidmiaamplitude datav@uas»r set ;

f or |nstance o .,the .sa data val VS at po P. O her user eC|f|ed
dat a val yos ViR ABESITEN 6D GRce D8RSR PIRPOTAI TGS FHeD %Bivﬁ?ume_
data sets aﬁse&ﬁﬁea’iﬁ&?@a@é ‘véﬂﬁe BPbx'i't%mPIfQHé'ithaﬁﬁn hadlda8OINE ish@nnd 8, i f

VS, Vi, .. l1Te wth he criteria, then the 10 data value of VCis
set at a usantesgeh&nfthmtcﬂatmwa&wm teplased il thenewhEombs Violime withaosarspedified he
attribute voluynes VS,. V e 0 VN I ndi.cated,in ste the. criteria
e then: apBRERdaty galus s intgicops Rhase GAE A net P SpRTR BociHEE D8k une. ¢ o
be prodys edinaf NSyl if the iRw Corabd V&uﬁfe@ﬁ%ﬁﬁcécﬁmﬂﬁﬁ@b&&@s oﬁdlﬁéﬁitﬁd;ﬂé‘daﬁ' I ce
or other view of the Conbo Volunme may be di splayed as indicated by step
22. A seed mlukfrnnwtheBBWOEmn@d&tseﬁréprcsm’ang/smlclamphﬁldm scernabl e event and

th I ed,th dat I d k
w1 Do aut ot Hsre e Bl s P ek i B Peuery R e A s S b5 i
step 24. Bérfsldeﬁhg%gamy%iﬂmﬁﬂda&%ﬁta@mgej BLES,Z, faﬁd@@, 3, vHer@) event

such as a geologic structure. The extent the evént could then be
di spl ayed f data solaingdd&,ypn)ds confeupedesdolloms: One enbodi rrent of a Corrbo Vol unme

Sart bolhar s Hes v se AR bhe ko sotba Rl fodld St oS

different attri b«FFEt dgpy,%s]_gmiﬁmwseigc&gtﬁmmsel sm c anplitude and
u

I nst ant aneous anp | ment of a Conbo VOl ume used to detect
and displ ay sal ELEBUNgan3)esanother balueonf i gur ed usi ng conventi onal net hods
to determine the instantaneous anplitude attribute (1A of the seismc
anplitude data (SA) and the

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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25 i nstantaneous frequency of the instantaneous anplitude aiztfan%@S(l FI A) .
Accor di n‘% a new salt detection (SD) Conbo Vol une may be con ured
fol | ows: WOH206463 FI A(x,y,z) s 2 AND al s SA(x,y,z) s a2PCTASREHE3 @x Y, z) =
vl, ELSE SD(x,y,z) = 1A(X,y,z). 30 The values of fl, f2, al, a2, and vl are
user sel ectgd auto'tl%clgeg' td H{yﬁ e@ﬂ‘gces\/@e%/aﬁél%ilﬁgbﬂ?)%sU%’i@%eﬂﬂﬂ@%ﬂ?ﬁe
enbodi nent of a Conb une consisting of seismc anplitude data and

i nst ant aneoamahp&&emyd;apeeoféﬁ)rvob&e:@%&et umsrmt phaseeialtm@staraelsacbmlrﬁﬁe;enn@

autotrack an sel m ¢ eve s pha data lS rived
From t ho. s efodh Btloxts Atntorar e stbiiged S SEkARGTE seh o RBiat Gt is
~a 3D vol umessiadia, §ﬁhe§“ﬁ\é'n®b@sé1ﬁﬁfc@éh%ﬁﬁh'§wﬁﬁ%§ﬁk&%ﬁaﬁm‘é@]ﬁdﬂﬁﬁz e&@ddia&&i)ond' ng
to each seismc anplitude data value or voxel. At each and every voxel,

the instiant witbouch @itagedafavaiussal ue is corrpar ed to a user-specified dat a
value or criteri l,f the |nstant data val ug satisfies the
oriter s then t Riardtbatepld tthatpd 3BToBREE Gt it Fentrebina b st ch o
user - speci f j e oFREIETaIAG A %&btéﬁ ardiindt 118 thAkShaRt FEROMISsE aGevalad. aFyal ue
does not satiSfy the criteria, then 10 that data value in the new Conbo

Vol une is rmpﬂaawWIMnuhng hpemmbmmchlﬂﬁomd}théSHdlwe a peskyeould e ddte 3D
| dat t I t h 3D,
ot set o cuttinef FELE Polknintiane: fiRhhpd ou S5iuF 1000 Fadh Al vabe TRl Ry

spatial {ty cQiipmkdeRisetabild YO tddiB and¥ny %xél)shaﬁhé aXlafval@iA tHid shnye &1)1}' bwher ein

data volume D(x,y,z) is configured as fol 15 IF al s A(X,V,z) :g a2

ANDY OR bl sreBéfined with 8 ubd-sedfedrdati vaét@(su,clyﬁajz’k As MustrateBinn B, 54azs)=:e¢- sone
specific user sel ect ed data val ue LSE D(x, = _anof her v Ref erring
now to FI G Pigk 3grpick may; them bfivisully \RE%H"%%% aﬂs%lﬁﬂl‘%‘iﬁﬁenﬁr a‘JtéO%‘Q“tgﬁd 20

a plurality %é@-lc t sur ed
at a pr ede%églffﬁ\{n % #/’%]Pé}h?ong %ﬁiér@ccgs%%uﬂ? %?gglggﬁe%?ggée a 3D
r epr esent at iheBeedpickBRwiiliin 4 iahgs déﬂﬂedby ﬁﬁupﬁer beurriaiy34 dndadowé bobdarg 86 s c

data purposes, the voxel may typi caIIy have 256 possihle dat? val yes whi ch
may be 1;; bethatwouldsithssinglude pp gkeluderthat dags value as more particularly illusirated 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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a data value range determ ned by the type of data being usesh jlheqggasur ed
dat a valwﬁ)s 0%@ %or any 3D volune data set are divided betwen voxels 28.
FIG 3 i MOHOPL6s an exanpl e of seismc anplitude data @5Fﬂ§§”@%ﬂen t he

range -128 to 127 with an associ ated data histogram FIG 4 illustrates

the rel ati oofhig2ifet Teeresaltipg Tombp 0Filimy evoplbbedisslu gt and’a sed pidkiRould
associ ated voxels 29. 30 Anot her enbodi nent of the present invention

i nvol ves crthsnibgmpositionsd em fherley eventD Rhglaytrepigherpraesss wpnkl dom Sind edl B
vol ume data ' sed. 1 R h M ity of 9 22 June 2005 WO
@ﬁfﬁ%i}p s as c{%ﬁ%fmﬁ uffefére ced FJCI)J;. oA

02/ 061463 P 3227 aut’otr acker Create surfaces, events and/or
geobodi es. Wi | eThiipgestit hoknii@N g beafplepdnied wig hid®aff ssfwie! e data
set, seismc phase data values are used in reference to the follow ng
descri ptd oncontpipationigrcel andmgy beirerlemented bra commitel sxstena of ether ppceaspisg 256

data val ues_] N -0l | S | val ues that are
associ ated 55@&6&? t ﬁﬁlg’%c bo@@#ﬁ}of}a%ﬁv@ﬂr%@%%@aﬂ %\ﬁgr ew@rﬁég?lgn%tgﬁhapced
3D vol une dpdegens Ghventiph €6 ShéWA Gn FRESTI AtPhaMse 8f pfabtaR sthcdad POV HRS s
sel ected around the nmaxi num peak phase data val ue. For instance, when

usi ng a peafpegeting systemdl 02¢ Snisable eperaiing oy steBs 18hiackude, forexiampiathe IBIXP dat a

val ue of 127 . pot enti al e m.ght. be.from ut 115 to 139. All, voxels

o the 30 BBl nERi s VRRBRs IS sty MEEERA TP thor o o8 oot supmiing it o

val ue iIDthWM%dm&b@B%pagﬁﬂ&IbﬂmsMﬁhtﬁetéféiiantsﬁ{,em ed data val ue such
| 5, '

as 127. As illustrated in _ a seed pick 32 pick may then be visually
posi tioned w t hi Meauswtl egndniving seftwara 184 nperlays opeating systuin p02chesumng t hen

35 ¢ ' v PR sEn 0] AR oL R oy SRR R o0 uBERry B6
15 that V‘Duinﬁbrﬁ‘dtfoﬂ%tﬂtﬁé{léég,%n%fo C@ghu&?' BednddAltAicH Y MG 1R dowing

particularly illustrated i n whi ch outlines a geobody fo
result of tsoftvesed04icek imhdicafor expnple, Microsefs Séindapd™, XoWindcanSenaafé ed
sei sm c, phase ,3D vol upe dat t. | n anather enhodi pent, a Conbo Vol une is
deri vedlfr oWWegiRtered; radereH %D?V?axfﬁﬂ"hwﬁﬁalpéﬁ@ﬁ g%fecbgolpg@@ g nMQHF S e
t hat the EmRdi [ [ 2 m=rele] ' ' LAY
conbi nat i gﬁ'& %@gg%ﬁ\%laune (S}Zt Eg§?j§:9 Ef[B G?%a?lag?%')éﬁ%t | onhﬁ%ﬁg@%@ﬂ’a

' 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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seismc exanple is provided using a conbination of seismc %hﬁ;{e%bﬁ

seismc &hase and seismc anplitude data volunes. A base 3D vol une data
set is SWPIOEYSS The pase 3D vol ume data set will retai BCT@J§°W3§%7ogram
distribution across the anplitude range (-128 to 127) as shown for exanple

in FIG 3. ehdawalaidotiirs fodie] BpPtheQbjietslate RRdRd: ARRIdni RUATREOFHETZS S

woul d be a 127 peak. A second 3D volunme data set is selected fromwhich to
choose key $aivetvenithe eanidnthel the terirhmepweagihy Slamedulfar sawbe obtrined hy s
enbodi nent Lsm.G. se .data i sgd | ef erence 1o t.he.follown
description® glienigb%éc%gﬁn ﬁ%ﬁ%b\%ﬁ@é@ 638 %‘@@P@Hiea%ﬂﬁﬁpﬁlﬁ%%ﬁ?mr 8ak
sei sm ¢ phaggthe@aha ovdiffecont MieHindi bettis@OpedHl @4 fetwaikifms e, OpQIBIMR O
255, where a peak would be 30 a data value of 127, a potenti al range m ght

be fromJaboisdescribed in ey detajlinibg OpenGi-®firegramming Culdg ASKOU VR M 632348 i ned

VO 021 06 1403 P QIR CHBL S5 REERARO 6Nt 0o BB 4 B Brirs N el Bl Mol o
be di spl ay eghithGrine6aratddiersih by defefched) be positioned on the key event.
The aut o- pi cker g(r ocess would then find all the connected points as

descri bed in ref ¥isuabsinulgtion graplges libnary § 08 oeantays bastorgrapbicsiilary £06.fiseatent ed
usi ng hardware, ,software Qr a conbj I on t.hereof., and be

ol errent ecuiiayo8 gragc g, 1 5B APEfor dRestiag arftgime FytfiHfodaied 3D
enbodi ngNt  GkuA sﬂﬁéﬁ@fﬁaﬂﬁcs%%ﬂ%ﬁﬁhé Uil Sinfal AR ghdihids TRERTR08 bR dobe

present invention IS shown In 7. At the base of program structure 100
i's an operamcigpsshsttemdtbGogetiBmigrapbios linpay ataiacprsps fimotorkGRch ac lighting, f or

exanpl e, the UNI X( operating syst or, Wndows NT(r) from M grosqft
Cor por at i on‘fﬂa'i?Flaét %p?éﬁdéfqnﬁga‘e%@' ?@éﬁsﬁﬁén%nwlﬁs = aé'ﬂﬂg? SFREUPR Opne of
skill in th(ﬁsélgi, %3 Mtat 24 be MBHS ey Ndow ng sof tware 104 overl ays

2. Me d '

operating system 102. nu an w ndowi ng software 104 are used to provide
vari ous nenus and partivdlany prefefradovisial simlationtpeaphixs libraryd 0815 HRISPeeformend t o

obt ai n er i t and jnstryctions. Menu d wn LN software 104 can
i ncl udel,%sf o"’fvagg@ﬁp&‘é‘? %Erﬂb PYniRRR i %‘Wn% #@W‘ﬂ%"’ﬁséﬁ? st er ed
trademar k gﬁg?}gg : abﬂﬁ | fﬁfg?g}f : WU :
(regi steregé}t)ra en%%é’ﬁgc%hg) n %‘l’(‘)l%%gvc\lgpg‘fre{:oun at %%Q%%ﬁ% As V(a%%%ralg%s,
r _ea(cjii ly ap ria’i?pffmnd Iibpr,(a?dafcmlir asdotiatedilibraries, litgiféry, dibpfdby libpfal, hed libefatil.and
W hdowing so V\B’h(lae lga?sys ogﬂﬁs%grfgr%aeﬁsetgéperformancerendeﬂng 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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A basic gr aph| cs library 106 overlays menu and wi ndow ng sodi WakeoddH4.

Basi c gW |cs I|brary 106 is an application progranmm n% interface (API)
for 3D c ﬁ&} 320 graphi cs. The functions perforned by GESg %’Fé hi cs
library 106 i ncI ude, for exanple, geonetric and raster primtives, RGBA or
color i ”dexaﬂﬁﬁ'l%er 6P ARy tdndbrdiatdvabei-AhS, THDUS ?m‘i’is%éégirﬁé}%c%@ﬁa‘xy ng
transformations, |i1ghting and shadi ng, hidden surface renoval, al pha

bl endi ng (tﬂ'ahptwabnbyﬂdmghiqckaformm magRelatien pemppinegts fat msi:tterrfaccs

ff f dback | i . l...pl
Sccumit at | o 258 Ui apaTkting ISR | CBer O ALRRLS BRchhBERT ek,
106 is Openfidvides rgiftich F6Y ﬁnﬁl&ﬁ@ﬂtm@ ﬂabl&%cﬁa@%ﬁlﬁ@haﬁﬂ& Orftion o) ﬂort Qzﬁ&mt ain

View, California. The CpenG(r isa mlti-platformindustry standard
that is Hhar thlealusﬁmtﬁﬁaca ptemlatl ng system |ndependent penG.(r) is

designed to be Le dromC Cﬁj+ Eﬂﬁ\ﬁl Ada an ?]Ia%\?gﬁw rrm ng
| anguages. Open Fl%pwgramy CBHS?F @:Frg:ﬁ:gal} ]? Ybasi ¢
gr aphi cs 1 | g.g,;% g £ e 33 PRELTYmAIeas®t ri ¢ obj ects
to -11 22 June 2005 WO 02/ 361 P USOl/ 03227 be drawn, and ot hers

control how the objecls aritieiizd IBIS Pesfdrmet;ement s of the OpenGL(r) state,
even the contents of the texture nenory and the frame buffer, can be

obt ai negh by - a cli ent2appl §peifiygmmiet c@;ﬁéﬁnes@@aﬁ_tﬁé) and the client
application may operate Ofult}o&R38RBg O'co it dMachipaegy because
OpenGL(r) is network transpa %J%Jn@e%gﬁg& .5 13 described in nore detail

in the OQpenG.(r) Pr ogramn ng -201 63274-8) and the OpenG.(r)
Ref erence Manual (1 SBN: ]é(l)l .632 the entirety of both of which are
i ncorporated herein by ref ?ﬁeg NRIPEESFRE My r aphi cs | br ary 108
over | ay]s5 basi c graphics library 106 Visual simulation graphics library
108 is an APl for crehtinglnitialize fiame raimand setfraseceedend mlicyl0 vi sual

simul ati on graphics applications. Visual sinulation graphics library 108
provi des functions thét buGthat, tagiiube andomepiiadodws dyraqulrestt at e cont r ol
functions such as lightingagnd materials, texture, and transparency. These
functi track state and the creation of display lists that can be

rendered | ater. A pargioul efy Jieh g fliiny Blandbivhl bk 07 aphi cs 1ibrary

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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15 available from SE in Muntain View, California. IR S Pesf gieegosupports
the O aphics library discussed above. IR'S Perforner includes
two nai ﬁ&%&%{‘#%s, | i bpf and |ibpr, and four associ at eCTUSPLP2s

l'i bpfdu, libpfdb, libpfui, and libpfutil. The basis of IRIS Perforner is
the performance Pgpetek il 1@ of the padsintlihRition & prefrdb®Y Stitted IPAESHed bRYhEA

yng
hi gh speed rendering functions based on GeoSets and graphics state 20
control usipysEssnglaguagiostoy thy weaivnland usaoofobifctshnd whisctfugetimatityy t hat

group sane-tiype. hi Limtives, (be.g., triangles or ads) into one
data obj ect%%%g@égfmggﬂwgftn@e E?%’é%%?’s’ng _%‘faﬁ?_l%ﬁ%lr pointers to data
~arrays and i ndexInafne@yfbod BEGAp¥6orah!110 BRresihd 31 VbB® dath Bt iFAQBRInePwEl Of the
sanme type and have the sane attributes, rendering of nobst databases is

per f or med aknavaxioransmof skidhin the wlsvant aricdivsesappleptho foremt forajaki vdum@Sast at e

definitions 0. exture Qqr teri f Set s ayered agbove libpr is
|i bpf, ar ea?({ngllsﬁ%ﬂy/\{osﬂ?%tf’ %Y‘ﬁlﬁ‘f‘gﬁ?"?ﬁf %%WF@%&%&’@P’(?@ Féﬁ#@j’t 1sagsellong S the

hi gh- per f or §Ba6fthedhthisedd MTiSF AR hHIBSE plcaIN B5ritids fSineioh Niala BBIcBEIES Use
of rmultiprocessing hardware. The database utility library, |ibpfdu,

provi des f useguensassuplyas tha &ile pathfodatioh) efdbmdata sot, staeddiappeiansindke iy, endut es

f 3D objects. sh t at 30 | al d ' tri
From | ndepehEEOBbRUIRGIS e ¥ Yriad &t Sy o B Pl e Y gl thette s he
facilitiges widyldfdpkdsia bin @i@/@gg l?g@é, oh®of ABR Uyt FepPAS Sathé, 1B dclaﬂge' 12 22

equ
June 2005 WO 02/061463 P /6801 7 a nunber of industry standar
dat abase f oerdered in thedollowingunanner. aThefist bye srthadaavalir atrvplundlmratmolx des

ond G or ozl thhorabeBTR P Bepud fBRAED b Rator ¢ D e i o -
library thag thedafivhRe at votht RREHJHRD,0,0YPLE WL 18 td?[ﬁ&%siﬁﬁg&aﬁ%st@&'qlé@anne'

Option support and 5 graphical user i'nterface (éU) tools. An application
progr am whi by dimensioRliSirRenientedeanddfimh Pt vGlifepsidils ingrpnertbd. yTheqaesent out

t he fol |50\Ni'n]?{f i eps ilrl. I epar i n%f r real -1i i{D vi sual sinulation: 1.
it al e rgRoRes polisBited Bmy Wassia o prgionlar e Iomaty aphi ¢s pi pel i nes,
choose the nmul tiRrReess 1M HARTtQHRL HOh » AREtSREGI Yne BASTVBIEIBEE as

needed;

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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3. Initialize chosen nultiprocessing nmode; 15 4. Initializg fLamggsate and
set frane-extend policy; 5. Create, configure, and open w ndows as

requi r edWO B§145% 6. Create and configure display channePETASOVERY r ed.
-Once the application programhas created a graphical rendering environnment
by carryingéfut stq&g 1 through 6 above, then the application program
typically it ér@NIUSIM ¢ hrough a main sinmulation | oop once per frane. 7.

Conput e dynanmi cs, m?@fr@g GisclORIrE 108 Hes@iption ofGhe %eﬁﬁdoﬁ”ﬂ;t ilﬂusﬁmen%ﬁ-

frame tinme; 30 9. Perforimlatency critical "viewpoint updates; and 10. Draw

a frane. A cesplhsotyaiherdf,\anl dheilbboappacnididd by thask ekilled srethe artn thah vakogs
overlays visual 35 sinulation graphi¢s |ibrar 08, Program 110 interacts
o th, - and s SEmREra I R SR DS Rt dhe G O sthpaisel LTINS FRPEs B and
gr aphi cs ki br i i i ; -qgﬁpf i i

sof tware %04,@%%1{%&@%8??%? f%%s%?Pgbm 1 gﬁﬁézg&%%%g%o nomﬁﬁﬂ%gmgggo §LI1<SiAII
in the rel evaldmentd may b8niade dutheuiARParting\rod e 6HhutH 3f PETABLd1.03227 Pr ogr am
110 of the present invention is preferably witten in an object oriented
programm ng | anguage to allow the creation and use of objects and obj ect
functionality. A particularly preferred object oriented progranm ng

| anguage is C++. |In one enbodi ment, program 110 stores the 3D vol unme data
set in a manner well 5 known to one of skill in the relevant art. For
exanple, the format for data volune can consist of two parts, a volune
header foll owed by the body of data that is as long as the size of the
data set. The volune header typically contains information, in a prescribed
sequence, such as the file path (location) of the data set, size,
dimensions in the x, y, and z directions, annotations for the x, y, and z
axes, annotations for the datavalue, etc. The -
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10 body of data is a binary sequence of bytes, one or nore byhtgs Jo@s data
~value, that can be ordered in the follow ng manner. The first byte is the
dat aval ue at volune location (x, vy, z)=(0,0,0). The second byte is the

dat aval ue at volune location (1,0,0), the third byte is the dataval ue at
vol une |l ocation (2,0,0), etc. Wien the x dinension is exhausted, then they
di mension is increnented, and final lgrLiahgrsz di nension is increnented. The
present 15 invention is not limted in any way to a particul ar data
format. The program 110 facilitates input froma user to identify one or 3D
vol ume data sets toAuB@th(bforlcna@lmgg arplurabgyl of I voMiendaga pdtsiimb isingleof dat a

vol unes i s yse d Iue ach of the plurality of data vol unes
repr esent s° "gplbt%fq 3{’]1@%3 ‘%ﬁﬂ/ c"’é‘f’h aY frae datagiet sompriving & Piwrlity f oxels,
geogr aphi Ceggpagfl By gﬂymgfa AR, AdPhdifd rgggmoﬂ%i 3P 203hAINKRHAHTR? 10Ul d

i ncl ude a geol ogy vo a tenperature vo er - uration

~vol une. Thespeotied 3D ivoluiitadagesst,aaid niethodreoiphisife expressed in the form (x,
Yy, z, seismc anplitude). The voxels in the tenperature volunme can be
expressed in the form(x . The voxels in the water-saturation
vol ume can be expre§§¥@uﬂ&a§ﬁ%3tkﬁﬂﬁ$?Qmaﬁaﬂﬂmﬁwwﬁﬂ&ﬁékﬂ@ﬁ?buWMe physi ca
or geographic space defined by the voxels in 25 each of these volunes is

the same. However, {eaﬁr% 55’&811& ' S\R)gﬁ:b% dataog pesolf{t?ﬂr%exoﬁehcé&i the

seismc anplitude wou cont ai ned v enperature
in the tenper aibateyol une, and the water- saturatl on in the

wat er -saturation volune. -14 22 June 2005 WO 02/061463 PCT/ US01/ 03227
CONCLUSI ON The foregoing disclosure and description of the invention is
illustrative and emmﬁang)ﬁa}chtcrf@mbdata aaides in atiledst bee abprid Eirsit3dY by t hose

skilled in the art, that va e size,, shape and, materi al s,
the use of neché’m%fiatécfﬁ?@?ﬂ $§e° IVP Bﬂa?geﬁ?{}:}hd@ slecteft ¢ he
illustrated CO%&J@@&&@H conbi nati ons of features of the various

el enents may be nm %out departing fromthe spirit of the invention.

-15 22 June 2005 CLAIMS 1. A nethod for conmbining a plurality of 3D vol une
data sets in a singlisserting 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:

-16 -




out put 3D vol une data set, each 3D volune data set conpri Siff u%e%gg ality
of voxels, each voxel conprising a data val ue and bei ng posN[l 0 at a 3D
| ocation in a respective 3D volune data set, said nmethod conpri sing:
selecting a first 3D volune data set representing a first attribute;
sel ecting a second 3D volune data set representing a second attribute;
conpari ng each of saj 1@@ I; | i 3D vol une
data set and said sgfé%n %%//eg{i&ﬁngk élgtsgidsgﬁﬁl\%}’t’%pgdegpgzlglgéle%‘%%ata val ue
range; inserti nglatedf for tphgsicficpiefomana sail s@dapich beiiy podoredratespondi ng
with said respective data value in said output 3D volune data set for each
data val ue wi trhspecties dataiealue pesition ysingyeid dipglay-ti ng a second sel ected data
val ue at a position corresponding wth said respective data value in said
out put 3D volu dat.g set f(gr cﬁa’Chélslgﬁfxa val ue. out si de said data val ue

o of e 4ot

range; and di spl'ayin e&’ileql% Gl TSRS d out put 3D vol une data
set. 2. The nmethod of claim1l, wherein said first selected data value is

related to said firsto-gickinkbalt datadvalddiecommbhied t@fsaidl sdeh pick Wggei n sai d
second selected data value s related to said second attribute. 4. The
met hod of cl ai rhatg tHemamieatata vatpe as baid respedtide 22taJvakes @0OBich ssideseed ng a seed
pick in said display f.r determ ning an event related to a physical
phenonena, sai d"@%’é(?ofﬁ‘elp(e eing positioned at a respective data val ue
position using said display. 5. The nethod of claim4, further conprising:

- auto-picking ald datgvaliEs of R Gheleth ﬁ%%&%%y@ﬁﬁ? MM &8 anB3¥g the

sane data value as sald respective data va ald seed pick is

posi ti onedecdnd Iheolnkicliach et arel caiprided vihweisaiio dstaiafdd baidsverd i ¥ gbologicalat a set
and said
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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second 3D volunme data set are conprised of seismc data andyBRind26gent is a
geol ogical structure. 7. The nethod of claim1, further conprising:
selecting a third 3D volune data set representing a third attribute;
conparing each of said data values in at |east one of said first 3D volune
data set, said second 3D volune data set, and said third 3D volune data

set w th s@itpuBresaufeidt dati YRRt ifthelihd Hglueaitd of V68, egdect ed
data value at a position corresponding wth said respective data value in
sai d out puvoxgDdefpied by acfld sowdinate@nd easleta valisy thevadthal euntpirisingsai d dat a val ue
range; inserting said second selected data value at a position

corresponding with said.respective data yal ue i {.d qut put 3D vol une
data set for each dafiS cching &eﬁB{?klg‘i Bgsﬁiaﬁyﬁf%l‘&&fgb ¥ Hﬂ@;&%ﬁetﬂi spl ayi ng
at |east one seghdem fhfch%fr*'sgid% RifuniPd 95&@% dahidd 36t 18st dhePSOPr am
storage device readabl e by a machi ne enbodyi ng a program of i1nstructions
execut abl e by tdverespaidinpepltialipestfanributegt hod steps of inmaging an -17 22
June 2005 output 3D volunme data set, the 3D volunme data set including a

plurality of voxels, each voxel defined by a 3D coordinate and a data
val ue, the nethod coifficliag qge ot glase s¢lagfable sritgria for womparing with 9aja coi nci dent

3D vol ume data 3518 or ELERR AR BB Wit tunplay | 5, rel ated to

da 8 .
at | east one o correspondi ng plur tr S Bt ng one or
nore selectable criteria for conparing with data values of one or nore of

said plurality of spakdréhg yaCdirfiCiestlecthdl adat®t Saluei RBERT icBBrdakd I St

presel ected data value at a coordinate corresponding with said respective
dat a val ue in stingspandingt WD sgid| raspsctiviadata seluevinemidseutputd3d avolmheie meet. s
said one or norg selectable criteria, and displaying. at |east one section.
of said out put G VTR st dpte wpluc gheois,ghid, PBE OF Aloct SFISDIBEDIER of ol ai m
8, Wwherein said,fji rst preselected '

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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data value is related to at |east one of said plurality of & §ri-bigpss. 10.
The program storage device of claim9, further conprising: 1nserting a
second presel ected data value at a coordinate corresponding with said
respective data value in said output 3D volunme data set when said data
val ue neets said one or nore selectable criteria. 11. The program storage

o at 1 eastelnBrRoroHELE £ B ARTRA Yo GRS 3, AT IR W AF S

st orage dev@lgﬂeqatacgbggm&etmomﬁﬁsﬁ?d plurality of attributes is each
related to seismc data. 13. A nethod for displaying an enhanced 3D vol une

data set related to one of a plurality of attributes using a 3D vol une
data set conprising selgsting ahdht qatovalyewathin a data galpe rangaes avageh voxel

conprising a data val.ue d, pei ng positioned at .a 3D |ocation in said 3D
vol ume data setT@18% “%Eﬁ#‘&‘be’c isglﬁri’ ra téfloéé‘ﬁtpﬁ'tbte%ach data value within a
data val ue range, said data value range being related to one of said

plurality of attri buieﬁ‘e%tméﬁ!c%}aﬁﬁhgg Sach URAEN Bita 98B wifhl SRt &ferfiat 2 val ue
with said criteria; 1nsefting a preselected data value at a position

corresponding with said data value in said enhanced 3D vol une data set
when sai d data val ueinseréng s psaekicted idatar vale atrespositiangeos@spbndangavitlal ue at a

position corresponding wth sai re ctive data value jn said enhanced 3D
vol ume data set S%ﬁaﬁayakua naéft@egleamfigﬁd@m atf ot e i 9a% wlis.

di spl ayi ng at '%E&E 24 %Hiapn of said enhanced 3D vol une data set;
utilizing said |spF y for inserting a seed pick at a selected event shown
in said display; and auto-picking a plurality of data val ues connected to
sai d seed pick whi ciasdiig saiddadta vahleust hdeRitiodatortespsidingg sadds4d ck dat a
value at which said seed pick is positioned for automatical [dy det erm ni ng
an extent of  saiegpectivedata 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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14. A method for rendering a conbo volunme derived froma pl gpahhd3008f 3D
vol unme data sets, conprising: selecting a base 3D vol une data set, said
base 3D vol une data set conprising voxels having a 3D coordi nate and a
base dataword, said base dataword being related to a first attribute;
selecting a second 3D volune data set, said second 3D volune data set
conpri sing voxel s hasdleuting vepels ireddid/ second8DA@meE s détrhabed v & first- 19 22
June 2005 selecti ng voxel s in said second 3D vol une data set based on a
first presel ecPré’ﬁP%P&?dadé\%V%lBe?a@B@e rendering sai d conbo vol une by

repl acing said base dataword in said base 3D volune data set with a first

presel ected data val attribute en said
respective voxel in féégfl éga§(:0n83r§‘50 u%esﬁy%ggaglrﬁgeﬁalqbgaﬁ‘¥mar“r'|°r§é1ld first
presel ect ed dat@id/BiseSD aslgfie cﬁfﬁ%eﬂh@tﬁ'@ﬂﬂsﬂ?re@éledt&ﬁééta JaReTELRY 9f said
conbo volune. 15. The nethod of claim 14 rther conprising: positioning

a seed pick on swid segemd attrdintgywhen ﬁhldit@pdzczmwvam in baiédn¢dohg BBgvglanat s
connected to sa e the sape dataword as said seed
pick. 16. The rfﬁ%%%‘%‘?’%&mé?%gpr Eqdrﬁiagaa‘fa&‘eé\?’égﬁ apd 3 geol ogi cal
structure. 17. The nethod of claim 14, further conpri 5| ng: selecting a

third 3D vol une dat ajigfikyi %%ﬁﬂ[lgas& Q?gﬂl()%%f\é%;éﬁﬁrg% corrpri sing voxels

having a spatially coi'ncCli coordinate w espec sai d base 3D
volume data set and a third dataword related to a thlrd attri bute;

sel ecting voxelk.i n Beimethdd oficlaih V4| funkerdaimprisiag: based on a second

presel ected data val ue range; rendering a revised conmbo volume by replacing

said base dataword in sajd ba%(f SE vol une data set with a second
presel ected data valRPSIHORIMEASsRd PiSk 98jap eventugingseididisplay, apdn sai d

respective voxel in said third 3D
' 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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e

vol une data set is within said second presel ected data val Uﬁfu%ngg'. and
di splaying at | east a portion of said revised conbo vol une.”™ - 5 fﬁsJune
2005 18. The nethod of claim 17, wherein said first attribute, said second
attribute, and said third attribute are each related to seismc data. 19. A
met hod for conbining a plurality of 3D volune data sets in a single output
3D vol ume data get, Aach AR QF UiE d‘ia?aw?m%feir?%gﬁ[)'ﬁ%tn&n'?o&%,%a?&' bdord!
voxel s, each voxel conprising a dat a’value an €i ng posl i oned at a 3D

| ocati on iditribufeCsmbsid therd adbbielav®ucH adlated & seisdicdafi®t hod conprising the
steps of: selecting a first 3D volune data set; selecting a second 3D

vol ume data set; coxari ng each of said data values in at |east one of said

t

first 3D vol urk®. dat/a mathodafed combininge phualgp of Gl welumet dataseats i 4 Bingle

presel ect ed al u ange; Jjpgsertin t |least one of a .preselected data
Dalue ot Suter simdaoRhsach A5 MatkRY B sef Sitiite £ phlpdy ST RatShn sar
out put 3D . K i il n said
dat o 1 ange v e cSEREIEEL G vaOad AP BE A 00 PR NG o3 s rispllih

cor r espondingolviniclilatasset] said esqileat ¢onspriditesthy stepreoft N sai d out put 3D vol une
data set for each conpared data value that is not within said data val ue

range; and di spl ayi ri§lesting @ §st 3Biwlueedatapetof sai d out put 3D vol ume data
set. 20. The net hod Olf ¢l ai . presel ected data val ue and

19 . .
said another pr eselsgc??télbg %g]etcgn%?a%%iu%egd%%% related to at | east one of a

first attribute and o%mpﬁﬁgg’@&haéftsfaid)&t&@yaﬁés inT12ed¥BbAOGE &fid Gkaizm 19,
wherein said preselectéd data value is identical to said conpared data

val ue from sai drohtmd datstsebamd sdid se¢ahdfiD svludie dah soewidhtaapresdlectetd sai d
second 3D volune data set that is within the data value range. 22. The
met hod of cl ai aValygiangsn sai d another presel ected data value is

3D vol ume data set ARG R S G DARRANG e VAT Hhefoll 1 Y

the data val ue coaBgRnding 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 -




23. The nethod of Caim19, further conprising the steps of 22 j@k d85June
2005 23. The nethod of Claim19, further conprising the steps of:
iinserting a seed pick in said display for determning an event related to a
physi cal phenonena, said seed pick being positioned at a respective data
val ue position wusing said display; and auto-picking all data val ues

connected to sapyl SepRe Membd WNCHIM 192HRtHeNongie giméat_egg%ﬁe as said
respective data value at which said seed pi is positioned. 24. A program

st orage dewpeting eacalpick bysaid dispihy fie detdomitying gn evant ogjatedrto @physisd r uct i ons

~ execut abl e .by the machi ne t erform.met hod steps, of imagi ng an output 3D
vol ume dat@%@’f‘j,en?’ﬁél %FF&PE&?, % PosHionss: &t %éﬁESngrSWﬁranﬁ UG PRTIHPRI ity of
voxel s, eagk : nr4isi ng a 3D coordinate and a data val ue, the nethod
conpri sing tl e&)ls?t?g%@gg’f : !dsel ecting a 3D volunme data set, the 3D volune data

set conprising a platébidkingodll \damelfluescadithevtod @b sGIMBISHiOR whidh
coordinate and a data value; conparing each of said data values in said 3D
vol une data sethayetthe sampdate viloe ne daid respeetive; datnvane pnghish shidased one of a
‘presel ected dat a yval ue. at coordinate corresponding with said respective
data val ue in sl%{f’lﬁllsdi?t“ﬁlﬂpe‘gD vol une data set for each conpared data val ue
that neets said preselected criteria, and another presel ected data val ue

at a coor di nat e24:0r r £ e Rebrifid dbviRi rdadabRSPES hia¥Rind 3ol Ah Y} Proegradl d
out put 3D volune data set for each conpared data value that does not neet
sai d pr esetfcipsiEections eapquigblahy the gpachinentp perforon setimdestspse of dmaging sai d

SULPAL 9D BB B R, 85 Aol SR RS ) LB
val ue are waeR, ratiatwetel Qombrikie@si I ecoebdifate Paddr al Hitd Rfludt el BiehiRd.  26.
The program storage device of claim 24, wherein said preselected data
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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-value is identical to sai

value is identical to said conpared data value fromsaid 3Dvaldrgoéat a set
that neets said criteria. -22- - ------- - - m----- 22 June 2005 27.
The program storage device of claim 24, wherein said another preselected
data value is identical to said conpared data value fromsaid 3D vol une
data set that does not nmeet said criteria. 28. A nethod for displaying an

enhanced 3D vol2me dBied pe@dratels@ir@ft tdeviebeof Qait P4Urwhérki Qhidabhsth@ut es
using a 3D volune data set conprising a plurality of voxels, each voxel

conpri si ngPraselreted deda velve aviidsatien) tp s8idt qospatedadata valpe (fosasiid 3D nokuied 3D
vol ume dat I ri.sing the steps of: conparing each data
val ue fron%?aéga?eﬁlﬂ?%a{)/%lnl??ngégtgﬁa?éﬁ?n% th a preselected data val ue range;
inserting at | east one of a preselected data value at a position
correspondi ng vi& h sAaintthcisfoe displagingaincenkiahdeg 3Dvslamd danhanetdedid ol une

dat a set fofr each compared data value that is within said data val ue range,

and anot het Joplaateeh ibyies asing|a 3D yelumerlngg sot spmphsig & phralityPIwckelssai d

respecti ve,,da e ! FQr . eagc

conpar ed dat arv\% SJgH!Ep Iglftﬁg%?&%%? Q%g{%ﬁlﬁg)eg% ﬁc@%gfgggd gg%é? rﬁ)té:%%ée}{; ma%aY 3D

di spl ayi ngvcltmé dats sctasasdenieihod cofupsiging tlerdtgradd 3D vol ume data set. 29. The

nmet hod of claim 28, wherein s%lng presel ected data val ue and said another

presel ect ed data valQBWPEFRE achd#ta | vauedTemy said $la yofume, datgrsek ¥ith | ural ity

of attribut es;pr@s@lecf@ﬁ?iafé%ﬁgﬂ%%ﬂ e:Claim28, wherein said preselected data
conpared data value fromsaid 3D vol une data

set that i's within dasedimgabtleasi uee of angeeseldded Thta vatdhad aopositia m 28,

wherein said another preselected data value is identical_to said conpared
data val ue frorfiPE&PRPNSBEY Trapestive fata yghue i sg F&W‘P‘FA%D‘@ RF dat a val ue

range. 32. The g P fbr@hetf béthparé® dath Yofulhat GOWRMnSLRddE GalBk EReOF -

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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utilizing said display for inserting a seed pick at a sel ectefhirevept shown
in said display; and -23 22 June 2005 auto-picking a plurality of data

val ues 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 determ ning an extent of said event. 33. A program storage
devi ce readabl e by autepicking aptoadity oigdaa palogr amneded tonsdid sekdi mpels
executabl e by the machine to perform nethod steps . of conpining, plurality
of 3D vol une da‘{’iacngﬁv‘?ﬁd&tas?’fﬁlj? BHERP S8 6 M@%%é(gg’étif vgﬁ@h 3D vol une
data set conpr 's'ﬁime@{)i%k‘i@ Alsitiohe@ for il aticalP e B fls MR §f gy @ data

val ue and being positioned at a 3D location In the gespectlve 3D vol une

data set, saidaventhod conprising the steps of: selecting a first 3D vol une
data set; selecting a second 3D vol une data set; conparing each of said

data values in.at |east one Ff said. fi r%%{)ég) vol ume d%%,a set and said
second 3D vol ure" dat’a PEERSIH2EE B EEd Y HEPEEr Oflgﬂéé;pr‘?g{g@rti ng
at | east aifeinSfuctiony esRhRBlecly diad Mavkihél Qo HerMro GaéthddP Bieps AF (BRMANAE A Wi th
said respective data value in said output 3D volune data set for each

conpar ed ddealiy0{3d velumeidataget in msinglegutiat 3Dwsiluree dataget, cachrid splumicer
presel ected,.data val ue at.a posi-tion correspondi ng.wWth sai r ective
it o val it BBt S SuRTRE il 2R SRR RipPaith s dafalie IHERE |l ue
that is ngjositiohéd At 23 Uedation dhUler RESRtIvED dichith@\daftd sét shidagdetipde
section of said output 3D volune data set. 34. The program storage device
of d ai m IRmpi@eshastepsiaf: presel ected data val ue and said anot her

presel ected data val are related,to at |east one of a first attribute
and a second attri b&gggtl%?ﬁrf'wgbﬁfpgﬁ?%%t%f%’r age ‘device of claim33, wherein

said presel ected datselece@y&cbﬁdm%tmaﬁgbtsai d conpared data value from
said at least one of said fi 3D ’

irst
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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vol ume data set and said second 3D volune data set that is 2% Nuer2088i d dat a
val ue range. -24 22 June 2005 36. The program storage device of claim 33,
wherein said another preselected data value is identical to said conpared
data value fromsaid at |east one of said first 3D volunme data set and

sai d second 3D volune data set that is not within said data val ue range.

37. The prograniét orHge pieptme skagel devicd3of fddiin 33, cOhgEinSisaig hhehet eps
of: inserting a seed pick in said display for determ ning an event

rel ated tdres i dat vlnelsddeniigal toaskid comwaredi dake s omosid dtdenstions of
respective _data I 0Si.tiQn usSi. sai. d.di §pl ay;, and, aut o- pi cki ng. al |
datg va: \éesabagﬁﬁ%‘)éﬁé%ﬁ’tnge I"i‘%13?38‘3ﬁélgi%%‘i?naﬁpc’;‘fﬁﬁ‘ﬁeéatatsﬁtethgt;‘ﬁgog‘lﬁ’ctﬁ‘]nﬁ%cﬁe as
sai d respeghd Vdud@hge.val ue at which seed pick is positioned. -25

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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