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ANALYZI NG AND | MAG NG AN ENHANCED THREE- DI MENSI ONAL VOLUME DATA SET USI NG
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present invention relates generally to imaging of three-dinensional ("3D")
10 vol ume data S§Y§TEWI§§FFPPGP§AML‘W G ANDIMAGING AN BNHANGED at es to

i nproved i magiFRREFDIMENSIONAE VEOILUMEBATASEER USING ONEDOR MOREATTRIBYTES ent s

wi thin 3D volune data sets. RELATED ART Many fiel ds of endeavor require the
anal ysis and i magi ng of 3D volune data sets. 15 For exanple, in the nedical

field, asconmputerized axi al tBROREROUND OFFAEINVERAOREI OF a

.resonance i maging ("MRI") device is used to produce a pict ulﬂ%ﬁmmﬂ@wwmgl c
i mge of sonme part of a patient's body. The scanner or MR IS ates
a 3D vol une t s to be imaged or displayed so tht di cal
*per sonnel cé‘ﬂﬁgﬁé’iﬁ'&‘pﬂ@”?@ge and form a diagnosis. 20 Three-di nensi onal
vol ume data sets Phefprasenpinvemtibn relatsagenerally keimbingf ofthftealimendiena (F3M)t o
the earth sciences. Seismc sounding is one nethod for exploring the
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sei snmographs record the tinme of arrival of the seismc 25 waves, both
direct and refl ected waves. Knowi ng the tinme and place of the explosion or
eart hquake, REIATEDARDf travel of the waves through the interior can be

cal cul ated and used t ur,e the velgcity. of the waves.i he i,nterior. A
i Lar techni quaamyRels QL Sioreghie 6 by and inalE T 5 bop e i &6,

of f shor q sex/ReRihAe; inThehbdicATieN, @ coMPIRrisQHDGA taoeraple“GAITeY scanner or

hydr ophones. Low frequency (e.g.) 50 Hz) sound waves are generated by, for

30 exanpl e, ampgrsticsesonanteimnaging (AMRID dreice ispgedtopaoduse a prtwre or dipgaostisunds
bounce off r.ock | ayers bel the se | oo and are pidgked. up b he
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oi |, such asydi@hé data Je@ it neddiftodi Rfagediof disphiziea o that rhédicdl Petdmhéiccanaves.
The data is processed to produce 3D vol une data sets WO (12/ OG1~1G&3

PCT/ U SO 1 /analyze the:image and farmea diagrdsisect i on or sei snmic anplitude dataval ue

at speciyfii ed (X, Z)..locations w thi i e V,

dat a set2 i's made 'm;c%%hm %&a@v&we&g{a{}ﬁé agfglgéﬁge? |ﬁg§ﬁ§l§s @(el%gp%nd%\%ﬂﬁ
coor di nat es.refafifif) ¥ ak€leaRRSscRnbeyTESeRmiA beundie & bR nfethiod for asiipldithgOthe

cal cul ated 5 physical property, at a given |location. A data value may, for

i nst ance, besubsnréicgaeolpgy ofithe eartho An unereround gxplasionereatthigiake exqiteh ecisraicues .
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sets, wher eidie @atedtedby vepmibEraplil The Stismicytastizaedosd the tindd Faival fthaseéigthice. | n
order to analyze certain geol ogical structures referred to as "events", 10
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data set by °E‘¥%1F%q§'df?pglﬁggsaﬁ‘é’%cf?le.q%f:ﬁcya(ﬁ%a% F%;) %ﬁ\f\'ﬁa ﬁﬁge%ggg%ggﬁaﬁ}égg in
March 1999, ¢uahiplé apdeurmatidievice fteht worksdige a balidonbued. Thesahdstiunogoffeackt s
from Seed Picks by Voxel Tracking," two 3D volune data 20 sets, each using

only 128 datlayersibelow dhe seapfigorqandharg ficked, wm §x the hudrephenese dni thisamanngs) e

di splay. The_dli Y. i J fi Vool c thar | Lpg ting
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-a need in th&nﬁﬂﬁed*ﬁ%ﬁf&réﬂé‘o&mm. Thé duslistppooessedad peoducd BD 06lufiey dataiets

vol une data sets with inproved accuracy and resolution. Those skilled in 25

the art have therefore | ong sought and will g ciate the present
i nvention which addresses these and ot her prom "m,mmmurposes of
describing the present invention, the “G00002
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terns "inmage" and "visualize" may be interchangeably used. -2 WO

U2/ OGLl. ~G3 SUMMARY OF THE | NVENTI ON PCT/ US01/U3227 It is, therefore, an
obj ect oW@HY0EEsent invention to provide an inproved sy®CEHSAHIB2AEt hod
for visualizing and interpreting nultiple 3D volunme data sets in a single
conbi ned 3D yol.u data,set. 5 |.[ IS a er _object of .th resent .
vent ;o g oS Safn e st et SRR BREG: sBrobrE e T ptions

i nter preti ngyahifia@oerapblc\sphdere data set in a single enhanced 3D vol urme

b
data set. It is stllF‘ranot er object of the present invention to provide an
i nproved syst em afdDhealhiod detarsetis made bp iohvaxals” onvelumeelémentohaying X oze 3D

I dat t i b 10 3D | dat t | ed 56
hoi nts, nhor EOHTRHRC Bagt Y O PR AT O i OHE T SO B IbPURACHARY set s
mey be i BsergigdichltiOndrie alAs ferdBea Rl MEla0A AucSky, PhriRabiceCARG M bltaSta

scal ing of thé base 3D vol une data set. An advantage of the present
i nvention i swomdpwbichdnaye sofludei 276 pdssibdd zaluerd Exemples ofrgeoleicabdetartadups of

ool ay” ool dorbge iap RS mhase. Mol g sSREHE Dl R sibradie Sirdln
vol une data §ebsnt Y6 valRk il RV ARtREfeaeh 3DNRIRNE 881 set yﬁeéﬂt@g differéfie

ability to display data values fromnultiple 3D volune data sets at the
sanme tinme. \ta saloehbr omdy intsalyzeodertaire gpnl esieal tstiuntneest feferradstogase’étvents”,

accuracy than_20 t.ransparepc ispl ays.. Yet another, advant.a f th

o esent 10hy SREFBIPE BRIt o [oHg dat i By BvehrE eIl Mavbm bediter y
data value r e gither advantage of the present invention is the
reducti on in@%?gpbf?e%lg??on cycle tine. 25 These and ot her objects,
features, and advant epwentidnat inethpd efbsplayinpapuitiple3 Didlimbéate sats ipgpiaesahdt f r om

the drawi ngs, the descriptions given herein,_ arid the_appended cl ains
Therefore, ke ve¥es bR TesCRgE nij %ﬁerptﬁ@\fgaégtaavawgfr@m% vAlEerdata setdli ng
one or nore : - : . .
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3D vol uns dajfeade3D oolmpieidatisern Alotiiedbonvwentibnal metHod didpaye efchedxVolvme dhia

conprises a data value positioned at_a 3D |ocation in a -3 o
set, however, controls the visual display of each 3D volume data set by adjusting

transparency.
In an article 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.



WO 021UGL. 11>3 PCT/ US01/ 113227 respective 3D volune data set. One preferred
enbodi nent includes a nethod of conbining nmultiple 3D volune data sets by
sel ect i ngv@ 02P¢14¢3 3D vol une data set representing a first P&TUSOBNZRT

sel ecting a second 3D volune data set representing a second attribute, and
rendering a a set by conparing each of the data 5

val ues ig a&%@%@ﬁ@%’rm st 3D vgl urrerrpdat agset and the second 3D
vol ume data set wiidilRrdfoRSA GKjEAGS dRlpesédd iHvention ¢ pvidedntifiprdved spsteach
data value where the criteria are net, the nethod further conprjses,

i nserting a dndrraethed fercvisehlitingandaintespratingamydiinle Bbrvalwme ekt W single t he
respective dat Véjd%ﬁ iﬁg’ih outtput 3D vol une data set. For each data val ue
-where the crqof%ﬁl SONGY® 972 5t he met hod further conprises inserting a
second 1G sel ect e j@@iothet dbjiRt 8t ths pReshitih@htioN td pRRiRtinithpibidd sykem and
respective data value in the output 3D volune data set. The net hod may
further conpnetbed &irsidualizing and intesprsting a singled) wiuwe detaseidne singlesmhortedne
data set an%[zel ctic?q% a data value by inserting a seed pick in the display
for visualizZimng® ? & preting an event. The first selected data val ue
may be related toyih@ilf ddoter dbjebt HUhE pRREht idRnE6s kot RlewRl ifpERRddaitamyal ue
may be related to the second attribute. The seed pick is visually

posi ti oned andanatbddivr eisualidisg anslinterpuetingpne bemdiesil) eslume datageto usipga ba®

I dat t.. A t d I f I d f
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having the sggg 9 voluthé 8hta 8% Fndbd Bisdted iR Ih@%ﬁ@&?b%lﬁﬁ@datﬁisﬁkwitﬁb?t&

the present I nvention may conprise a program storage 20 devi ce readabl e by
a machi ne, edhaoging e scafing gf timbase 3D golunetdatasst.execut abl e by the machine to
ultimately i mage the output 3D volune data.set. In a preferred enbodinent,
the Tirat 3D vo ukd SguidEsar R SeHbyaionds Byrormeideriotsgfeobenens
conprise seismc gaba, '-ghﬁan hordig! iseRe iVehorttididl 1Aty RDadkHER gat a
sets to be conbi neg aﬁld t e?%eor e, r%);fy I ncl Sdeo produci ng{ya third %[g 25

vol une ddt a dfitientpdBplptélegeddativaldesatlnted o rnsevenirftbne oopathamved? volwinet he
data val ues therein against a second preselected data val ue range. In

anot her enbotAtHENE of t he present invention, an enhanced 3D vol une data set
related to one of I ' | gﬁ%-p Uy 1Ml th GQuend
interpret differ egtgtdglgr%g%de‘é}%%ﬁ?%%leg%ﬁﬁg e logIernenf!},I cﬁ%géj ?r)ue(?iod .

i ncl udes i defibmfnultiglec3® holdatealatadetieat Fik Samertime3D vol ume data set which
represents a particular attribute. An enhanced 3D volunme data set is, then

created by sel ect Y& 2aothst advaniage phiibe RosseRt fnveption dp LTeYRHAFTURFY. 4han v o
02/ 0G 1 4¢ : each data value with the criteria. If the
criteri azogeg%ﬁ{@g%%g@%i&net hod further conprises inserting a first

sel ect ed data val Yet atotherpasantage of therresent thivegtion ishthe habilite $p dadus\om kgt a
value in the enhanced 3D volune data set. If the criteria are not net, then
t he net hod C@I?BFﬁlﬁé%W?féB\?IIWqut%%alH"a’Ea&g%l ue unchanged in the enhanced 3D
vol unme data 5 set ﬁgg i [fﬁeln L L Gl ayl it

section of the en gmceg‘%% votwgéﬁx%g?ﬁb%%ﬁgg%lﬁ%gl%d a?gﬁbda%ggét%@n
inserting a gedgtigpeck in the display, and auto picking a plurality of data
val ues connected to the seed pick which have ,a data |l ue identical tg that
of the s¥ed pi ck. Theseandioast oBiastafaartes, ard phienRes e PRRPERIPYTRUCR Witk hod

i s provided ﬂ&%nﬁrﬁgg{eﬂgfragl ﬁle%ﬁ%@f#&?qhé @es\éﬁ%frf?%eé%@}xé@ﬁl, did kﬁéﬁ%gtsﬁ@éﬁ

mul tiple 3D volune a sets. hod co selecting a e 3D
vol une dat a deimssherein the base 3D volune data set nmay conprise data

val ues having a 3D cogrdi pate ang a base dadt awor d. Th& baisofg11 daf aword nay
preferably be rel hergiare the piesent inyeptionproxidesg aysisrp aag methodifar ippaetpgone

.conpri ses or more 3D volume data sets for purposes of more accurately and efficiently analyzing
30  and interpreting 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



sel ecting a second three- dinensional volunme data set where the second 3D
vol unme data 15 set may conprise data values having a spatially coincident
coor di nateO W/0ti463espect to the base 3D vol ume data set an&CH/USEYHRY7
dataword related to a second attri bute. The nmethod further conprises

rendering a - ne u aset I Fqlo ekt es . 4t
second 3D vorf%t%%gﬁ‘éeag gsg%%agg%%% éjl %r%@gﬁgte@dggg 8 Va@hu‘éi@% gnlglg{hgg (;}e
criteria. |feobniapihekipe 3Devéltine ddieBets g selédiing 4 rktheD eslumei dues set
repl aci ng the base dataword at a 20 respective coordinate in the base 3D

vol ume dat a repteseniting adirsfattaibutecselesting g sacaed 312 valuae datn sehieprasensing aseeandout e.

dat awor o 1 ol 0yt and fepdfibe eh At oD, BThe e PRb SERe BT SRR 0o SRR | 1

base 3D wol upgyedah g 1884t oHE 6hie gRét - 3D dlfihe GaRaki A thdSecofdBDRRMIBSIME sete
data set, the nethod may further conprise displaying at |east a portion of

-t he conbi nedwBiDa prsselaeted data valae range anefitpdsi Fonachdata velse avhstedhe eniterin ay ent

ing the display. | nbodi ment .of the i ion, . th t is.
ool ogi cal - shP e mthelofir BT Soms et A Rl dat SrEEE natstians
may include c%@kﬁ’]i%ﬂdﬂig With e respablived d Rl ik ah SQftp3Er Soltie dhfaised F3Peidl une

data set may include data val ues having a spatially coincident coordinate
wi t h r espectdatovaliewhers ¢he3fiterid arerpotaeat she methed further pompri®e infgrtmgarsacend| at ed

Conbi nod 030 ACtFH A VARE SR B SBiondetien T VA Bt PROTA iV HES S0l urre
data set -5 ou%ﬁeP 400k §ata BT W@H&ﬁ&d%%%??uﬂﬂ?é%@m9ﬁs@d§ﬁﬁ?ﬂ@ a@n&%@&ﬁgct ed

data val ue ra or criteria. |If the second criteria are ne then t
met hod f ur t hectieroapthe saput 8P wdume dith sctradescktatimgwdata valuehy inesting tisea
coordinate in the base_ 3D volsgé’ﬁazlidat set wi.th a second sel ected data val ue

related to tiekinihe ‘%’gﬂrﬁobﬁ’c Ifg‘_[‘ INELREHRE A $¥68Fi 2 are not net, then
the method furthef,CoPELISESd dath GANE Rhy UG RAIG LIRS ﬁié!%ﬂdﬁ@cle ah® thelsRcdrdwe

first attribute at the respective coor&’i nate in the base 3D vol une data set
unchangeld. | gelaetdar dfte valad reaybbeliehated to theesebondsattrdntte.i Bhe sced piek sevisnally

attribute, and . the third attribute are each. related to seism c data. BRI EF
DESCRI PTI ON kysitianed BPA\??I&E%& éetaﬁﬁéeils}ng the HHSBW d’&g‘&r%‘i‘tﬁ[ﬁ&l%i ‘%‘&‘ fﬁ?e

enbodi nent fQr, i 'f%%’ PB' Tor ALy g oF “Buid SREHRE C
view il lust rlgtcio{rrl1 {eggﬁ@géfgg?%ﬁgﬁ?%ﬁgmgn a téyegi 81all sef?sr% c tragﬂg gﬁ% a
dat a val ue o4ll das @hluektéhnedted o thessebe pizkihavingahe sdnheaimt similandatanalex asiee of
seismic 15 anplitude data val ues given a range between -128 and 127 (an

ei ght bit datespegtivesyedpick. é?hués@gd%rﬁﬁleéﬁu’dslﬂtg’f\/@%éoﬂ’ipélﬁ?)@r RIAST#M Elorags s g
S e oo . . . -
schemat 14, VI gWid Je%t'&afb’ié‘%% ﬁg?éﬁg&g[a %%%?B%g?ﬁ%%gﬁ&&%&éﬁﬁ%é by e

phase) event and corres I's a schematiT view
i |1 ustrati ngmaetdde o wikimataly imageahgbotpundP athneodatest.ed points within a

R ST T NIRRT S A T
IlTustrates ong @MHRAHLARAL OmAissQEIsHAE Bal! AHedRREA also permits additional 3D
volume data sets to be combined and therefore, may include producing a third 3D
25  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

30 from a 3D volume data set which represents a particular attribute. An enhanced 3D

volume data set is then created by selecting a data value range or criteria and comparing



system architecture for inplenmenting the present invention. Wile the
present invention will be described in connection with presently '

pref erredvewdo@ié®ents, it will be understood that it is ndCTYNERHRY to
limt the invention 30 to those enbodi nents. On the contrary, it is

w thinthe spopech peb Rt B R, TR il B SRRl Tyl e
DETAI LED DE%;PEE%&HI@‘E firtEfe iR dedvBatak MEMT SosihaTRybArdsh S TiRg Relth thie

vol unes (" Conbo Vol umes”)” are created by conbining one or nbre 5 attributes
into a si nglespwtive dad valuemtbcncldlanmdﬁféwzim@dmdewf thaetiterig argmot @ﬁhﬁl‘}ﬂne

| ated t tt but h {
econpl | shedsyeins ootmmen rvt e alitelm HuEEs ihEaiRbosdalt fojuds gare
possi bl e sval ues AdHifor@is &gb Gna inbivll t@spBR i hulBstdatedtisRtof the bihaa0ed BBY

data val ue (such as an 8 t Seismc marker data val ue) that denotes
-certain val ueslumt detatset, selpetiniged daja vadiinby w@mtms@lssﬂd p;tclam thptdwpblydmcbaum ues.

10 Conbo Vol u a ecj al | seful for enhancin rfor e of
voxel - based BERBERLORAND, okiaimirbes et s Hmene h VR Joits BRI
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anpl i tude/ i nst ant aneous phase mbo Vol unes for autotracking | ow anplitude
di scont i nuous evehtamﬂﬁyerabedlmsni thh@rmahnvgﬁlob;ﬁmetbod speovidas fgw&@gigc al

t t d ted
Pl 1 Uk s chHBE CE BB E Ssr B Be D S SRRy ife ORI dker
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yet anot her exa m ¢ anpl i tude/ 1 nst ant aneous frequency Conbo
Vol umes may hxﬁnpmsediaimalhﬂsg‘lmlvmgm 3mgoq:relmatecamlda1rbagedatavgmd f Bmtbasedataword

expressed seism cal | uch as onl onto a p gve nlap onto. a

t r ough eventmam}%ﬁ%ie Jelstedrtgra gfﬂ @’“&asizliaﬁ}%‘?ﬁﬁ ‘F‘fh ‘gé’ompnses
devel oprrent t
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FIG I, B rfeﬁdmdiymepmsadat@vaiuw lavirtghespptiayaninddenecidrdinaiesvidSespet e theat ed
for determning the data val ues associated wth voxels r creq,i?l ng a
({?éﬂ%hufe

out put vol unbasgdDvolemne daa s apdmsasynd dasamordaelatediq a gegon

conprises a e

Gt o wor d, - TURLEPEEALARL Fer dUA b A0mBHLd S Aot G E‘%’?ﬁgv%tg%?{u‘é?‘#’ |
WN for each teabdond 3D eslhimeidderstt basédmnea pltesélb(&ed;damwiuarailgaat aiteria.pifithet P
are determ ned where V S ma%}/1 be the data val ue of an. ortbal nal .3 0 sel smc

vol une at a pdferie ape mgt, them{heyaethad furthes comIpgesorer pasedtamrdatavo. 1

ot une 188 veiesRE QbR it hd 3D Yihind diib QiR aiBlebfedhupabic Rl |
of the Conbotofiab sevend ¥yibue. Iftﬂlemnt&la &e hdstenetdmbﬂ theimetbodasonyeises lehVing the

illustrated in steps 14,16 In step it is det rmne VY%% rVS
Vi, . . . , besedagawgrd ﬁ?lﬁteéé@ﬂles%ré& Atsikage eF ﬂi@éﬁf’rpscﬁ‘fec@qr jggtg i the

LL‘SSEed22%!?%&3%3%{%5%“%%&“%@* R 1hd AN Poipfie e 3o %Eh@*%‘ye&&' n
step 16, if Moy firtHer comprise di¥plaglimgranteabti sepostividfithi kembirel 8D enlumb eatatsee

ot nt " P30y o T T B ey L B T e T
from any of :%!E’t% respective point P could be
used. As shoﬁﬁ%}lﬁ%ggéﬁtga&fﬁvﬁ? uchliS. ., VWNIlie within the criteria,

then the 10 data %Intiﬁulﬁg iMGis iBarset, adﬂltlanalmmthcﬁimwsfmawdndadé(se:ﬁecdag athied ue

that is related to one of the
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



attribute volumes VS, V1, . . ., VN As indicated in step 20, the criteria
are then applied to each point P, i. e. , each voxel for the Conbo Vol une
to be provdozoki4@nce this reiterative process is conpl et e PCA/USBYPI28h, slice
or other view of the Conbo Volunme nay be displayed as indicated by step 22.
A seed pick ' | ] y. ' r | e..eve d the
voxel s conné%?é%8@§§?§ﬁgﬁﬂg§gﬁai@ﬁgbgg%%§%§9g&vé %gﬁgﬁﬁ?ﬁgﬁgﬁgﬁﬁgﬁégﬁ%||
be aut omati cibh thé desthdd ifgthe Sconiiisef rsladitig tthe basd HoaRbeK at O eRpsetive St ep
24. This method quickly and accurately defines the extent of an event such
as a geol ogi@wirdipate ircthg base 3 heolae dafe seswithpeseeqihaelested|datarvabie relatedite leay ed

for anal ysis,and.i.nter ation e._enbodi ne of .a Vel ume_used for
ennanc ny. o it Bp! 5 thERBra citha 35 Ao FEL B mREH ruffet Bippases
boundari s Ukh{ihg G Habé 8RawbdelatédRo dRlfAsERiutctA Bl L GREGEEoLdIfatd in the
different attribute such as instantaneous frequency, seismc anplitude and

-i nst ant aneousasadP! valuwe datEisesunshinggid nbma preferzed@minslinventyithe fusiagiribotedicect
and di spl ay salt ndar i y.be.canfiqured usi conventional mnethods to
det er ni ne t kﬁé’c?‘}fg%‘g‘m"g%@l}ﬁhegﬁ%fl ia&ﬂ@ge %ngafﬁhetlée% F(gsel%’?ml%ﬁ{@' seismc

anplitude data (SA) and the 25 instantaneous frequency of the instantaneous

anplitude attribute (IFIA). Accordingly, a new salt detection (SD) Conbo
Vol unme may DBREFDESORIEHONOF THE DRAWINGS f| s | FIA(x,y,z) < f2 AND al s
SA(X,Yy,z) < a2, THEN_SD(x,¥y,z) .= vl, ELSE SD(x,Vy,z),=.JA(X.Y,z). 30 The

val ues d fI, fz,F&?-,l igpa Hn gioctprs sl biodofmbodiniehligh 2] || ' -ch

PCT/ USOL/ U3227 Anot her-ngﬁm i gﬁmﬂ /ol ume consi sting of seismc
anplitude data and ins}t nt aﬂfgg%sqh%ﬁgeggﬁ at aﬁglgn be constructed to enhance
the ability to auFniRaisk samabdtervieeilbwiratinptbatelatibnehip bstweghaneous phase
data is derived fromthe seism_c arrp%[H ugae da]ha usi ng conventional nethods.
The result is a 3D vol YRIFAHSHIINIELRCtHIRA HPAt8 VRINE PENe*reous phase data val ues
corresponding {0 gRch fe] silefafRid HilERhE Hdfild of @ihio A1 each and
every voxel, the Tnstantaneous phase data value Is conpar &d'to a
user-speai fi ed data vahmplitate ddath Valtésqrivenfa rhge betisdennt Z8wdUg7 phase dat a
value satisfies the criteria, then that data value is replaced in the new
Conmbo Vol une with a useaigichit datd velue) ayittyar asspgiated datg velwe i nst ant aneous
phase data val ue does Rl isfy the criteria, then 10 that data value in
t he new Conbo Volune is répldced with the correspondi ng sanpl e data val ue
fromthe 3D vol ungi@lat & aseherhiRrese Nusngtifaths rolaicaslibibetieen aMor e t han two
3D volune data sets can be used, and constraints set for each one,

consi dering spatial | y peskn(i Hesitivedphase) evanteand /goxregpondingpdstay z) , and
C(x,y, z) 0 wherein dataxﬁg%ume D(x,y,z) is configured as follows: 15 IF a 1
< A(X,Y,z) _< a2 AND 1 s B(X,y,z) s b2 ANDbor ¢ 1 < C(x,y,z) s c2,
THEN D(X, Y, Z) = SPfg5skeGthentatiestiw Blobesingdesbpioksfol sfo plkile D(X, Yy, z) =
anot her value. Referring nowto FIG 2, the relationship between a typical
seisnmic trace 26 and 2@l gomglegied poins within@defined datp yalinsttge; A sanpl e data
value rate 30 is FRé ured aﬁl a @redeteﬁn‘itnetd intervlgl al el seismc trace
26. The voxel s 28" 58 ¥ 30" SIBP %evﬁ?‘gt]ilgﬁr%fngo&reﬁ? H%geoséﬁfﬁl es 25 of
seismc trace 26. For ggdiféd by thdtadtPpich pRess; hie voxel may typically have
256 possible data val ues which may be | abeled O to 255 or -128 to 127, or a
dat a valdfe range Bm.&r iHuswatchyonehanbgdiment oflat softyeire pregram.orThe nmeasur ed
data values 25 for any 3D volu &lgtta et. are divided between voxels 28.
FIG 3 illustrates an S¢HDI ércg}f%e Fsrﬁ‘c impiementing ?apVQ?rges gi ven the
range -128 to 127 wt hjRep@§soci ated data histogram FIG 4 illustrates the

rel ati onship between a peak (positive phase) event 27 and
While the present invention will be described in connection with presently

preferred embodiments, it will be understood that it is not intended to 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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t he associ ated voxels 29. 30 Another enbodi nent of the present invention

i nvol ves creation of an enhanced 3D vol une data set. The enhanced 3D vol une
dat a set W 0u8@d6x o enhance the ability of -9 WO | 12/ OPCTUM$/3237

PCT/ US(1 1/ 03227 the autotracker to create surfaces, events and/or

geobodi es. Wil e tRhi h C | f unme data
set, seismc phasﬁ&iﬁﬁ%?ﬂ@&ﬂ?ﬁﬁ?@% #‘ﬁ?@@ﬁ@#@ﬁ@“ﬁ?&%ﬁow ng
description. The enhanced 3D vol une data set conbines certain of the 256
data values in an 8-bit seismc data volune with marker values that are

associ at ed OverWieswich certain data values. In order to create an enhanced

3D volune data set representing seisnmc phasg, a range of dafa values is
.sel ected around thempinzienvalyaeH W&g]‘évﬂg{néesvjﬁ%l@?atﬁ‘g"y soRPIEIgONe QAR S| ng

a peak data l.e. : al ue
of V127, '3 potalatfes Tt BblehR b RRR ¢ @S0 Yk, R Ao SHApkA! 1R
-3D 10 vol unerethiddatos sdistieudtttidatest withiada 3 valmynevdate Isst, hlay iin aceomiglished ddyue i n

this range may be redefined with a, user-sel ected ta_ val ue such as_|27. As
i | | ustrat ed Tehlapingcerain datayalpep( E/Pl%ﬁy BAERS %éép‘?%%&ﬁe Yaduesiin g se1pmcaiEibtfeo ned

Bt o- pi ok, o gDl seMARIRHE i RE Tk aPAPERRSCERL MiRE AP R .

aut o- pi ck, and displa ol nt conne to the see
range defi naeflabdenatesupfitih vabues ddfophed 4spativdlyacdimidont beiswibaatyribiife d4tatviahteswoul d
either include or exclude that data value as npre particularly illustrated

in FIG 19 wifembeYialpmesarg egpesiittyuset fagenhanging dhg periggmaperok eestelbresd and
t o- pi ck iLed {. k SIM ls )
R TR A SR B S L

vol une dat a g@dmic Hhtalificlhde) s taniplitiRligsthianeoul phase t0vatbooV olufires BoreaeeH
i nvention can be 20 applied using any conbination of 3D volune_data sets,

but for expltaerkingdnwampudsdiscopingeisceverisnmByeVERts fris piegriczegbodigs, guch as

conbi nati on of ;seism,c attri,bute ei,sm ¢ a an .S i . dat a
Sl e A wireldiist Vofes, uftibEa o IR kAuBS R Tt BSUEEP, Rt MISRIE S,
Wil ret@i n 4dhslithdsrsaatlatedCsinbb Wﬁé}hﬁes YOS uéddefod BRippirgdther Angieackel 28 t O

| 27) as shown for exanple in FIG 3. On a scale of 0 to 255, 0 would be a
-128 trough @g®legic dEsentimities dehas fartpennthengendegindosmlayiss.uda yghanothet s

lected f whi ch to.ch | b ith the hase 3D.vol
ot set. | ORI SaisSi AT ag HaRReRAG ST AEoY Valm el Sl Rt 0 ™
the fol | ow ng . HeafsParittlar eBF&@ﬁﬁfFé’cﬁr@%’s Bxprelsd@ Seibifich ,%gbl@ﬂs &klgy Batothe

a

maxi num peak Seism C phase data val ue. Wen using a pe ata value scale
fromO to 25seakehenter anlppaitowdiongh teens(Cemuarcial usdsier adfand 27 exploratiemanda|

range mght be fromabout 115 to 139 .All voxels .wthin this range woul d be
Faddar | ned i G97eIOPERR BTN inrdnc o Rarepif mifeh Guyt Bt e B e B,

WO 02/ U( 113 Rid4 A3dRdentdnt0 to 255. The resulting Conbo Vol unme would be
di spl ayed and a seed pick would then be positioned on the key event. The
aut o- pi cker process would then find all the connected points as descri bed
in reference_to Fﬂf} 5. The present invention nmay be inpl enented using

har dwar e, soPYSEEM 5FC%H@"§%nbination thereof, and may be inplenmented in a
conputer system OReRIMES nBk 6 F36) 1% S¥HLAN0 NRcATRAN HRYPreht tvenfibay e or
program structure 100 for inplenmenting the present invention is shown in
FIG 7. 2& tilmstatsd fafdemrmipingthstdatactalies a3®oiates] with vereslsior prgaiys aeautpon .

Systom or VY RHBRASRISE ARKION S SERSE BT RSP oo lp SE s

location and a data value, such as a 256-value data word, i.e. an 8-bit word. Instep 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 a 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

-7-



10 systens as woul d be apparent to one of skill in the relevant art. Menu
and wi ndowi ng software 104 overl ays operating system 102. Menu and

Wi ndowi ngv@ 0t/06ta¢le 104 are used to provide various nmenus Z&A/UNHEBEE to
facilitate interaction with the user, and to obtain user |nput and

S et on RO R0 PO SRS b I e AP
Massachuset t genk |1nﬁ§t@te;afm'5ﬁ>@bllmma¢—)d1&md MOTI FTM (regl st ered t rademar k
of Open Software Foundation Inc.). As would be readi g apparent to one of

skill in the rel elnastep bh.tif isoletermimashhether Vib.Ndowi- ng Viblie wethin weurspecifieso be
used. A basic aphi.cs I|br 106 o S rren and W ndo sof t e
Toh Basi o it Ra FSapce photet hese T A PR bt A g Bl

(API') fors 3D 4QuRiHiEK méf b%él@éib&ﬁyr elafoﬁvmgs' v0g, Rer foroe. bys Rsirsted in
graphics library 106 i1 nclude, for exanple, georretrl ¢ ‘and raster primtives,

-RGBA or col ostep helékV8pdb,. dVé"bd(ayoﬂllesmtlrun theraméetiza then tidata mlmﬁécamtt

del f di dd f
B pha. bl end, 15 etanan s e s e yie 2015 302 e it e R R B e s
effects (fog, 2@5@%}@&%{% t&&ﬁ%ﬁ@é&lfmhéﬁb Q6lubHataSIeRH e BARBEBFe paAd

accunul ati on A particularl’y preferred basic graphics Ii brary 106
is OpenGL, aPaohldbkesdd dmsﬂin’wnansteﬁal&plfiMSsVlj nc,VIﬂhS@lth)n tthmtﬂrm 'dnenfltlmN

Callfornla The is a nulti_-platfor |nd rd th

har dwar el0 wi ‘i’ﬁi%waaﬁﬁ%@p‘élsﬁtqt ﬁ(}}s%ry?F%‘#F?l Hﬁélﬁ?éﬁ]a@ﬁ’ta ?artgﬂa

be call able RAN,y~d @gé%p
OpenG- performs eac%gn% Vﬁﬂhnct\ﬂgn? Iq?&g%%gda X e for ggé}}ar(-:m%{r}gg P S

library 106. toSeith podwm s, eaahapeaeoe@msﬁemrobwcgammb e prodycedt Orice thisl
WO 02/0I 1-1! 3 PCT/USO1/ 03227 be drawn, and ot hers conir ol how‘%%l“\e obj ect s
are handl ed. reteratize praspssds eqnuplgte, aprcton, stieaprothenvisy phibe CombonyQluge maye

texture meno é’ dﬁgﬁ&gg%ind sft%:] %Zfﬁgkegfpﬁﬁgﬂ %x {C?é( %l?os% 'ﬁ%ﬂ; a visually

appl i cation ent atton may operate on

the saneypr dilséér@maévdﬁaﬁmtn@am&muﬁ@t@mag Haﬁmgeliewafde dhfaaiﬁﬁﬁaﬁ metseed
OpenG. 5 is described in nore detail in the en@ Progranm ng Gui de (I SBN:

0- 201- 63274- pik avill bpragtomyéﬁq@y Wenifiehasandigaiad by @heémo-mclz Oprogsss 18 siep 24t he

entirety of iLncorpo d her,

si nul at ?/on g ‘ﬁﬁ’i"gg WIBF@?' gctg@tgﬁl ‘%3"3 pesi |ex{%ﬁp%fb%l e(r:vgﬁf&%ﬁ;a?a g%%l%‘é?c\% sual
sinul ation ggRARMIES Thi Eﬁeﬁ%fﬂi&v\eﬁt od01dARn BellisptdyRa Foragalkyeis hnd inf@pretation.

mul ti-processed 3D 10 visual sinulation graphics applications. Vi sual

si mul ati on graphi Osle bmlboémenlw Gorpbe &f@bmiq}h?éd foé ﬁghqnﬁmg the ahility to é@@ifh@if

graphics,|ibrar ontrol functi t rial

t exture, (Lnd’i ﬁﬁmﬁeiaétg 4%1“ %ea?c set gpe{'&g C%SCSF%%I[% ?%ln of
di splay |istg;p Eé%@ﬁtuf%adﬁlﬁére’h%t&ﬁfu@&dcﬁhﬁhstaﬁtaﬁ@fuk fregheicy et ahpRAldy isdial

si mul ation graphics brary 108 is IRIS Performer, 15 available fromSd3 in

Mount ai n Vi einsta@taneéus amahtudﬂ @hmmb@mxents@fp@&onmwuwm teydajsnt and

lib di LRI S Perf bpf
and |1 bpr - afBDRBaRT BuGidenS By b pieid iRl SRRl BieRisifue di o”
libpfutil. ThathesesuChmpRude Retifoatend@A)ioF thé %emnd ampHide dat£(SiLy bﬂ@ the

library libpr, a lowlevel library providing high speed rendering functions
based on2%eo0 ggta@ta@nwsgﬁrqm@n@)s ofthgirstantaneous amplitude attribute (IFIA). Accordingly,

a new salt detection (SD) Combo Volume may be configured as follows:
If f1< IFIA(%,y,z) < £2 AND al < SA(x,y,2) < a2,
THEN SD(x,y,z) = v1,
ELSE SD(x,y,z) = IA(x,y,2).

30 The values of f1, £2, al, a2, and v1 are user selected.



20 control using GeoStates. GeoSets are collections of drawable geonetry
that group sanme-type graphics primtives (e.g., triangles or quads) into
one dat a WBPYE(I463The GeoSet contains no geonetry itself, SRIUSBHIREErs to
data arrays and index arrays. Because all the primtives in a GeoSet are of
the same type andahks ddifodiRER: dFla!Cdnid PoluncRBASS R REiHRS imfift AR R8RS | S
perforned at maxinum hardware spee oStates provi e gra state

definitions 4nd. @stantafedusrhass dﬂtatoemlﬁl éonﬁMct@tbSem}mncd_&)eeﬂﬂﬂtyatbmlRoﬁ'acﬂlpr is
i bpf, a real-tinme visual sinulation environment providi rlig

hi gh- per f or nanedheT Fgisaic Gi"%tesg he| dpsigancops phRse] ‘?\ﬁa 4y derysd fam Bist ssismigs use
of multipro

-provi des funﬁ@gﬁ%ﬁ% ??1?‘?1&“8%9% eoma':IL H: cés]g}réég é?bggg%mn%gagtg%ﬁamges of
3D obj ectss, 1§§taﬁtﬁﬁe(ﬁ1'&s®h§seaduﬂa Gﬂuéﬁ&ioﬁ’esp&inﬂmgaﬂdacgﬁs&fsﬁat emplitidadgtasyabie drps
from i ndependent pol ygonal input. The database library |ibpfdb uses the
facilities ofoxel.bpteach andogytery soreel ﬂlbmstztnéaneﬁwhaswﬂtab%@ if cp@pased to o

WO 02/11d ~G3 _PCT/ 1, /03227 e

ormat s, et geare i PEd of ARy LBl s BRULO N ARAT A (et aRRRame

bl ocks for Writrid) shefBRAtRIAtASal @ 1s ﬁéibm@@ﬁfthéné\@ComFleﬁlhemﬂia&&el( £1‘aeaiﬁi:dC++
programming | anguages) Finally, the libpfutil is the utili Eﬂ;}/ i brary that

provi des roLmankesdeft@valuwpﬂf&mmtmﬁgwpa%msgdﬁIﬁV%lye fegstptystinfydhe @jeia fhen
t |
whbon usiE® | BrdeREA SR R BB Rl etk € e P R RS 0D O

steps in prephd REmitAE 3D urhé ﬂﬁa%&r&pfés@kmglsamhaianqﬂltude Initialize IRS
Performer; 10 2. Specify nunber of graphics pipelines, choose the

nul ti processi ng chteié gan &vo 3R vohme srcﬁnhauaﬁdawl qepaicaints seidfereagh oge,

Initialize chosgn.nulti cessi i fo a nd set
f r ame- ext endCPSIIEEYE sgat?al%,cgg%(;é ?V%IH'F'(S ﬁ‘é’f‘f hiaje( ’yvé’rﬂi’&/@n;' 2y ‘é’gﬂ?Pled
and 20 6. Crgaf Gorfid QN HAYtenfihedd Avfonbaanel s as required. Once the

appl i cati on program has c¢reated a graphical renderin g envi ronnment by

carryi nglsout stepl dl & bx(@ygh ﬁ”a@ﬁﬂjDéQRbhe:rB@tbeZ)aﬁobﬂl fooal sCGgY ae €2,

typically iterate hr ou mai n.si mul a once per frane. 7.
Conput e dynani cs, ﬁ]‘éﬁ%’b gelsmﬁﬁtspefc&ts SUsepy eQ?edSAa??Dg?lﬁﬁf until the next

frame time; 30 9.pPsrfmk g)ia‘tﬁ{b@%r%]ugl cal viewpoint updates; and 10. Draw
a frame. A conbo/enhanced vol unme program 110 of the present inventi ons
overlays visual 35 sinulation graphl cs library 108. Program 110 interacts

with, and uses the functi ons arri ut b ch of vi sual and
graphics |ibrary ReringRewt Ié;pﬂr lq E{*}’@ enadypic lsﬁﬁlﬁgg\’/ﬁa#g a

sof twar 6,404, ‘P\ﬁght?rp@f ?gﬁew z§y1 MOZA's@n@émaQaraldsn&w:m it BnRB6re@fatSKi | |
in the re eva 1161 463

predetermined interval along seismic trace 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

9.



PCT/ US01/ 03227 Program 110 of the present invention is preferably witten
in an object oriented progranm ng | anguage to allow the creation and use of
obj ects Aav@lou§iect functionality. A particularly preferre8CE3jS8¥9328% i ent ed
programmi ng | anguage is C++. In one enbodinent, program 110 stores the 3D

vol une data nner. we S nt
vol ue Sat 2 bl oINS ko, SRR B0 s e s HiiRYR™
vol ume headegpfied {oas dy gt B oReak/daed sefl 3éismidptiasd datevalhadnge wed imefaéme of
the data set. The vol une header typi cal[gg/ contains information, in a

prescri bed dethecfotowingdascriptianhd hﬁlenhﬂnp 3|D(Vpblé%ﬁ daihset §pmbHss partain eEthe

size, dinen in the x and z 1 f Y,
.and z axes, Sjéﬁﬁ%faayqlg&mmfag “bifaeidmic (@ %?’?:th lﬁ%ggl\%tl%e%&ﬁat(?? : %{gp chall?ég a
bi nary sgque‘pﬂgswh&ytbﬁﬁdatmu@r nore byt es per data val ue, that can be
ordered in the follow ng manner. The first byte is the datavalue at vol une

-l ocation (x, y, Zerderco @yeatem@nbmﬁangpﬂ@m datp pef representing seiginiomdiageme
| ocation (I,0,0 the third b i,S th at | i .
(20, 0y ot ot daevatodt el ot R AR Rlald Bioas” SRk oror o
I ncr enent ed, maaﬁicef Wheh héiné RBedk ddta VRN sedle Bidm KOS RWAGEa parﬂ@w@ﬂa $eaidath5

invention is not Timted In any way to a particular data format. The
program 11 0 \fakm off 124, aspotﬂmpaltraflg@m@tbsérom ebowtdiifits §3ndlbroxel indhedB dat a

sets to use f ana When ta volunes is
used, ¢ HO datchvmp dategrv el ne el aad ooy Ving Hald vy infh P bR,
di fferent p'}%&éﬁ?éd il af{!@élesfeléa{edaéau A ﬁlch% 1bhe A&qmstﬁﬁ&gﬁﬁﬁﬁ' s, sRR@e: By
way of exanpl e, l'uraltit data vol umes coul d i ncl ude a geol ogy

vol une, a tqﬁplesatpiclem than bea&mhaﬁy\msmonahwuhatacsdemﬂ wvent. TAecongeers i n
the geol ogy vol une can be e [

xpressed in the, for X,. VY, z, .sej.smc
arp! V1 ude) | e et Be Ry SF AR PIRY) GRFLCIRBIAY By BoiRT LCQaeRtEd e

form (X, I

expressed | it AERRIT YAE oty bR iR ol B4 Ui YOG cFELBE 36,
space defs nefabwohldesithex Rlchide or 22cl@de thabllath halne a‘s’(ﬁhdtﬁ'pﬁrtlcﬂlaﬂhellﬁsﬂmed in
However, for any Sﬂg‘glflc spatial |ocation (xo, zo), the seismc

anpl i t ude oG Sow rﬂuﬂﬂmdi eepbofe forasdoagya wnhrﬁ the 158ed Piskest IHRPITK t he
t enper at ur e voI u

oo Sk L A ALl g S

di scl Osure and deﬁpaﬁ&hemnwduh&ﬁ hlﬂ}bﬁfﬂolYDdSlum‘é ib ldetiedd RbmvioRnHaespé aDat or y
thereof, and it will be appreci at ed by those skilled in the art, that

various changdemeataset.sit smporapico ante theiithe mefhod of the presenyinvaRiQLFADDS)

| |
canbi natdtbneaiey Bsingaby Bty 8 B lohufe deaBel b Tor ArfiATBpURK'ON Of
departing f rﬁb‘i@rﬁlh%x&rﬁprellﬁu)@{qdkﬁlﬁsm@decﬁlhblﬁﬁtlondﬂielsmm&%ﬁé,%mﬁ@hm

What is clainmed is: PCT/USIII/03227
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 data 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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1. A nethod for conbining a plurality of 3D volune data sets in a single 5
out put 3D vol une data set, each 3D volune data set conprising a plurality
of voxel YOQABH+630xel conprising a data val ue and bei ng p®&ETYONEH2At a 3D
| ocation in a respective 3D volune data set, said nmethod conpri sing:

sel ecting a fdy.strs2Dval : ' ' i :

sel ecting a Jsfé)(r:%nzc?g?,lg\h\%or?%é atalgﬁgzoq]rﬁg%ra@gg%{%s gglésc{a%%dnﬁgéfg Ig%i{ ?P%lﬁlt e;
conparing eatén bé podiichedadrathe dley esentn Tk autagickangocdss swiudd fhien Sind3dMN thel une
data set and said second 3D volune data set with a presel ected data val ue
range; i nseraonngrted pointstas descaibed ip wigrancgde FEGat- a position corresponding 15
W th said respectiye i | .d: . each
-data val ue wit hi nTﬁs/ea g‘%%@t i\eﬁl@\g}gﬁﬁe&rﬂ gﬁigeel;n%%ﬁ %fsﬁg}rl e?r?bs\ﬁ% gg@on ’ggﬁg\%ﬁeg{ fat a
val ue at 5a pRHBiIhAdNEREEES paNEayBe hilemé&dedin Bpatidrsgsteraton othel pi@cessingai d
out put 3D volune data set for each data val ue outside_said data val ue
-range; and Xystgis pPayemyodimangats sadivere agrpgimoyirustirg 180 fpwnplsmeptng e dat a

. 2. Th hod of .daim 1. wherei id fi lue i
ol ated 1o SF prepigh & Fhdin NSRS S Be hd b BfORh R 0B K Bl 3, |
second sel ec&;ﬁ?ﬂtﬁl@ts?‘swﬂlw. Bitdbid HepdlingQy fains 16PERRMe ok &:xdmtlE thelUNTK®

met hod of Caim1l,” further conprising: “inserting a seed pick in said

di spl ay for atetating system, an Windows NI ® dtam dictasoll @hpetatiah, gh@hemenssatingai d
seed pick bein oSiti d at a respective data,val pye position using said
di spl ay.llé- 1§YS%9£65@9"8‘2§E?W%@W%5?¥%%§?333§13 Kot hod of O aim 4,
further conprisi nGfenRYh@wWihddwing séfrhvardana ovalAROpeARnS &) fem!102S AchisarRd

pi ck which have t gnsane“g%talvglsue as saiod r%?pggtivg %ata val ue at which
sai d seed piwindowinposiftwase @04 ars Bed Thproviziehadion$ niEhes andlwindowseo fiacslintd

first 3D volune data set and said second, 3D vo]June data set are C rised
of seismnic datearckien vaththe useesnd F%Obéalﬁéﬁﬂrb‘}ﬂ“é%}?‘l @%@Wﬂ?-é\/leaw.wq’tﬁg&%t hod

of Claiml, | SN0 i [ 40|
Pepresent i ng R 10F GRPIHRIREror 8l RcROBNGhaghsiR X WindBhyShh,
| east ong Of(r?fiétéreﬁi tradendddk vel MiEsabhtisetts elnstitute bf STekndlogy),vandiMMOTIER! set ,

and said third 3D volune data set with said preselected data val ue range;
(registered trademark of Open Software Foundation Inc.). As would 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 (API) 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® APl is a
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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15 inserting said first selected data value at a position corresponding
with said respective data value in said output 3D volune data set for each
dat a val ¥O¥/041i#63 sai d data val ue range; inserting said s®@EIAFOERI22Lt ed
data value at a position corresponding with said respective data value in
sai d out put . r al I I a
val ue range; bSeaI%i 2 %‘B%ﬂ%ggloé%r%gotngrto F?%‘%{sht% Ocl))ﬁ g&% (raég?a{nglﬁ&b fAL @é%é%%&h@%@g%l%u e
data set. 8.stde uved (lBontentagahsexintemerdaindthb framertadier,van babbehjieddya
program of instructions executabl e by the machine to perform method steps
of irmaging anclisut prRRlicaBompring PpplkR: Qresl ®and thyylirst aprlicatignimay eperate
including a plurali . I i and
-a data val ueo,lq1 tﬁﬁgimnée%{%&ége%égﬁ%%lag?eﬁgﬁ&su\é?aesg% 1 ng(be{gllg urgl1 tl?akxt;éi?aor% &ggg% llgg“@y
coi nci denst 3Pd¥RtiveEindAére deril $n thd OpenGLOFebgramnsiag Guiie (IBBNe201a632Bes)s | S
related to at | east one of a ' corresEondi ngﬁ)l uralit% of attributes;

9

30
.sel ecting oreadghe fneaGE® Befesance Manuek (ISBN: A-2QlopdrH0r D thsi antireiy 0 both efes of
. sai d pl L i i nci dent dat ts; -17 WO
one or nore Oé §%‘Ty’6§%‘%§9ﬁt¢1&s eﬁol{l#grg%te#e%éy coi nci den ata sets

02/0d a&x@ P iTSt preselected data value at a

coordi nate corr espRudi situltibilgragtiick 1IRSHA08 bvalafabasiv@hpldcs libragil060Visaut 3D
vol une data set when said data val ue neets said one or nore sel ectable

criteria; arsimSlatios@raphicslibraryl Hfsis andPE &t dreptingfregletinieontbiciprogessed Bhme
data set. 9. The prqgram staqrage,.devi ce,of Cl ai.m.8 erei.n sai.d fir.st
presel edfed Y:lﬁiaimgr&ﬁ ngaPlB?%fg’BHc ‘8n§ttev ﬁsﬁﬂﬂm‘gﬁ@w&gﬂfﬁ%ﬁmﬁggipWVl@‘?S
attributes. ﬂlﬂc&&s.tﬁ&%tﬁﬁﬂﬂﬁ%ﬁhétg% 15Xy Gt Eortd A A Fiond SichRMighting,

conprising: inserting a seco presel ected’data value at a coordinate

cor r espondi ngatstibls, texiwte,r asipeaisparencyat Ehesalfurctions smickl sttt pud t@rediamed dat a
set when sai(gﬁat 1 val ue rﬂgets sai?ﬁo.ne or nore selectable criteria. 15 11.
The progr am GeRiawfeis daafica berendersd [atety -~ wherein sai d second presel ect ed
data value is rel . : :Sak I i f
attribates. 12 TRES R prtERs vaRA AR B o ab 108 RIS PO opmer,

pl uralitys ofavailbblebtoasSGE iradbuiiteinaVéslv,t Califorisai cIRISt Berf@het Jupponte theod

for displaying an enhanced_3D vol une, data sef _related to one of, a plurality
of attri but €3PenGlH§ exapbiss)ibraiydiseussed @@FG-JBH%PFE?WTH‘%‘]GFQYQ ‘P'g’/‘ngﬂ’rﬁfé?y?el s,

each voxel c i Si j Sjiitt | : sation in
said 3D vol UW&%‘?%% rét%n Qgéllf}ﬁ%lgtéﬁ%d? c%‘?r%lf Pg?fﬁg’ lllgéjgﬂgg%ipg{rh %gﬁg) c 1('Jlat a
val ue a data val uBh¢ bl IRES Rbrfdamer ivthe perfomngee teaderinglilrat Hbprt alowriever
said plurality of attributes; selecting a criteria and conpaying, each data
val ue with shbrarycprovisinghighspesd sepdermgftacins bagsd %E‘SO\%&QE%‘I &"ta%]é‘cﬁé@ec i on

| NG ' t v ' . t
when sa dogontlel sl GRSafe ebBetdnt Bofi@find BEARKAR)C R AR Bl T ©
PCT/ USOL/ ( 13¢have-typs gfdphitg peifiiitivedds. 8., tringles at quandg)daiotone dataobjeets (Thedico§etni t h

sai d respective data value in said enhanced 3D vol une data seBE when _sai d
dat a contains no geometry itself, only pointers to data arrays and index arrays. Because all the

primitives in a GeoSet are of the same type and have the same 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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val ue does not neet said criteria; and displaying at |east a section of
sai d enhanced 3D volune data set. 5 14. The nethod of Caim 13, further
conpri si MO 020G1463zi ng said display for inserting a seed pPER/UN1/8323%| ect ed
event shown in said display; and auto-piclting a plurality of data val ues

connected to said seed, pick 1 j h d ; e | ' t id

seed pi ck daft F AR ”éq‘P isgﬂggg?d&%ag’g%egf\ég?%ﬁ' ?l‘gb“ég“ f ?sodn‘g%i]ilg%&gce Ifbrky

aut omat i cal | y;d6h6iet Bhifing@Bloeks RtwidingS@helpeMest corhponehitsnfel heud ihterfaces

rendering a combo volune derived froma plurallté) of 3D 15 vol une data
P

sets, conpri(€ mgl Csé¢lmagramning banguass). v Binale, hatdidpssll is tha wildydbrap tha) ume

data set conprising voxel.s haying . a 3D coordinate d r sai d
base dat anorl§OBEeEH “r“é‘le%nf‘érdlq%e gqtmgstt%l%f't ﬁupﬁ%ﬁ\é{}llt@@%@ﬁ @%ﬁ’é‘ %@%d&gD

vol ume data Qgﬁmcaqjsgiﬁ%gﬂeg(@ﬁl)\{gﬂlyﬂe 20 data set conprising voxels having
a spatially ¢€olncident coordinate with respect to said base 3D vol une data

.set and a second Aatpplmation progtastiwhishaiseslRdh Berfonrear pad @penGL®@ARLpigale| s
in said second 3D vol data set based on a.firs resel. data val ue
range; 25 re??é‘é’r‘?‘ﬁéh%éﬂgw&%?g?s\}’éP’f.ﬁ@‘%?qréﬁlﬁﬁenﬁgl) 5’ P?ile %‘glg&ea%ggt aword in
said base 3D vol une daja sejnivifB RIS PéfdmieE,esel ected data value related to
said second attribute when said respective voxel in said second 3D vol une

data set, is within saig firgst esel.ect ed. yval. 1..and di spl ayi ng
at |east!% portion of 2’ai d SP) WbﬁﬁgFg@?:ﬁ%%%% %’;}%q;;l%

PCT/ USOL/ 03227 16. The net hBYUYIOESsng, COMIENAHARy MYhpFfR%H¥g: positi oni ng
a seed pick on an event usi h@d‘é’aiednﬁ‘iles‘ﬁlflfﬁ‘,iedénd i dentifying points
connected to said seed pick which have the sane dataword as said seed pick.
5 - 17. The nethod of @& ai nirdifiglizelchosnmatipcessmgtmode; a geol ogi cal
structurgs 18. The method of Caim 1S, further conprising: selecting a

third 3D volune data sgt, safialjRiffahnedBie/Rlduerfatas-axead pdikygonpri sing
voxel s having a spatially coincident coordinate with respect to said base

3D volune data set and.a thjrd.d ) I . j ttribute;
sel ecting voxels in sa?'d thlb?e te3%Smgeahggﬁéﬁggﬁ&ggsﬁe@qgﬁe% second

presel ecztoed data val ue rang8&®

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 9. 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 rendering a revised conbo vol une by replacing said base dataword in said
base 3D volume data set with a second presel ected data value related to
sai d thi MO 8ve@#eut e when sai d respective voxel in said t REFYSEH2T une
data set is within said second preselected data val ue range; and 20

di splaying at le ﬂ;igp t hod

of C aim 18, Whe?ﬁ "‘8‘3?@ ?ﬁﬁ%g res%rﬁ Lﬁi‘benﬁ Xh%sgfq' %9 C%@H{'E{f %@eﬁmﬁn sai d

thud attri byi;8odhfnifa tHhghfdeab allowwthe@baivnGind abdof obfédts and object functionality.
CA(Y% A A& ;AQ%A A&. A99 A99. A9% A&L. A&9. A% A99. AH. A&% A9. A% A&9. A9 20

FK{ vl gb] ijA@mapbalqufeafd:a@eat]qm}l@é]mglaa}m@g l:aag'e%]eéa]?éa] caU] ca] c<a] caU]
< < <

T 3xuagpTeupkt 2 W G E ST DAY RO L O FRaT ) e B R AP e s g At ety oo o

aU] caU] caUl caloeay ’165&16 aF §1§]1Ciﬁll€@ﬂefe@11§taa]r§ a &%’\{Iﬁﬁf@rﬁﬁélformat f01 data volume can

" 6#H#HH#LSh$$% © mhch
.ca] cal ca] ca] wmtbbelwalmmay ohjaune Apsls) Db o3 bkt R stiontiet ) - o

ca] el ca] o) 92 Qe At o A enTbe B %%ﬁ] %?E’gf@f‘g% (L fiEh BB 52

4 444445" 5 5§e§§éﬁ§ %@W@it@@ﬁé oif ]Rsam Srabliath bdicats; almalseak eplea] ¢adnaal ca
] ca] ca] ca] ca] cal] ca] ca] ca] ca ca] ca] ca] cal ca] ca] caj ca] caU]lca] ca] ca] ca
778#8n88$ x z dlrectlons annotatlons for the x, y and zZ axes annotations for the datavalue, etc. The

CLBFFFBORHa cﬂdiexleﬁilﬁﬂ e%flk&%ﬁ]%ﬁm %%%MMGLNalﬁaynsallaakg al cal

cal] ca] ca] ca] caJca ca ca caJ ca] cal calc

a] ca] ca] ca] calaraded)c dhe a¢a§m]1¢aa]a1a}\lma]at?arhlﬁé’ht3@m§@®aﬁmm3) ,0), the third byte
b uh e AL e ke el -

AL d ted T t
Jelmyl]]. A\t,be X S,\g@ensm@:s 1ncrem?{1ted aré% ggalgrbtpe%cgﬁlg(nssmn ds inc U]e(%encea Jhe gﬁsgré j cal c

a] ca] ca]1x] cmk&m&hnah&cl&haed.ﬂm@a@m]aqm]mﬂﬂrda]acfa]ma] ca] cal ca] ca] ca] ca]ca
] ca] ca] ca! ce' eveef df f gg$g3ghh+i Wii[]j k5kgkukkk. | I{eg #ouo (g':‘}n@ a] ca
] ca] ca] ca] ca] ca] cja]]“?:afjoéﬁ‘@} 21&] fasiinatpsinpy eardla?réa]‘ a?llea‘]r ] ca]

11 o] ca) cal e G REE AR RRR e AR Sl e e 3y

ca] ca] cal Caalét@]at@] €| eueh o] ma'ﬁlwhﬂlzwdétthmoll}rﬁbﬂdﬁfes&m up Rifteredtt | yfical ca] c
a] ca] ca] cal] ca] ca] ca] ca] ca caU] ca] ca] ca]ca] ca]ca]ca] cg]calca]calcalcalca]c
a] ca] ca] ca] cparametes eattripmtader thermis EROgTRRhIS BRACE o PY 38y Of e%gept @aﬁ]’@i“]@] 84] ca]

“pLealeohf shoakankeakihinland sphen) sohse) spantae shishe a oW

ca] ca] ca] ca] mﬂﬁabxcad;lom]eCﬁ]lﬁ@U}celalmﬁ]e(ga])bgy mﬁﬁmahhé|empnehseﬁl1gﬂ]e>¢]o]ﬂ1c(a] ] ca]
ca] ca] ca] ca] ca]ca]cal]ca]c ca caj c ca] caJc 1] ] cal cal cal ca %] ca] ca
] ca] ca] ca] caYapeismic amyl F‘“ e(’?’“ PSR olume can'be expresse
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yl10% & () -9@10% & () - yY!'10% & () - &SH10% & () - ==D>>?[ @@E: /| 10y7

109 & ()-95g#10% & () -

@! 10% &WOID@#ANY & () -f+10% & () - *10% & () - COoaan0: APAREE/US01/03227
10y3G10%&' ()-yy 10%& ()- "109& ()-&10%& ()- 10" 10" 10":

10% & () - PAAAXBC. DEdEbC 103! 10%&' ()-9@:10%& () - 109& ()-9"109%& () -
'10%&' ()-S10%&' ()- EEBFFFBGGJEbC 10939 ()- y#10%&' ()-! 10%& ()-@
109 ()- 109 ()- L-#10%&' ()-GH@!1111dEDC 10 4

10%&' ()-y210%&' ()-010%& ()-/10%& ()- 9s-g#l0%& ()-&

109%& () -1 $J (What iscldhddIhC 10@ 109&' () - "109%& ()-10%& ()- 10 10 10:
109&' () - 510%&' () JJ6KKKHMVdEbC 109S- #109%&' ()l y 109 ()-"109%& () -
109& () - 1098 ( Whg;lfmp@g@;mj@ ifppf 3D volume data sets in a smgle

8 ) 0 ) A e ) PR
“#Rt RRRA S8 S9 Sath SeXdCokfpribihg bllalvalue and being positioned at a 3D location in a respective
3D volume data set, said method comprising:
selecting a first 3D volume data set representing a first attribute;
selecting a second 3D volume data set representing a second
10 attribute;
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 a first selected data value at a position corresponding
15 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

20 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.

25 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:
inserting a seed pick in said display for determining an event
30 related to a physical phenomena, said seed pick being positioned at a

respective data value position using said display.
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109& () - Y7! 109 () - L5@10% ()- 4s109% ()-S2109% ()- ; SOS_STT. UWEYNC 10 fs
109& ()-S 109 ()-L 10% ()-S! 10%&' ()-"109%& ()-910% () - U VWWEXXXdEYNC 10
y@ 109& (WO 03061863’ () - 9#10%& () y3! 109& () - 9y- #10%& () - f PCHSKSO1/H3227
XYqYY% {[ [ dEYNC 10 ,/  109%& ()-9-- #10%& ()- & 109%& () - 93%@10%& ()- y#

0% e b7 Eal! }Tﬂ@%ﬁ%\e/é) P el o g T R

10% & ()-F10% & ()-f 1Qf6-6i all data values connected to said seed Ple which
F11100 & ()-3"10% & () - 1006 i JBA0EYNC 10§ 1008 ().y 1098 ()-S

8&10% & () - &y 109%t@ve }hefsamml%'a&/a(qeas E@d"&@p(?‘)tl‘@#i@ m%@ﬁ@m
83Y6#10% & () -# 1098 & ;1? fl10%& ()- y, 10%& ()-
10% & () - 9@¢1ow el SROSHORES 4f dEYNC 10 4 10% &' () -y2

10% & () 50! 1098 & ()-f/&10% & ()- & 10% & ()-& 10% & () - df f ggggg$g3ghC 10
"10% & ()-&10% & ()- 10" 10" 10"9:10% & ()-17!10% & ()- 95@10% & () -
- 6. The method of Claim 1, wherein said first 3D volume data set and said

second 3D volume data set are comprised of seismic data and said event is a geological

structure.

10 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;

15 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

20 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 output
25 3D volume data set, the 3D volume data set including a plurality of voxels, each voxél
defined by a 3D coordinate and a data value, the method comprising:
selecting a plurality of spatially coincident 3D volume data sets
wherein each of said 3D volume data sets is related to at least one of a
corresponding plurality of attributes;
30 selecting one or more selectable criteria for comparing with data

values of one or more of said plurality of spatially coincident data sets;
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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 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.

15 11.  Theprogram 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.
20
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,
each voxel comprising a data value and being positioned at a 3D location in said 3D
volume data set, said method comprising:
25 assigning each data value a data value range, said data value range
being related to one of said plurality of attributes;
selecting a criteria and comparing each data value with said
criteria;
inserting a preselected data value at a position corresponding with
30 said data value in said enhanced 3D volume data set when said data value

meets said criteria;
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shown in said display; and
auto-picking a plurality of data values connected to said seed pick
10 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.

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

15  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

20 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;

25 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.

30
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selecting voxels in said third 3D volume data set based on a
second preselected data value range;

15 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

20 displaying at least a portion of said revised combo volume.

19. The method of Claim 18, wherein said first attribute, said second attribute,

and said third attribute are each related to seismic data.
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