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1 SYSTEM AND METHOD FOR REAL-TIME CO-RENDERING OF

MULTIPLE ATTRIBUTES BACKGR?UND OF THE INVENTION I. Field

of the Invention 5 The present invention relates to a visualization

technique for co-repdepng MRWtRIerREHRHIeS R kg2 ivpe. thus forming a

combined image of the attributes. The combined image is visually intuitive

in that it distinguisheg sertRNEeTuay DT ar ehjaatiBUaEs substantially

indistinguishable in their natural environment. 2. Related Art 10 In the

applied sciences, various fields of study require the analysis of

two-dimensional (2- D) or three-dimensional (3-13) volume data sets

wherein each data sgh PRy:RaY i biiRigRtGRYiesigRPresenting different

physical properties. An attribute, sometimes referred to as a data value,

represents a particular physical property of an object within a defined 2-D

or 3-D spadd”AddayaNi& may, for instance, be an 8-byte data word

which includes 256 possible values, The location of 15 an attribute is

reprasensedeby {eyiiclateivalue) ar (kpylizridataedaliye). fithe-attdbite moltipie

represents pressure at a particular location, then the attribute location
attifiEgsge ERbiassdraomRing 7 cprdisdragn théhaedibdrfieithegrombined image is
visgﬁpl%tﬁ”\% ed a Iaatl. E?pd%%@h%{egcc%-l‘- iﬁS ¢ ezrl]tgreer ngrrz]igg%eélc:(% tliae %03?3 r;ﬁ stantially

Imaging {i\/ﬁ?lﬁ’ delick [0eed’ts produce a picture or di gnosﬁc Image of"

indAeME:SReRIlicuRreRQfAREISANS DOy, typically representing the
coordinate and a determined attribute. Normally, 20 each attribute within a

predetermined location must be imaged separate and apart from another
attridute. F&e@%?rﬁﬁle, one attribute representing temperature at a
predetermined location is typically imaged separate from another attribute
repraseitingRiesskesat i sus ane laoaiibnedittshdheagiagonsis-difransional (2-
particular condition based upon these attributes is limited by the ability to

D) disihray dansisigie it ributel aradpietstafiviiie d48cativ e W Do sptisesiributes
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representing %hf erent physical properties. An attribute, sometimes referred to as a data value,
represents a particular physical property of an object within a defined 2-D or 3-D space. A data
value may, for instance, be an 8-byte data word which includes 256 possible values. The location of
an attribute is represented by (X, y, data value) or (%, y, z, data value). If the attribute represents

pressure at a particular location, then the attribute location may be expressed as (x, y, z, pressure).

In the medical field, a computerized axial topography (CAT) scanner or magnetic‘
resonance imaging (MRI) device is used to produce a picture or diagnostic image of some specific
area of a person’s body, typically representing the coordinate and a determined attribute. Normally,
each attribute within a predetermined location must be imaged separate and apart from another
attribute.  For example, one attribute representing temperature at a predetermined location is
typically imaged separate from another attribute representing pressure at the same location. Thus,
the diagnosis of a particular condition based upon these atiributes is limited by the ability to display

a single attribute at a predetermined location.



2 In the field of earth sciences, seismic sounding is used for exploring the
subterranean geology of an earth formation. An underground explosion
excites seismic waves, similar to low-frequency sound waves that travel
below the surface of the earth and are detected by seismographs. The
seismographs record the time of arrival of seismic 5 waves, both direct
and reflected waves, Knowing the time and place of the explosion the
time of travel of the waves through the interior can be cglelated 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,

(6-9., 50 Fizk QU )BY SRR ARNCTRISH ulh SXPTIRIS2 AR RS patic

device that works like a balloon burst. The sounds boupce off rock layers
below IREEEEHESPENY SFEBILKEET T by tHE Ry pRoKeS. Th eithar
applicati, SeildelTadessegriamt arycs thcrrd sl tapasio i ethults
and domesard mappadrys tHéhyeflectivewaved. fFHad afariv oflexted and

progessgek tefraatcai M aluine. dalaybetse Amd-i dbvaltimesdata et is
made Yp.Qf :MOX G5 UaVRIHMESIE RERtS-DAVWRY - Ha¥d £:60QEINAIES. dzach

voxel represents a.numetic data valiie (attrinute) associated witn spme
measured or cz;ﬁcui[ated hysical property at a particular location.

Examplés B GBtogit At Tatiaeinchiue dhiptia s pia8e Hegtiency,
and sebitstaies: Diffdrentdata salids wralstered T tirtErem S-Dr8itmhe
data setspwhedeiincabahwdiP like lubabdaters e e preseritsgcdifferent20:
data value. in:Qrdarnio analyzgLertaingeslagicahsisuctivemeetpsredda as

"events;rinformation from.differant 3DV elimeHataelsmust Ry by

separa&glyﬁenggvg%g in order to analyze the event. Certain techniques have

been deve oped in this field for imaging multiple 3-D volume data sets in

a single display, however, not without considerable limitations. One 25

example incliH88 e B AR PBEBIRHR i fhe T S88y EUFE cA1dd

"Cdh Stm]éﬁﬁéata set is made up of “voxels” or vohune clemenis having %, v, z coordinates.
Each voxel represents a numeric data valae {attribute) associated with some measured or
calculated physical property at a particular location. Examples of geological data values
inclade amplitude, phase, frequency, and semblance. Different data values are stored in
differsnit 3-I) volume data sets, wherein each 3-D volume data set represents a Jifferent

20  data value. In order to analyze cerigin pgeological stmciuwres referred to as “events”
information from different 3-D volume data sets must be separately imaged in order to

analyze the event,

Cestain technigques have been developed in this field for imaging maltiple 3-D

volume data sets in a single display, however, not without considerable Hmitations. One

25  example includes the technique published in The Leading Edge called “Constiucting
Faults from Seed Picks by Voxel Tracking” by Jack Lees. This tschnique combines two

3-D volume data sets in a single display, thereby restricting each original 25G-value
atiribute to 128 values of the full 256-value range. The resolution of the display is,
therefore, significantly reduced, thereby limiting the ability o distingnish certain events or

30  featurss from the rest of the data. Another conventional method combines the dispiay of

two 3-D volume datz sets, containing two different atiributes, by making some data values



Faults from Seed Picks by Voxel Tracking" by Jack Lees. This technique
combines two 3-D volume data sets in a single display, thereby restricting
each original 256-value attribute to 128 values of the full 256-value range.
The resolution of the display is, therefore, significantly reduced, thereby
limiting the ability to distinguish certain events or 30 features from the rest
of the data. Another conventional method combines the display of two
S'va%'is%%zg?ta sets, containing two different attributeg, by.making,some
data values WO 2005/013254 PCTtmS2004/024169 3 more transparent
than others. This technique becomes untenable when more than two
attributes are combined. Another techique used to combine two different
3-D volume data. sefs, inyihe SAme. IMageds Jusialgs Dk RopaleNt
application Serial No. 09/936,780, assigned to Magic 5 Earth, Inc. and
incorpBFaTEE ARFEMBY reference. This application describes a technique
for combining a first 3-D volume data set representing a first attribute and
a second 3-tyoleirrEaREserrapissan iyt SEt o Attt Ashgle
enhanoed:3:Dinohtriie Yataxset fietmatihjedepiofthestmstdndsseond
attributexdata. vaduesnvithddpinse lected Ok aMaEbier ang Ok erlieia. fixor
each data.yalue yhese the.Lrigriaarg.mek.2 firshseleciegdatacd vaue

s inseriag,aa,p9ston.corespanding il i LespRcivaaiaaiedn
the enhanced 3- voiume data set. For eacsh data value where the criteria
are noPhTSETA BB A GBI AR AT s S Al & Bl oo
corresparirg with'the Faspeciie tnavalte it e eRfraitd s ¢8tume
data setnifhenfirstiselpoiéch datespvaiewitiaie berekatduatinitiaér firstolamibute
and the-secnnd calected datavalue: may: he selatad tot the secaiddslected

attributg,,The Lo fesulting Jnage is-apanhansedS:haelme dats sake
comprising a,cambination %rt.héfg id of theoriginglfirst 3:Ruvelume. data

r
setandt e secdond 3-deo me éataal set As a retsﬂt, the eﬁtra E%Ceﬁﬁing
step neSHEY 8 JaHETE TR ERANEEY S0 VBIUME dSiE Set causes
intéFpratalin aral s e foP AR EIcH aBRiTEs EThB LR ERRIS !

pre-probessing fist 3-D volume data set and the second 3-D volume data sef. As a resuli, the

extra processing step needed to generate the enhanced 3-Pr volume data set causes
interpretation. delays and performance slow downs. FPurthermors, this pre-processing
technique is compromised by a “lossy” effect which compromises data from one seismic
20  atfribute in order to image another seismic attribute. Consequently, there is & significant

loss of data visustization.

In non-scientific applicadions, technigues have been developed to define surface
details (texture) on inanimate objects through lighting and/or shading techmiques. For
example, in the video or computer graphics field, one technique commonly used is texture

25  mapping. Texwmre typically refers to bumps, wiinlkles, grooves or other iregularities on
surfaces, Textured suxfaces are recognized by the way light interacts with the surface
irrepulacities, In effect, these irregularities are part of the complete geometric form of the
object although they are relatively small compared to the size and form of the object.
Conventional texfure mapping technigues have been known to lack the necessary surface

30  detail to accomplish what is conventionally meant by textore. In other words,

conveniional texture mapping technigqnes provide objects with a colorful yet flat



technique is compromised by a "lossy" effect which compromises data
from one seismic 20 attribute in order to image another seismic attribute.
Consequently, there is a significant !pss of data visualization. In
non-scientific applications, techniques have been developed to define

surface _details (texture) on jnanimate objects through lighting and/or. .
Y e R
noNetechnl %&9&‘%&%‘%&&8%@5&@@6 25 mapping. Texture typically

refers to bumps, wrinkles, grooves or other irregularities on surfaces.

Textured surfaces are recognized by the way light interacts with the
surfafé@nmé@wraﬁfﬁe%splﬁ@ﬁ&ﬁﬂtﬁ@g}é TFEY Fﬁhﬁéﬁ‘ &iepdigadedné Practical and
omplete metric form of the object alt h they are relatively,small. .
R R S e o M P R Rar Byl &
indDPBRIRY IREhRIGHeShaNe NRaR:kARWR tedapkihs Recesratyisidrtace 3 ure-
detail to-accomplish what is conventionally meant by texture. In other
bawodrdsdecon vantiorialfte xturdatiap pigite cliitidguesiprb vid eotjectsegitiriges on
colorful yet flat 4 appearance. To this end, texture mapping was

otherwish B SUERSME IR DR DIeNtHTHE T didw B MErHP feTaHEs 2
to as a bump ing. Bump m ing is explained.in, an articl it V.
S R R e Ml o
paf@kokoslay s GRIheirih peainsfinKilgard) WHIGR is KinesrprateNBeIeHINY, the
reference. In this article, bump mapping is described as "a texture- based
corgndarimg sggpioddrforigimulatimg tighting wifeom capsedsby pattengs Blinn in

irregularities on otherwise smooth surfaces.” Kilgard, p. 1. According to

1 G5 BT o S D DS P R i o dvate fexture

| m%%%}eq@p%g Withoyt the cor_nplexity and expense (_)f modeling the patterns
trie géometﬁc perturbations to the surface.” Kilgard p. 1. Nevertheless,
the computations required for original bump mapping techniques

propdsedeBy Fatte S BHnAtFNAL ZBAh e Ko hB PRl Wardetpe fgi ditrss t©
re oS AS S fof conventional ardWaR BUiS «MRP RIS KISRF Rt RZira
proposes a new bump mapping technique. In short, Kilgard divides bump mapping into two
steps. First, a perturbed surface normal is computed. Then, a lighting computation is
performed using the perturbed surface normal. These two steps must be performed at each and

every visible fragment of a bump-mapped surface. Kilgard.

Although Kilgard's new technique may be suitable for simulating surface irregularities
(texture) representative of true geometric perturbations, it does not address the use of similar
lighting effects to distinguish certain features of an object that are substantially indistinguishable

in their natural environment.

3. Summary of the Invention



In view of the many attempts that have been made over the last two
decades to reformulate bump mapping into a form suitable for hardware
implementation, Kilgard proposes a new bump mapping technique. In
short, Kilgard divides bump mapping into two steps. First, a perturbed
surfaQeerropaabisiegmepneid veniien peolightingnethob it idanisnpenforaeed! one
using the perturbed surface normal. These two steps must be performed

or WIS ERASFSF IS PG R Br R IEINTR RSP S ek paidecting

2 rdougn eKa',l%ar‘é'é%o?ﬁ‘évté?b%?e”%%‘#g‘?}x%ﬂ}’gfé% Wlapleforaimylating, surace. g
ireqularies (%ex ure) representative of true geometric pertur‘t)atlons, it

anHB8S DR adaress eusaiadsimilangliohiingietiartsile sistiomishcarak: and
features of an object that are substantially indistinguishable in their

setiadlisatiomeireahnmenta BmSummar tofther dnvestiomErdpehaspectiohdheertices
present invention provides a method for enhancing an image of one or
anghibrevatiapuet rpeps lease atin g fahs Bk pi sram b BfECLihiRICSAisHE dhetRarmal
steps of: selecting a first atgibut%\ and a second at_trib]ut? from rgjl;}tiglei. i
MR EARE fFEETBRR Ghe i erese SR Antiptns S Hading s own "8
MRS HOIRAHO G ADRMPALMBRUP NG, AHIEAR ANRAL e Jrshanrh S86Q0hnd
attributes, the normal map having its own vertices; converting the normal
attiftaficyQECes crad thensericanef e ahisasione.ahibe fisiiapdeeeenst with
attributes used to create the normal map into a matrix representing a
theahteset kghiioe ponmrakmapd ebleeihting d diffiise Hahteynd oo ffom an
the tangent space normal map and the at least one of the first and second

e o6t BRSRISA e RV BA A T AHRIAPTHAST BN ¥ ibining an ambient

lighting component with the diffuse lighting component and at least one of
the first and second attributes to form an enhanced image representing at

least ROGIRIONE g &Rto' 2 % &]AI‘IV gt%lrll ¥8xﬁ‘§é%ea%% rc’ﬁ“o? lé%ﬁgl%n an image
tho

invention prowde ame or ennancing an image or one or mor

ofethERKIBS teREaRRAlIgARIRPaArHPLAN sbiachMbichicampigeadhestanss of:
of: selecting an attribute from multiple attributes, the attribute having its
sewiny entigesugrdatingaltiple attributes, the attribute having its own vertices; creating a
normal map using the attribute, the normal map having its own vertices; converting the normal
map vertices and the vertices of the attribute into a matrix representing a tangent space normal
map; calculating a diffuse lighting component from the tangent space normal map and the

attribute; and combining an ambient lighting component with the diffuse lighting component and

the attribute to form an enhanced image representing at least one property of the object.

A further aspect of the present invention provides a method for enhancing an image of
multiple attributes representing a property of an object, which comprises the steps of: selecting a
first attribute and a second atfribute from the multiple atiribwtes, the first attribute and the
second attribute each having its own vertices; creating a normal map using at least one of the
first and second attributes, the normal map having its own vertices; converting the normal map
vertices and the vertices of the at least one of the first and second attributes used to create the

normal map into a matrix representing a tangent space normal map; calculating a diffuse lighting

component from the tangent space normal map and the at Jeast one of the first and second



normal map using the attribute, the normal map having its own vertices;
converting the normal map vertices and the vertices of the attribute into a
matrix representing a tangent spacesmormal map; calculating a diffuse
lighting component from the tangent space normal map and the attribute;
attgindec oebiningeate dmbignilightingoodrperentwhitntHightiiffusanpghtimgvith the
component and the attribute to form an enhanced image representing at

diffasech e sspRatsr b e Biectndsrgpineabyise to fae Predsntshvantion the

fir 'I;i%\élge%g %%HL}‘%Q g(r)lr %ﬂ;hf’%nl%mgt %nsltmagﬁigg orﬂ ;lat I ﬂ!ﬁ ?‘ég brlfligegi  a user, the
represen[hng a pro]oerptly of ah &ojecﬁ which comprises the s{ep of:

poﬁ?olg %tf”{']% A %T%e%t%'ﬂk’ %8—3@ i S%?Q}E}%iﬁgg fé‘é%_tf glq]omﬁerﬂ%lajtﬁbute and part
attributes, the first attribute an t%e second attribute each having its own

of YT iGRad efigatkag a normal map using at least one of the first and second
attributes, the normal map having its own vertices; converting the normal
map vertices and the vertices of the at least one of the first and second
attributes used to create the normal map into a matrix representing a
tangéWodsaseeb pTTAS AIRsERICRISHTAT PR Gt SERENTY Co%h b OIS HtREe

q the tafrﬂ]‘?ﬁ%?té }%ace nO{maI aptand the at Ieastt) one of the first an Seco dnS

B 4 esuded s Créate the rﬁ%?nglrcﬁaE’?cgrﬁ%iﬁgp Sy amoient e

exUORINg COMPANRRARWED higasliffyse ighipg correneat anAdhe; fieptaffing a
second attributes to form an enhanced image of the first and second

praftribuies; alrjekdidplayingtainicasiyaiportitnsefpthe’ crkamnaed imageto@ and a
user, the portion of the displayed enhanced image comprising at least

sepad BfttiEterEp BB aAtriBaes.obtEeabribuitrmLitee Avfofertiddteach

haginﬁ?ﬁs%ﬂﬁﬁgzgﬁtii@e‘ge@}é%’@n rovides %@5&%@ LR (99N N PI ong
devicé readable by a mathine, the storage device embodying a program

aBHIRSIHICURAR SXEC IR RIE (R thevachine d0sBRD ARGIB ANEPAERI QL ARG the
or more attributes representing a property of an object, the instructions

vegtreyuisingthesteps disitectidgadirs batiribet @san ¢ arsechadatdbute into
from multiple attributes, the first attribute and the second attribute each

2 PATIN g SRECOHH P RTERESE s EH GRS el PR BERR @ SR Uehidagsesprenent

&L He tﬂrsgr%gdaggggnqﬂ attributes, the normal man-having S QWRKSIHGES:
converafrllﬁg h8 normrgﬂ map vertices angl '[?16

create the normal map; and combining an ambient lighting component with the diffuse lighting

component and at least one of the first and second attributes to form an enhanced image

representing at least one property of the object.

Another aspect of the present invention provides a system comprising a program
storage device readable by a machine, the storage device embodying a program of instructions
executable by the machine for enhancing an image of one or more attributes representing a
property of an object, the instructions comprising the steps of selecting an attribute from multiple
attributes, the attribute having its own vertices; creating a normal map derived from the attribute,
the normal map having its own vertices; converting the normal map vertices and the vertices of
the attribute into a matrix representing a tangent space normal map; calculating a diffuse
lighting component from the tangent space normal map and the attribute; and combining an
ambient lighting component with the diffuse lighting component and the attribute to form an

enhanced image representing at least one property of the object.



vertices of the at least one of the first and second attributes used to create
the normal map into a matrix representing a tangent space normal map;
calculating a diffuse lighting componentirom the tangent space normal
map and the at least one of the first and second attributes used to create
the normal map; and combining an ambient lighting component with the
diffuse lightin compo ent and at least one of the first and secand
attribut "s%PSngFH%"én eﬂ]’ﬁéﬁ%seeati%ﬁ‘é%‘é‘o’%e%?’é” Shtth e ST IR S BHE Bt SpBiRg ™™
st dhg-PRIEELANOEr ASRER! ALths RIesant iyYaniion PLovides A YSiE Mtions
comprising a program storage device readable by a machine, the storage
exclanibe: e hhd yachapriogranmodiinstiudiaps «xactiipiblathipthe meackingng a
for enhancing an image of one or more attributes representing a property

Profresty objebinsé Hetitueiesriising tres s orkstbaibr sidEthiutad 2
sed[mMUltple Atibules, the atributs having s, oun Verioes: IPating.f ooy
normal map detived Trom the attribute: the normial map having its own
haVRIIGE S rORVEILN QrEQQnQ QrﬁBﬁﬁ;{PﬁEpV&ﬁl%sﬁ%ﬂﬁaﬁﬁ&sY%mQﬁﬁh@fﬁm%nd second
attribute into a matrix representing a tangent space normal map;
atchlceatingansiffuse Haghigng companesnt frometti: thogent$pape anocmahd the
map and the attribute; and combining an ambient lighting component with

vetfieeehffeiderigtin g tBe i Ghé rReanftrENE it Rten [ ot thediomas iR deig  matrix

image representing at least.one property of th t?@eeft' ?b A further, . ‘
represe t"f%? ﬁm enl s noimhal map, calcplating a dithuse ligh mé.comé)onent from the
aspectof t egpres nt invention provides a“system comprising a program

asiQfege-davicRireag afleRuadnaching dheisiprage-dadcrnekRodyingotreate
program of instructions executable by the machine for enhancing an

thémagpelofapu kiphbisitipibutesbrep lebentingrpoprapeitytiof dfftebjabtjtheomponent
instructions comprising the steps of. selecting a first attribute and a.

and o i et sererfrattbies auitifle afitlistted e mE L sib ity srrprgttributes:

d attribute each .hav'tfqg] its .own (yertice% creatir][gea n ”{Q%lr mag;
t

L bute.each, h layed
angeFus\?eaJ??%r% At least one of the firat and setond attributes. the normal” =

enMRAR:RAYHIY HSPWELMEITIRES ANV NS LRe EEAIPAP MeFliGeS Rk iB&e.
vertices of at least one of the first and second attributes used to create the
normal map into a matrix representing a tangent space normal map;
calculating a diffuse lighting component from the



tangent space normal map and the at least one of the first and second
attributes used to create the normal map; combining an ambient lighting
component with the diffuse lighting dcomponent and the first and second
attributes to form an enhanced image of the first and second attributes;
and disrplayin at least a portion of the enhanced image to a user, the
portiBRIGF tﬁ@gﬁ%w gﬁhﬂgﬁ%M@éGéomprising at least part of the
first attribute and part of the second attribute. 6 BRIEF DESCRIPTION
OF THE DRAWINGS The patent or application file contains at least one
drawing executed in color. Copies of this patent or patent application
publication with color drawing(s) will be provided by the Office upon
request and payment of the necessary fee. The invention will be described
with Tefepemcectappbcaconfilpanyirigsdtdwin g idravhinghexiketalameies Grgies
referenced with like reference numerals, and in which: Figure 1 is a. block
of thisgreimtiRnSHaThEPBiE R BERIFIERT 81 SOlthAREHEgHATH B provided by the
implementing the presentipvention; Figure 2 is a flow diagram illustrating
O%%% %Bega?r%aélﬁfo rgerlﬁ%)t E‘o%in%? Sisr%lé%henting the present invention; 7
Figure 3 is a color drawing illustrating semblance as a seismic data
attribpe i, Figie diiha ERlahdr NG iiusir ARG ABRNB4ARASIASRIEINIC which
data attribute; Figure 5 is a color drawing illustrating the combined image
likotlbathtadteitritescdl wathdleddfrrigurascd: b dinsvRgure 6 is a color
drawing illustrating the combined image of Figure 5 with the light source
positioned to the left of the imalgle. Figure 7 is a color drawing illustrating

the cBimBinkdimalsiofirsmmelbvmtrmengigmbedines gbaineiuge program for
i Fr"gendiCLflar to the image._Figure 8 is a color drawing illustrating the
mplementing the 1esen% xll_wen oqs X

ombired |mggeo igure 5 with the

Figure 2 is a flow diagram illustrating one embodiment of a method for implementing

the present invention;
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10 light source positioned to the right of the image. While the present
invention will be described in connectjon with presently preferred
embodiments, it will be understood that it is not intended to limit the
inventiqr. (0 /5058 SRRdimentt ARIAe-ANUALY. kisdntendetincover
all alternatives, modifications, and equivalents included within the spirit of
the invention. 15 DETAILED DESCRIPTION OF THE PREFERRED
EMBOBISHEN TS THer drasbatinveriie Amralidos Besiipetia At iking
hardware, software or a combination thereof, and may be implemented in.
a compeiter-systen esiethennrCRssaghSYstemnmihalfolawing sesaiptions
applies the present invention to various seismic data attributes which are
dbrtainéd Wighies & sipetified space or volume referred to as a probe. 20
Each probe comprises voxel data represented by x, y, z, data value. Each
data vafig, is @%%EE%@%%‘%Hg%lﬂ%%ﬁ%@%%ﬁ%ﬁ%é&%ﬁa%@ﬂpFi&?ct & yith the
specified location (X, y, z). The present invention, therefore, may employ
tipk erursopesifotize loaseware dadhsgéiware system components required
to display and manipulate the probe as described in U.S. patent No.
o e BRI RSO 0 b A A CIARIES T ORI
and incofporated 25 herein by reference. For a more o plete cfescnpﬂon
GLHISRRBEHI PRRSIRIeFeNORIS: Made to the '570 Patent. WO
20051013254 PCT1US2004i024169 8 In addition to the probe
requirements, the prisent invengion mag/t
I

) e implemented using current
i pel TR GBS A ORG-SR QLS e

com ware

inRIeIQnsUReIRahime RetRrmance. Examples of available hardware
for the personal computer include graphics cards like GeForce(r)

marketed by NVJDIA(r) and 2.4Ghz x86 5 instruction set computer -
processBRETHERIFERILREHY MBI SPARTDE RS BGhiRfsrR tRgerorred

QW u%%x%r, Bf ‘%ﬂ[fE% %Eﬁé‘%%%% oL mplementing the ke egetﬂé AYSRNON Bhose
snown In Figure 1. t the base o program structure 118 IS an operatlng
embodiments. On the confrary, it is intended to cover all alternatives, modifications, and

-equivalents included within the spirit of the invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention may not be implemented using hardware, software or a
combination thereof, and may be implemented in a computer system or other processing
system. The following description applies the present invention to various seismic data
attributes which are contained within a specified space or volume referred to as a probe,
Each probe comprises voxel data represented by x, y, 2, data value. Each data value is
associated with a particular seismic data attribute at a specified location (x, v, z}. The present
invention, therefore, may employ one or more of the hardware and software system
components required to display and manipulate the probe as described in U.S. patent No.
6,765,570 (*°570 Patent™) assigned to Landmark Graphics Corporation and incorporated
herein by reference. For a more compiete description of the probe requirements, reference is

made to the 570 Patent.



system 102. Suitable operating systems may include, for example,
UNIX(r) or LINUX(r) operating systems, Windows NT(r), and other
operating systems generally known in the art. 10 Mean and interface
software 104 overlays operating system 102. Menu and interface
software 104 are used to provide various menus and windows to facilitate
interaction with the user, and to obtain user input and instructions. Menu
and interface software 104 may include, for example, Microsoft
WintiBwa*s % ree 86(r), MOTIF(r), and other menu and TR
software generally known in the art. 15 A basic graphics library 106
overlays menu and interface software 404. Basic graphics library 106 is
an application pro ramming_interface ((API) for 3-D computer %%phlcs

The functiond SEHEISE B B AT GRS hICE T5Iah TORTHRR g MR pmente!
exampleingeardtie @ﬁﬂ%&%ﬁﬁﬁ.%rsm@a%%&&%%ﬁ%ﬁ
display digtror imwmediates pddeavieWingand matielhgdransiotmations]
lighting erghehadingghisden-surfacefemaval aiplvadEndingiGuz «86
(tragslugency), &QH@U%QQ&&%HH%@@EQ%@WM@”C effects (fog,

smoke, haze), feedback and selection, stencil planes, and accumulation

buffer. A particularly. usef c gra hICS libr 0 0

marketed by&§|llcah % gn? ¥|%§&?Sw eg m% B%r lmré ¢ Qﬁm/%\%f(?sésem
multi-pl SHSHT r‘ﬁ&l’i’?fﬁ %’fﬁérd%@f gmh 8W§?8 Wﬁ%\%}) dﬁ&"&BgFﬁTﬁwg
system Stg@dénderiebo perde (Brigd asighideto e om

C++, FORTRANEAIF atthJdVa plogranming angy ag:esnﬂp@m}mg)m.
performs each of the functions listed above for basic graphics library 106.

Some commanssH ipenGhin.spraifygeamplrie.ohjects 10:bevdrawr

and othgrs.confeal.hoydhg Qbiegtsang. handled.All Slemenis:of hfime.
OpenGL(r state. eyen the contents of the exture n%mo%and(we game
en

, t
buffer, can Be 0 talnedseﬁ mn%ég |on using

2005/01395% B&“F?US‘%M?E)?‘&%@ Ko L lEintpk ’nﬁ fré S&IW
applicattér rrayeperafscoritne saprelureiiédélitinachines because
OpenGL(r) is network transparent. OpenGL(r) is described in more detail
in the A basic graphics library 106 overlays menu and interface software 104. Basic

graphics Bibrary 106 is an applicabon programming interface (API) for 3-D computer
graphics. The functions performed by basic graphics library 106 includs, 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
20 removal, alpha blending (ranslucency), anti-aliasing, fexture mapping, atmosi)heric

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

A particularly useful basic graphics library 106 is OpenGL®, marketed by Silicon

Graphics, Inc. (“SGI®’). The OpenGL® API is a multi-platform industry standard that is
hardware, window, and operating system independent. OpenGL® is designed to be

25  callable from C, C++, FORTRAN, Ada and Java programming languages. OpenGL®
performs each of the functions listed above for basic graphics library 106. Some
commands in OpenGL@ specify geomestric objects to be drawn, and others control how the
objects are handled. AIl elements of the OpenGL® state, even the contents of the texture
memory and the frame buffer, can be obtained by a client application using OpenGLE,



OpenGL(r) Programming Guide (ISBN: 0-201-63274-8) and the
OpenGL(r) Reference Manual (ISBN: 0-201-63276-4), both of which are
incorporated herein by reference. 5 Visual simulation graphics library 108
overlays the basic graphics library 106. Visual simulation graphics library
108 is an API for creating real-time, multi-processed 3-D visual simulation
graphics applications. Visual simulation graphics library 108 provides
functions that bundle together graphics library state control functions such
as YRtG L Aiaterials, texture, and transparency. Thesé fANCHONS ek
state and the creation 10 of display lists that can be rendered later. A
particularly useful visual simulation graphics library 108 is OpenGL
Performer e, which is available from SGI(r). OpenGL Perf,ormer% _
suppor Pt OBErits CHFGRIIFEE FBfaRrdcldleah ey e BB e
Perforrhen(s) Prehidldds tooty eriaimtitsrenticQoiBht Zrssiiist) omuerde! i the
associatgesldilfrarigsnibpfduidtibpietn, topfuiane) libpfati RiEThe&dasis of
OpenGig,baf fRENEL 001 18 1hER SHR HMMERrE GRS FHAGIHBER Yyl IBrince Jow-
level library providing high speed rendering functions based on GeoSets

and.graphics, state, ool URINGGEOHIRIGS GERSEE. Are folleGlonm el

drawable geometry that group same- type graphics primitives (e.q.
triangle S8 GUAHEY" ﬁrl%'higg élbaaé’fa?@ﬁfeaé‘i/g%géxé}e%g% éagglrﬁ?éf_ﬁusl{lf 3’ Fossed
geomefPitdeH, BANASBIFRERS 1At diray SurRUER FRIE: BEEFUYE all
the 20 primiitivies-fona (BoSEt meetof thekigikeaypetairhfetiessames

- attributegrrendasing, einmost datphases Ts-pakoime that waaxiiimrcation

hargware;speads GeeaRiesiRevide graphics state definitions (e.g.,
texture or material) for GeoSets. Layered above libpr is libpf, a real-time

visual simulafion.eovironment proviging 2, Nidhperiprmanes;mulliprgeess
database,rer_ldpé"?fﬁ system that ogtlml es use,of . 25 n&ylt&proggﬁswal s
hardwa?’é‘?%hseaﬁagf‘glﬁés"? Gttty 11BFARY; Eﬁp " provides functions %fg’
definind bt atere- SrRPShper At S e S Ut B ey BRie Sifaes
state ard fivateriaisd BndigdihefdtdsoidbAgiéss ripEbapiEn: independent
polygonal input. The database library libpfdb uses the facilities of libpfdu,
libpfsand libpriesisycreainbasefit® s ite gerformance rendering Hbrary libpr, 2 Tow-
tevel library providing high speed rendering functions based on GeoSets and graphics state
control using GeoStates. GeoSets are collections of drawable geometry that group same-
type graphics primitives (e.g., triangles or guads) into one data object. 'The GeoSst
contains no geometry tself, only pointers to data arrays and index arrays. Becanse all the
20 primitives in a GeoSet are of the same type and have the same atuibutcs, rendering of
most databases is performed at maximum bardware speed. GeoStates provide graphics

stafe 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

25  multiprocessing hardware. The database utility library, libpfde, provides functions for
defining both geometric and appearance attributes of 3-D objects, shares state and
materials, and generates iriangle sirips from independent polygonal input. The database
library libpfdb uses the facilities of libpfdu, libpf and libpr to import database files it a

mamber of industry standard database formats. The lbpfui is a wser interface brary that
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number of industry standard database formats. The libpfui is a user
interface library that 10 provides builgding blocks for writing manipulation
components for user interfaces (C and C++ programming languages).
A, AP e RN LM IR Blcs .
implementing tasks and graphical user interface (GUI) tools. An
FRpisAtn Mg Which v ses BirenGl iR eonmerir) andrRprBGbithAR:
5 typically performs the following steps in preparing for real-time 3-D
vigpleinsiting sasbnat, dnitediv asapetn@GrePebrietds(r); 2. Specify number of
graphics pipelines, choose the multiprocessing configuration, and specify
hardwarg, mode-Asnerdesh Jrilialize sharan puliveeessine masde 10p
4. Initialize frame rate and set frame-extend policy; 5. Create, configure,
andcalpereatinatonsi@s veqLuted andpaing feateairck o figguabsthispiayn:
channels as required. Once the application program has created a
graphical {ende[r&rgghezg 'rgwefnetrg}ﬁ g%_rying out steps 1 through 6 above,
then the application prod)ram ”iyplca?y itérates through 15 the following
main simulation loop once per frame: I. Compute dynamics, update model
matrices, Btc.; Rpdoiélayuintdhe apexs fpaiedined: Rerfonimlaiesey
critical viewpoint updates; and 4. Draw a frame. 20 Alternatively, Open
Scene Gréphigyearibedses fsans vrafesrnitetidh graphics library 108.
Open Scene Graph operates in the same manner as OpenGL Performer
@, providing programming tools gy&tggsgln%q&égﬁ for a large variety of
computer platforms. Open Scene Graph(r) is based on OpenGL(r) and is
publicly available. WO 2005/013254 PCT/US2004/024169

4, Initialize frame rate and set frame-extend policy;
5. Create, configure, and open windows as required; and
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 through

the following main simulation loop once per frame:

1. Compute dynamics, update model matrices, eic.;
2. Delay until the next frame time;

3. Perform latency critical viewpoint updates; and
4. Draw a frame.

Alternatively, Open Scene Graph® can be used as the visual simulation graphics
library 108. Open Scene Graph® operates in the same manner as OpenGL Performer”,
providing programming tools written in C/C++ for a large variety of computer platforms.

Open Scene Graph™ is based on OpenGL®  and is  publicly available.



11 A multi-attribute co-rendering program 110 of the present invention
overlays visual simulation graphics library 108. In a manner generally well
known in the art, program 110 interfaces with, and utilizes the functions
carried out by, the visual simulation graphics library 108, basic graphics
library 106, menu and interface software 5 104, operating system 102 and
the probe described in the 634 application. Program 110 is preferably
written in an object oriented programming language to tion
and 0Lf§%°’8’f%)°6jects and object functionality. One prefer%lgﬁg%ae%?{)%%nted
programming language is C++. In this particular embodiment, program
110 stores the 3-D volume data set iftla 10 manner generally well known
in the art. FQr example, the format for a jcular data volume ma
include.two%é?}[)ﬁs%%l%g urcr?geﬁ%ggge?rf) Iowile{ Blf/%ﬁepﬁ%gat %‘i‘m(ljgﬁaotvﬁg%yiss as
long adithid LEEr R sErEs. Hhe Vo dHEh éﬁﬁ@{’l‘if’p%mwi’na (et
informatierninld prederibeithserueiizes chimiomentedpathMotativof
the datasatosigepndiniensithshinidlrepkss/iitame 1B westion Syiafroteltions for
thesx, foaRgk&:aX8aaN00RIansday dheisiata walues dbieitnT hehady of
data is, @ binary, SEAHENGSH L%a@ﬁgﬁ@%g%%&mw maredytss per
data value. ) Fg,r exag;g)le,tt e grst kgg/ e qgethrgfgﬂae Og%lcrem%;[ﬁgé)lum*e Io%latlon
(O,O,O)?Sfﬁ(e) %_ E6n ylf’écls ceaﬂglt valle at volume location’ %D, ; &nd
the third"®¥#& isiHe data value at volume location (2,0,0). When the x
dimension is exhausted, then the y-dimension and the z-dimension are
incrementedn this patithles yabPigeanstimBRt sgresobdiitaelincaay walp 20
to @ pariiawiasaadsy fenmabwil hedprograin &dodacilitatestiputphromia dser
to identif,RANg.pi-MRken3 frVOlmMen s MRS eifdRUSEHOFINANING RN G s
analysig, When 8 plialialdaia \48&1{@%&@;%%#%9@%@%%
each of e piiralite of data yolmes feptesepts . dletentpysical, v
paramé&lEF oF atifibute Tor the same geoaraphic space, By way of example,
a plurality* ﬁ%ﬁéﬁ%&ﬂ?ﬁ&%fﬂﬁfﬂeiﬁﬁtﬁé)ﬁaﬁm@”\% GinEe e valve,
te n}‘i)eram Faxerotiy v dataia 8 Hpanaigapcnce of bytes and may include one or more bytes per
data value. For example, the first byte is the data vaine at volume location (0,0,0); the

second byte is the data value at volume location (1,0,0); and the third byte 1s the data vaiue
at volume location (2,0,0). When the x dimension is exhausted, then the y-dimension snd
the z-dimension are incremented, respectively. This embodiment is not limited in any way

20 to a paerticular data format.

The progzam 110 facilitates input from a user to identify one or more 3-B) volume
data sets to use for imaging and analysis. When a phorality of data volumes is used, the
data valne for each of the plumality of data vohumes represents a differemt physical
parameter or attribute for the same geographic space. By way of example, a plurality of

25  data volumes conld include a geology volume, a temperature volome, and a water-
satnration volume. The voxels in the geology volume can be expressed in the form (%, ¥,
7, seismic amplitude). The voxels in the temperatare volumme can be expressed in the form
| (%, ¥, Z, °C). The voxels in the water-saturation volume can be expressed in the form (%, y,
z, Fosaturation). The physical or geographic space defined by the voxels in each of these
30  volumes is the same. However, for any specific spatial location {(Xp, ¥s 7o), the seismic

amplitode would be contained in the geology volume, the temperature in the temperature
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25

saturation volume. The voxels in the geology volume can be expressed in
the form (x, y, z, seismic amplitude).d’he voxels in the temperature
volume can be expressed in the form (X, y, z, C). The voxels in the
W&Eﬁé?@&' kALl %t}!x‘?!k'{m&;%“lh%Wﬁ&%ﬁ%&%ﬁ%mﬁ%& é’per%nion of program
%saturation). The physical or geographic space defined by the voxels in
each ofthiese i30-welumesnigihe samegHdowever, for any specific spatial
location (xo, yo, z0), the seismic amplitude would be contained in the
geology, volume, the t eragture in t ature volume, .and the
ter e e o s R A R B SRS e
ISiadeserinemindeferance lodniguasistReka g R TRMIRI AW Kipping
Figure 2, a method 200 is illustrated for co-rendering multiple attributes in
algoitibined! magigudEhisdolledimgigtestription refers to certain bump
mapping 5 algorithms and techniques discussed in Kilgard. In Step 202, a
first attiipute,ang 3 speoRdRItrinute are Selarar AMeARIARIE available
attributes using the GUI tools (menu/interface software 104) described in

refesencesior igurel bollhaughiether sialablesiamdmnitibutesinay bigure
used, such as frequency and phase, semblance is used as the first
dttriblibevigh sthateatabette srob aB00tef mRyUre Seanticdiniplitetientd wdiskage,

as the second attribute illustrated in the prglrtq)e 400 of Fﬁure 4. Th

SERAC G iR HTEHBR HATERTE Biasar & fatas detie p%%é“ﬁgfﬁ‘be
GO G%QQQQH@L&QRQ MP@&!&WQ&%W "tﬁerB%BP '5\99 &? ?@G&Q uesFﬁ%%\é{gxﬁrdata is

may be displayed within the planar surfaces defining™ the probe using
\flpigyedren desingitechnigy esrgenesalyevyedbknemwp tathataital Bhatderoacity
display seismic data in the manner thus described, voxel data is read from
e e E 5 sbridertebP o a spebsfibilentd rdpréseppy audpreefidining
texture. Textures are tiled.into 256 pixel by 256 pixel images. For Jar
TS g HBS ST OR 1 INGN HBIFER G P S B B b, e

REQGESSRLRMmenIMHERIRed B RYlgsrskilled inN6 AL A% SAMRINGy and

and is coordinated among multiple CPU's on a per-tile basis. These
techaiguespang@inersokmployetingeinedfie fandher desaribad ard into 256
illustrated in the '570 Patent.

pixel by 256 pixel images. For large volumes, many tiles exist on a single planar surface of
the probe. This process is commonly referred to by those skilled in the art as sampling, and

is coordinated among multiple CP1’s on a per-iile basis. These techniques, and others

employed herein, are further described and ilfustrated in the *570 Patent.

In Step 204, a normal map is calculated in order to convert the texture based
semblance aftribute illustrated in Figure 3, sometimes referred o as a height field, into a
normal map that encodes lighting information that will be used later by the register
combiners. This technique enables the application of per-pixel lighting to volumetric data in
the same way the probe displays volumetric data. In other words, it is a 2-D object which is
actually displayed, however, because it is comprised of véxel data and the speed at which it
is displayed, appears as a 3-ID object. In short, this step converts the data values representing
the semblance attribufe into perturbed normakized vectors that are used by the graphics card
to calculate lighting effects which give the illusion of depth and geometry when, in fact, a

planar surface is displayed.



20 In Step 204, a normal map is calculated in order to convert the texture
based semblance attribute illustrated in Figure 3, sometimes referred to
as a height field, into a normal map that encodes lighting information that
will be used later by the register combiners. This technique enables the
application of per-pixel lighting to volumetric data in the same way the
probe displays volumetric data. In other words, it is a 2-D object which is
25 actually displayed, however, because it is comprise X a and
thewé)plgés@/ﬁsi’/vhich it is displayed, appears as a 3-D ogfgég%ﬁ%ﬁ%%% this
step converts the data values representing the semblance attribute into
perturbed normalized vectors that aré3used by the graphics card to
calculate lighting effects which give the illusion of depth a me
when, in fac ,eangp afnﬁéf‘ SUIPFAEE %gg%epzfg g&é\?\?@%é@?fﬁg%&g&cmgx
PCTNS280% 022186 2 dlsa ¢ &F}%l%’}l{ﬁ‘ﬁoﬁ;ﬁmﬁgég% A& BsF R d
normabsredtdreruwhickrtedll éetivefipm dreciserrabrd oh S8 dutehausidnst
height :depthand gaometaeon aplanarse $acel G achzpetiBrbadrmoemal
vegior jsdetivediirendhe.crassRradustel theaertical s aeBarizenial.

Each perturbe ggrnglal V%E:tor IS s'%ored in tql? h%rdwar .as a geagst!ureedunit
(normd&fMSp I WHerem B5ch Ssatial CoBrdinate 1. v 21 Tor each pertirbed
normaRFB RS ARG S HRIEF VTG SBfocy Fedh B it TR E
value. Ehecogordinate spaceiswhith thedewomdinates bk Bsigrane
RGEB vahiesiisigeneradiyrdmewnrasmte xipits eaprdinateispacectEhusicthe
blue companenieh theperiyhedDiRal e eloisRprRseHiRthe.5pakal
coordinale,(z). A aeﬂ%% inthededuradQdhanis all.leyauld hersfare,
represent a ypical fengent veelor I planer obiests sien A, the.stifiace
310 in FIGUVE S AL HE GRS VANEE VA, henormal map appearance
becomeBiEedfTE LBt Sspearebiitget eink ThEEenigfiegobe 300
netesgdijizie: derivermelonnya rragoodrarida Aedgbtt i dleirentony dnesritiy this
describethin Seetiamb SinfsiilgardpBysapplyifigattie equations referred to
in Section 2.6 of Kilgard to the data values shown in the probe 300

In order to obtain a mors accurate Tighting effect, a vertex program is applied in

Compoc%%@%é%éogxgﬁ%? Hatavalue on a8 given, SUface (8 g wadl indigure 3.

Step 206 to the vertices that constrain the planar surface 310 of the underlying attribute
iflzstrated in Figore 3 and the vertices that constrain the corresponding planar surface of

20  the normal map (not shown). A pew coordinate space, tangent space, is contained in a
transformation matrx used by the vertex program. The programmable hardware on the
graphics card is wsed for rendering coordinate space transforms that drive the vertex
program. The tangent space is constructed on a per-vertex basis, and typically requires the
CPU to supply per-vertex light-angle vectors and half-angle vectors as 3-D texture

25 coordinates. The Yght angle vectors and half angle vectors are likewise converted o
tangent space when multiplied by the tangent space matrix. This step employs the
techniques generally described in Section 5.1 of Kilgard.

For example, normal and tangent vectors are calculated on a per-vertex basis for a
given geometric model—like the probe 300 in Figure 3. A bi-normal vector is caleulated
30 by taking the cross product of the tangent and normal vector components for each vertex.

The tangent, normal and bi-normal vectors thus, form an ortho-normal basis at each



15 of Figure 3, a normal map may be constructed. One set of instructions
to perform this method and technique is illustrated in Appendix E of
Kilgard. In order to obtain a more accurate lighting effect, a vertex
program is applied in Step 206 to the vertices that constrain the planar
surface 310 of the underlying attribute illustrated in Figure 3 and the
vertices that constrain the corresponding planar surface of 20 the normal
magp; §nelsshewn). A new coordinate space, tangent spagegis:6anianed in
a transformation matrix used by the vertex program. The programmable
hardware on the graphics card is used for rendering coordinate space

: 1 .
transforms that drive the vertex program. The tangent space is
construeted afaekyaiexbasis.anthipicaly seauites thexCRL
supply mgyx%&es,l'gm geq%pxeceesm@mﬂcmkgr}geemg%ﬁ&e&@éwre

25 coordj ates vgctors and half angle vectors are likewise
converfecf "5 fangé’ﬁ? slﬁacoe W%en multiplied by the tangent space matrix.
This step employs the techniques generally described in Section 5.1 of
igard. For B3RS R THPAFCPAEGIHE VU0 AP el dratBein e
perverteXsasisforalagite igyeamptionicdebdiie riopr86¢la0 SFigure
3. A bi-ngemal vecterisCaleutated® 2@y takingthe aresspred uetoithe
tangen;,ane nRRLMaS! e GRMRRARAS O LA R VB IR x| e AN GE Blent

normal and bisnormal vectors thiss, form. an edhg-normal.hasis at eac
WO 200 /0 3254%5CT/U8200410241699 14 vertex The ortho- normal

basis répresthte’s iETRTiLeg tot?rans?rbhrm SoTECIamEh ale NGRE SR By e
posftiorF s N gBit SpkEE e St mElitieticHE T Pe MSknimgthia!
technigueressifiia Sty atetki mAppehdisc@dofibigalehrRedyistereotibirerster
texture ®hatieps{ Aot-slanwin) ane apphiackdsy ihe-graphicssgarts drilr STap
208 to calailatethedighting.equations:deserRad: i $esinns.2:dMaugh

2.5.1 Ofa ’gﬁ %&deﬂlﬁe&%@ﬁ&@r %Q&s%@gﬁ%lnfa%gié@%98'@4%&%%&%&%@'e
thr I VIDI GBQIOVI e a onflg%lz% Sne but n?tu%roglram able, means .

ons for programming

set
eterr’rﬁne per- plxef?lra me
OpenGL” register ccmbmers is 1i1ustratcd in Appendix B of Kilgard,

As forther explained i Section 5.4 of Kilgard, the register combiners are
configured to compute the ambient and diffase filuminaiion for the co-rendered hinage that
is displayed in Step 210 by means generaily well-known in the art. In short, the register

20 combiners are used to calcelate ambient and diffuse lighting effects (illumination) for the
normal map, after the vertex program is applied, and the sccond atidbute which are
combined to form an enhanced image representing the first and second attributes. The
resulting data values for the combined image represent a blended texture or combined
texture of both the first and second atteibutes One set of instructions for programming the

25  register combiners to compuie the ambient and diffuse iHemination is illusirated in

Appendix G of Kilgard.

Alterpatively, fragment routines, gererally well known in the art, may be used with
the register combiners o provide a more refined per-pixel lighting effect for the normal

map.



coloring/shading, and replace the standard OpenGL(r) fixed function
texture environment, color sum, and fog operations with an enhanced
mechanism for coloringlshading 10 fragments. With multi-textured
OpenGL(r), filtered texels from each texture unit representing the normal
map and the second attribute (amplitude) illustrated in the probe 400 of
Figure 4 are combined with the fragments' current color in sequential
orckep.2THe3tEgister combiners are generally described in"S&8HYHA2 of
Kilgard as a sequential application of general combiner stages that
culminate in a final combiner stage that 15 outputs an RGBA color for the
fragment. One set of instructions for programming OpenGL(r) register
combiners issilfustrated TiguesperaineB oGy AsiTarrgr ERprEedin
SectiombrhafcilgantkstReregisteinaombifersiarelveonifigiated ficdmpute
the ambigpt-and diffuse lyminationfas the-ceiengeredimageighat, s
displayed.in Sten, 24Q.0Y.Means.g¢ @@é@g&éﬁ&ﬁy ﬂé&qyé/%w Heuast.a short,
the reglster 20 combiners se(a:iSSIO é: T € nglg; Wgnt ar&dmlgng%m
lighting' 'gﬁ%nétast AR |or% r the*flormal map, after the vertex rogram

is appllﬁ&‘sﬁﬁd“éﬁ@%é%ﬁb“’ﬁiﬁmﬁt@w&?&h ars SE‘B?‘[?B?F‘?@’&%&?S’ AR
enhanced irragedbpisteritng ithdist dporedesheutd ibtiestese which
resultingpeiate yeluesios thetcmtbinddpinhadtd deprestnizht.blended texture
or combined texture of both the first and second attributes One set of

instructions {ofprEG! AN MNGHHELB RGP i COMMRALS 19 campuiathe
amhient and, diffyse lluginanion, 1§ Huslr @}%&s%m&%@g Graf kildard:

e
used WlFHRE teg BF ESTRErE o Provide & more ref er- plxe

lighting&frétt! f‘ﬁ}‘l{ﬂ@%rﬁ{gfﬁuﬁﬁgﬁm Uise AT B igls it the same DL over the
PCTNSR20094%3245891 15 mebd| 8+ fhete s irriglie S eeptaitr s ogteklot
featuressisiichvassfanitsiqeprésentacbhie the bbbk mdloi¥atbes 31 e
distinguisheditamdbe hlue aolarsmabdesdbAveldR fresenting the first attribute
become masked while others rcpresenting_ the: second attribute become visible, and vice-
versa. This techuique is nseful for enhancing images of certain features of an object which
are substantially indistingnishable in their nammwal environment. The present invention
may elso be applied, using the same techmigues, to image volume-rendered seismic-data
26 atfributes.

As the image is displayed in Step 210, several options described in reference to
Steps 212 through 220 may be intemactively controlled through the menu/interface

software 104 to compare and analyze any differences between the various images.

In Step 212, the specular or diffuse lighting coefficients may be interactively

25  contmolled to alter the shadinglighting effects applied to the combined image.

Accordingly, the register combiners are reapplied in Step 208 to enhance the image
displayed in Step 210.

In Step 214, the imaginary light source may be interactively repositioned or the

probe may be interactively rotated to irnage other geological features revealed by the



discontinuity between the adjacent data values measured along the
z-axis. In Figure 4, the same geological features 412 are barely
distinguishable because they are illustrated by a 5 different attribute
(amplitude) that is assigned multiple color values and contains more
consistent adjacent data values along the z-axis. The same geological
features 512 are even more readily distinguished in Figure 5 due to the
enhanced/seface texture which appears to give the placnamsuoiacad10
on the probe 500 depth and height. In Figure 5, the first attribute
(semblance) is distinguished by shadi%g from the 10 second attribute
(amplitude) which is shown by various color values. This illusion is
uncharacétistithe kitvenant utihg @olo gi caldaaitee vy lriehs gestthstantialdy in
indiStingiéi%ﬁ@;ﬁ;&ﬁmﬂ%@é@nﬁgﬁl@ﬂl@mﬂé'm&gﬂ beth @Hlﬂt&&%ﬁ&ﬁ{e
not visihig, atceame, IR RIPRALSWIAES 310.of e Prae 200,

they are |matgv ed In the sa ace and capable of bein Slm taneous Yy

viewed dépending Bh e andte 6 1e"5robe sty TAIIE t5°tHE R
sourte. a‘??“i[ﬁ‘g‘gé&‘ h@’?ﬁ‘i‘?ib%f 3‘663?% Wfaﬁeahﬁ‘c%“ﬁﬁlﬁ Voikale fepredertinithe
first attrilutebbectmmé MaskiodivRites Gllhend P8pragemnting thersabotitkent
attributedapenrmenisiblie: angayieer igrsm. This technique is useful for
enhancing images of certain features of an object which are substantially

indistinguishghig.ia éf@;@mé%@%trgm%olh}m&@%%rayggyx%la nay

also beﬁqpp ied, Usi n(g_zt%ggmet chnigu %s to image v render
sels iC- data 260at'§r|butes As th eellFre]aae IS :};)g% §tep 516‘%3?/%ral

options YeacHBBETH TeTEraR %é’pfﬁaré‘%m’éaﬂ’ﬁr? S oA fjght souree
interacti/ERP USRS BE THIGH §H Ri9Re ﬁ%@rﬁ%ﬁrﬁéﬁ@é@e §(ﬂiﬁ9§?’é VoS f2, 814
comparerrridisanalyd bekteryidiffere fibesbéimiasrr theiv Bnousdidipes. Tinhe
Step 21i2htkerspeguianerdiftusienlighting-eaefiicmptarmay-he interagtively
25 contrgligg. tmlﬁe&h@aahmimg/{ig@gmﬂaﬁttﬁgﬁaamliﬁéiig@ﬂg%mbi&@d

image. a&gggg%@g%ommmmm pSmaAE &%?999&%&@3%&,% hHad 1O
enhancg]the |ma%tae(ys%|aeye i teptlo Fn Ste E" 4, the imaginar

obe IS o oot
light sourc® & hiteractively Tep ueions eplainine haw to configure 6o rogiSter
combiners to compute the specular component is iltastrated in Appendix H of Kilgard. In

this manner, the combined image can be interactively manipulated to simultaneously

reveal multiple attributes with nominal loss in the clarity of each attribute,

20 In Step 216, the per-pixel lighting height is interactively controlled to alter the
nomnal depth of the indentions andfor height of the bumps which are shaded and
Hlurninated as described in reference to Step 208. The per-pixel lighting height is
interactively controlled by scaling each perturbed normal vector from zero which cancels
any indentations or bumps. I the per-pixel lighting is scaled in positive increments, then

25 each pertmbed nommal vector height (bump) or depth (indemtation) is increased.
Conversely, if the per-pixel lighting is scaled in negative increments, then each perturbed
normal vector height or depth is decreased. The net effect produces an image that appeass
to alter the position of the light source so that different features of the object are enbanced.
Accordingly, Steps 204, 206, and 208 are reapplied to provide differens perspectives of the

30 image displaved in Step 210,
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15

probe may be interactively rotated to image other geological features
revealed by the WO 2005/013254 PEA/US2004/024164 16 attributes,
The movement of the probe is:accomplished by means generally

describgdsig, 118, HF4aPMIGRIRNIRIGHESO:8e e planar sHEf eI in
of the probe 500 illustrated in Figure 5 is fixed at a position perpendicular

teftlmdene Sfepighl.as thedighiy sBupsad. Rieracti¥élyareposiicdad. piyideean
light source moves, different voxels become illuminated 5 according tg the
BRERIBAOT ety HisEite SRE et 1eemitar ®e Hat J&m@w&w?%% TRRE
robe is rotated, Accordingly, Steps 206 and. 208 are reapplj i
e P AR R B R R SRR

exaRplgsitherlightspurge isnesitionacitothgilelobthe RIALRIR6E:618:50,
that voxels 612, which are perceived as indentions, appear darker while
voxedb 64 dGwhicheaydvpert tivediai iemipicappesr dighibedon migrence to
illuminated. When the light source is repositioned to the right of the probe

fiee Wo 'aghrrigife BOUMUBAR FordrIgES OBI%n QHPEA é?b?é?ﬁ%ﬁbm

lighter than.thos ué,'gé? %%hege'_mﬁég%%&a; Aslustrated in Figure 7, the, light
source IS po itione

perpendicular to the probe face 710 and the entire

magg.appearsphiighterothisvefiectishatiikyieia the snesukame location, to
component of the lighting equation, and 15 enhances the illusion of depth
ardtheigidiémorecimap @ sstiredighhsoanoer igerepusditiongore thetgole knd
rotated. One set of instructions explaining how to configure the register

GO BNErty SO AIH SR &L Bl 1 CE IR ERE A IR PSS ‘R Berare i
%teKékgqfqelL@teﬂﬂ gﬁtmle-@na%r&wsmwm%msq Image, 6ALPLIPRragtvels for the

manipulated to simultaneously reveal multiple attributes with nominal loss
ipotherelavity-0f Sashnatiy et 20sbnitep 2iGethepserproal lighting.height is
IS interactively controlled to alter the normal depth of the indentions

dnad/ oredeigthe ofahiersigramisdvinictavecs adiedsa98 anlldfhateditis application
described in reference to Step 208. The per-pixel lighting height is . .
R T e e o i B A e

%E&?EO@?&ﬁﬁé%e others will be used in the manner thus described.

In Step 226, the probe is interactively controlled so that it can be resized or moved in
a manner more particularly described in the *570 Patent. This step necessarily alters the
voxels displayed on the planar surfaces of the probe for the combined image displayed in
Step 210. As a result, the first and second attributes must be re-sampled in Step 222 and
Steps 264, 206, and 208 must be reapplied to display a new image in Step 210 illustrating the

same attributes at a different location.

The techniques described by the foregoing invention remove the extra processing
step normally encountered in conventional bump mapping techaniques by interactively
processing the attributes using hardware graphics routines provided by commeodity PC
graphics cards. These techniques are therefore, particularly useful to the discovery and

development of energy resources.

The foregoing disclosure and description of the invention is illustrative and

explanatory thereof, and it will be appreciated by those skilied in the art, that various



any indentations or bumps. If the per pixel lighting is scaled in positive
increments, then 25 each perturbed normal vector height (bump) or depth
(indentation) is increased. Conversely, if the per-pixel lighting is scaled in
negative increments, then each perturbed normal vector height or depth
is decreased. The net effect produces an image that appears to alter the
position of the light source so that different features of the object are
enhangedy Agcordingly, Steps 204, 206, and 208 are reapyiied:ioipsovide a
different perspectives of the 30 image displayed in Step 210. 17 In Step P
218, different attributes are interactiv§l selected in the manner described
in reference to Step 202. Accordingly, Steps 204, 206, and 208 are

reappliggdi: AU de: Al eRlirghenanHmage, iltstiating:different.date in
values o Jlep 51 M@%@Q&r&ﬂm@%&%M&J@X@@&ét&p&%&@y

illustrate more than two attributes ngc are se ed in. Step 218. 5 For
exampfETFTRB S DA MAE ¥ AR BTrEc A Oe gmp?tu de “Bitase and
semblance, then a normal map is created for any two of these attributes
in the manner described in reference to Step 204. In other words, a
normal map is calculated or each of the two selected attributes and the
resulting value for each perturbed normal vector in one normal map is
then added to the value of each perturbed normal vector in the other
normal map, at the same location, to 10 create a single normal map that is
used in the manner described in reference to Steps 206 and 208.
Alternatively, the voxels for one of the selected attributes can be added to
the voxels of the other selected attribute at the same location and a
normal map is calculated for the combined voxel values in the manner
described in reference to Step 204. The normal map is then used in the
manner described in reference to Steps 206 and 208. In either application
15 where there are more than two attributes, one attribute will serve as the
static attribute until Step 208, while the others will be used in the manner
thus described. In Step 220, the probe is interactively controlled so that it
can be resized or moved in a manner more particularly described in the
'570 Patent. This step necessarily alters the
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voxels displayed on the planar surfaces of the probe for the combined
image displayed in 20 Step 210. As agesult, the first and second attributes
must be re-sampled in Step 222 and Steps 204, 206, and 208 must be
reapplied to display a new image in Step 210 illustrating the same
attributes at a different location. TheABdRniques described by the
foregoing invention remove the extra processing step normally

encduntered T EBHTREHBHAS P IR pbIRG ?é@ﬁﬁ&%%“ﬁ?r?ﬂféfﬁéfﬂﬁé)?mpmy
of B @5&%&%&9%&83% nglg{g 5ing hardware graphics routines provided by
P

commodity ICS car s. These techniques are therefore,

particularlyseigedubte the &me%%wﬁc&w@:@m@%@f@@a{wm@wm; the

The foregoing disclosure and description of the invention is illustrative and
firseatplavtatod/therenk] athihutawilt berdpprecatedtiyethose skilled in the art

that various WO 2005/013254 PCTIUS2004/024169 18 changes in

size, shapeGAT arEyEm, TR Redf rﬁ%%ﬁ’é?ﬁlSglﬂéeqﬂ’f%@ﬂt?c%&dv@gﬂbé&ﬁs the

nodﬂaltﬁlgpql%(:%l%& A0gJllystrated construction or combinations of features of
the various elements may be made without departing from the spirit of the

invention. 13n{kAiMR hofnmathocfof-eahanting s Tage0fanaar MMeesirst
attributes representing a property of an object which comprises the steps
andofewwibetirippsipstdtripate drdrarsetond atteilburafis menreeentinliplengent space
attributes, the 5 first attribute and the second attribute each having its
m\Brtices; creating a normal map using at least one of the first and

second attriiites; 1he AARDH:MAR NAVIBGISRMNYEHISES: SONVETHAG 108 and

normal map vertices and the vertices of the at least one of the first and

theSeRAGRIbTIEsLISAdLR G epielBe Rl i atanamniaraa MaliXnd

representing a tangent space
combining an ambient lighting component with the diffuse lighting component and

at least one of the first and second attributes to form an enhanced image representing at least one

property of the object.

2. The method of claim 1, wherein at least one of the first aftribuie and the second

attribute comprise a combination of two or more attributes.

3. The method of claim 2, wherein the combination of two or more attributes form a

hybrid attribute.

5. The method of claim 2, wherein the first attribute comprises any combination of

two or more attributes comprising amplitude, frequency, phase, power, semblance, coherency, dip,

_azimuth, gradient, fluid factor, acoustic impedance, velocity, pressure, porosity, permeability,

stratigraphy and lithology and the second attribute comprises at least one attribute from amplitude,
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10 normal map; calculating a diffuse lighting component from the tangent
space normal map and the at least gne of the first and second attributes
used to create the normal map; and combining an ambient lighting
component with the diffuse lighting component and at least one of the first
fregnchsegonsk atisibuiestolform ashenhanded iriagereprdsentitiiafleastcoustic
_one 15 property of the object. 2. The method of claim 1, wherein at least
IMRSAENER S ARRBGLECARtHE SsebilE s atatistihard pHvdosYcombination
of two or more attributes. 20 3. The method of claim 2, wherein the
combination of two or more attributes form a hybrid attribute. 5. The
method of ehaim2inahereinihe firstAtihe. CRBRTSES: AN FARRRAIAN @fuse
two or more attributes comprising amplitude, frequency, phase, power,
liglgem blamoescalhecentinedipjt2bcaiimattipgeadients fuichfactobp@cousticio create
impedance, velocity, pressure, porosity, permeability, stratigraphy and
the|ReBIEgY*End the second attribute comprises at least one attribute from
amplitude, 20 frequency, phase, power, semblance, coherency, dip,
azimuth, gradient, fluid factor, acoustic impedance, velocity, pressure,
porogity, perrreabiliY ostRtigrantnaithelegy: fulihe mathadofQlaimyiruse
1, wherein the ambient lighting component and diffuse 5 lighting
liglnom pongntare<omibinatwigthieh8rfirstréttrioarte tan d:thetsboend wttf itbuteds the
used to create the normal map. 6. The method of claim 1, wherein the
nomdRERt lighting component and the diffuse lighting component are
combined with the first attribute and the first attribute is used to create the
10 normal map. 7. The method of claim 1, further comprising the steps of:
selecting a thirchatisibuitelathe thirdattsibpieaving.fsgwn vertices;
creating another normal map using at least one of the first, second and
third selecting a third attribute, the third attribute having iis own vertices;

creating another normal map using at least one of the first, second and third
attributes, the another normal map having its own vertices;

converting the another normal map vertices and the vertices of the at least one of
the first, second and third aitributes used to create the another normal mép into another
matrix representing another tangent space normal map;

calculating another diffuse lighting component from the another tangent space
normal map and the at least one of the first, second and third attributes used to create the
another normal map; and

combining the ambient lighting component with the another diffuse lighting
component and at least one of the first, second and third attributes to form another

enhanced image representing another property of the object.

8. The method of claim 7, wherein the third attribute comprises the combination of
the ambient lighting component, the diffuse lighting component and the at least one of the first and

second attributes.
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15 attributes, the another normal map having its own vertices; converting

the another normal map vertices andztlhe vertices of the at least one of

the first, second and third attributes used to create the another normal

map into another matrix representing another tangent space normal map;

calcdlating dmotirdrodiffliseitightimgcontipometitefromrid enap ot hesatainggnt at least

space 20 normal map and the at least one of the first, second and third
oney it st BeR §eFe e e Uﬁ‘?%a’&’n@ﬁw@f‘"ﬁé?ﬁ%‘?ﬁéﬁ?%ﬁaeéd}ﬁﬁi%@%ém lighting
_.ambient lighting.co nent.with the another. diffyse lighting _companent
St LR P S R

enhanced image representing another property of the object. 25 8. The

method of claim 7, wherein the third attribute comprises the combination

.of th@.ambidntrightihgf cvnpdnerte thédiffober ightingrepponedtuaing trahird

at least one of the first and second attributes. 21 9. The method of claim

atigbyfo b ipe (hEhBtRdE Fospriinadhp it Se atduenislishtingiaompaiet grdrkermrgther
dafﬁQQ%ﬁ&%?é‘%%%k%@%&%@%ﬁ@%&é&ifer DU, I, gombined with the ambient
Ing t

d
light omponent and the another diffuse lighting component to form the

another enhanced image. 5 10. The method of claim 8, wherein the
another normal map is created using the third attribute and the third
attribte is doerhitied withetineg dmihiervolighting temgomehtdanhthe lamothenrtion
diffuse lighting component to form the another enhanced image. it. The

of IhtAsE ST ETdih 1 2itther comprising the step of displaying at least a
portion 10 of the enhanced image to a user. 12. The method of claim 11,
wherein the enhanced image displayed is displayed on at least a portion

of ong of a plaraityoafplanar suriaces definingadrale. dSdddineisplayed on at
method of claim 11, wherein the enhanced image displayed is displayed
leasfta portion of one of a piurality of planar surfaces defining a probe.

i3. The method of claim 11, wherein the enhanced image displayed is displayed at

least partially within a plurality of planar surfaces defining a probe.

14, The method of claim 1, wherein the first atiribute and the second attribute each
comprise multiple data values and associated spatial coordinates, each data value having a three-

dimensional spatial coordinate.

i5. The method of claim 14, wherein the normal map comprises multiple perturbed
normal vectors that are derived from the cross product of a vertical component and a horizontal

component for each data value.

16. The method of claim 1, wherein a vertex program is used to convert the normal
map vertices and the vertices of the at least one of the first and second attributes used to create the

normal map into the matrix representing the tangent space normal map.
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least partially within a plurality of planar surfaces defining a probe. 14. The
method of claim 1, wherein the first atiribute and the second attribute each
comprise multiple data values and associated spatial coordinates, each

data value having a three- 20 dimensional spatial coordinate. 15. The
metHdd of dibérmdiodvtertein thevhorinabarifioed Hyprine sompitipie 3ot bedient
normal vectors that are derived from the cross product of a vertical

e e RUPROREEATE SRRLFUBTREN BORR BOFRHTTEEH data value. 25 16. The

method of claim 1, wherein a vertex program is used to convert the normal
map vertices and the vertices of the at least one of the first and second

attribgtes used iQeseade daen Normatmaphntehiematixn g eRmmseBHN gt @iffuse

tangent space normal map. 22 17. The method of claim 1, wherein the
ligltiffusenigghtiigresb ap ainlenit and ehéaimbsiend Heletidgitdmiponesbrienedeking the

calculated using a register combiner. 18. The method of claim 17, wherein
mgﬂ?&?ﬂﬁ’l@%ﬁ%ﬁﬁﬁ‘g@%Bﬁgﬁf%% diffuse 5 lighting component and the

at least one of the first and second attributes are combined using the

register combiners to form the enhanced image. 19. The method of claim

1, wherein the firsthattribiuteiand thehserond attsibateb@enaprise: needicBlatribute

data. 10 20. The method of claim 1, wherein the first attribute and the
corgpiieeditiklgate comprise seismic data. 21. The method of claim 1,

wherein the ambient lighting component is a 15 predetermined constant.

22. The method of claim 1, further comprising the steps of: calculating a

specyiar lighting,camponentfrom dhedandentapacanormal merands atribute

comprise seismic data.

21. The method of claim 1, wherein the ambient lighting component is a

predetermined constant.

22 The method of claim 1, further comprising the steps of:
calculating a specular lighting component from the tangent space normal map and
the at least one of the first and second attributes used to create the normal map; and
combining the specular lighting component, the ambient lighting component, the
diffuse tghting component and the at least onz of the first and second attributes to form the

enhanced image.

23. The method of claim 1, further compr.ising the steps of:

applyving an imaginary light source to the enhanced image;

displaying a portion of the enhanced imaée o a user;

interactively repositioning at least one of the imaginary light source and the
displayed enhanced image relative to a line of sight of the displayed enhanced image to the

user; and
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the at least one of the first and second attributes used to create the
normal map; and 20 combining the specular lighting component, the
ambient lighting component, the diffuse lighting component and the at
least one of the first and second attributes to form the enhanced image.
23. The methodind tlatmkrfoghelcdeinpisingtivnsiepersafn 2Biapplying an
imaginary light source to the enhanced image; displaying a portion of the
enhanced image to a user; interactively repositioning at least one of the

imaginary light SO%rﬁ%tﬂngp@11]%?&91'1@5%%&%@%@ 8%%%%9@&@@%%&5&é”kenﬁng a

line of sight“o'f the displayed enhanced image to the user; and

repegupgrihe somyestingccalapadiaghane.combining steps in claim 1. 24. A
method for enhancing an image of one or more attributes representing a
property-of shetbjett aitibete dompridéheheibtipsthf a8rdule btvigedts attnilbertises;
from multiple attributes, the attribute having its own vertices;  creating a

normal _maﬁrﬁ%tl%atﬂ%”ﬁﬁl’ﬁf@t}é?’fﬁéhﬁﬁw %@Bfﬁ%%@%%ﬂ?ﬁ%ﬂ?&&?ﬂm?
converting the. BoHNal MaRYEHEeR AR 1A YRIEERLTINA MRS G Fatix

matrix representing a tangent space normal map; calculating a diffuse
lightirgreenipenentérorpthadangenispace normal map and 10 the

attribute; and combining an ambient lighting component with the diffuse
lighting coniplétetiizamdifitse bghibaterwrforny Apreikdmestk imstgerormal map and
representing at least one property of the object. 25. A method for

enhaht it RiFif4ge of multiple attributes representing a 15 property-of

an ObjeCt' V!Qﬁ%]n%%@%&h@gﬁgﬁg%ﬂpmﬁgtﬁef&ﬁﬁh?&“@”h@ %éa_em and

second attribute from the multiple attributes, the first attribute and the
secohel @ttt te Rashhavinget SrowerMesia@Big at least one property of the object.

25. A method for enhancing an image of multiple attributes representing a
property_of an object, which comprises the steps of:

selecting a first attribute and a second attribute fromr the multiple attributes, the
first attribute and the second attribute each having its own vertices;

creating a normal map using at least one of the first and second attributes, the
normal map having its own vertices;

converting the normal map vertices and the vertices of the at least one of the first
and second attributes used to create the normal map into & matrix representing a tangent
space normal map;

calculating a diffuse lighting component from the tangent space normal map and

the at least one of the first and second attributes used to create the normal map;
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creating a normal map using at least one of the first and second attributes,
the normal map having its own vertiggs; 20 converting the normal map
vertices and the vertices of the at least one of the first and second

attributes used to create the normal map into a matrix representing a
tangent spaEdnsnakmRp daitatmprandifige Rydifedehpememtiraent and
the tan ent space normal map and the at least one gjt e first and

secdt BB IES TLRH Y Eranler i OMIST e 5 Grhifg daroues:
ambjent lighting component with the diffuse lighting component and the

first and second attributes to form an enhanced image of the first and

second attrifugteshgandegisplpying af Ibashazpesdionagd the eshameadrtion of the
image to a user, the portion of the 5 displayed enhanced image
compifigingatiemseparest srafiseatttibi ait Pareoithelisbgprgd part of the
attribute. 26. The method of Claim 25, wherein the first and second
attrlﬁfﬁ%fgtaétﬁl}f’éléent a geophysical property of the object. 10 27. A system
comprising a program storage device readable by a machine, the storage
device embodying a program of instructions executable by the machine

for emhancimg: ancindger dlabne fir wherarttiibites:rapiesentingtapraparent a
of an object, the instructions comprising the steps of: selecting a first

geophiritaaleaneta eeoaticsttribute from multiple attributes, the first 15

attribute and the second attribute each having its own vertices; creating a
normal map derived from at least one of the first and second attributes,

the ngrmal maRAVIRg,HS AW RGeS CQNYSRING: 1RG R MAR, the storage

vertices and the vertices of the at least one of the first

device embodying a program of instructions executable by the machine for enhancing an image of

one or mote attributes representing a property of an object, the instructions comprising the steps of:

selecting a first attribute and a second attribute from multiple attributes, the first
attribute and the second attribute each having its own vertices;

creating a normal map derived from at least one of the first and second attributes,
the normal map having its own vertices;

converting the normal map vertices and the vertices of the at least one of the first
and second attributes used to create the normal map inio a matrix representing a tangent
space normal map;

calculating a diffuse lighting component from the tangent space normal map and
the at least one of the first and second attributes used to create the normal map; and

combining an ambient lighting component with the diffuse lighting component and
at feast one of the first and second attributes to form an ephanced image representing at

jeast one property of the object.
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and second attributes used to create the normal map into a matrix

representing a tangent 20 space nosal map; calculating a diffuse

lighting component from the tangent space normal map and the at least

one of the first and second attributes used to create the normal map; and

combining abeanistsiert |idgming corapsonartasitmee tifflise dighifgand the second

component and at least one of the first and second attributes to form an
altr@’ﬁﬁa?ﬁﬁ’é’&%ﬁ@@?@ﬂ?@%8f1ﬁ¥?g°’é1‘tm§%al‘éré@’[ Bne property of the object. 25

28. The system of claim 27, wherein at least one of the first attribute and

the second attribute comprise a combination of two or more attributes. 29.

The BystenTrf glaim 28 b e inhea comnbinatianafdwoos: more.aHbltesm a

form a 5 hybrid attribute. 30. The system of claim 28, wherein the first
hybaidribtikeieomprises any combination of two or more attributes comprising

amplitude, frequency, phase, power, semblance, coherency, dip, azimuth,

gradient, fluid factor, acoustic impedance, velocity, pressure, porosity,

perrggab '“Whé@y&gﬁt@ @BWﬁngﬂé@ﬁl W@Q%&h@u%eeQQ{ﬂgl?egrmwé%mbmation of

comprises at least one attribute from amplitude, frequency, phase, power,
twsanbleneeiberheseneyindipnAzinn the @eatie phafllisbfagiemaratsticherency, dip,

impedance, velocity, pressure, porosity, permeability, stratigraphy and
azifitip| cggdigt. Tfhfé §?@f§nﬁ@fﬁ’éﬂ§imﬂ2®a&mer\éﬁw€tﬁe arabtient fighting permeability,
. com&w Qtl he ddffuse 15 Il%ﬁmg component are combined with the
B N %ﬁ’n‘%?’fhaél Qe SR BB S T o b S & B P S P eucle

fq%%;gh eevstemQf claimi e WhgkRiRtheigmbientliohting compe f}g&&a@gousm

the diffuse lighting component are combined with the first attribute and

imthrdistatitibytedswsedteic patadhai G nargahimap 1iddlokhe system of
claim 27, further comprising the steps of: selecting a third attribute, the
third attribute having its own vertices;

31. The system of claim 27, wherein the ambient lighting component and the diffuse
lighting component are combined with the first attribute and the second atiribute is used to create

the normal map.

32. The system of claim 27, wherein the ambient lighting component and the diffuse
lighting component are combined with the first atiribute and the first attribute is used to create the

normal map.

33. The system of claim 27, further comprising the steps of:

selecting a third atiribute, the third attribute having its own vertices;

creating another normal map derived from at least one of the first, second and third
attributes, the another normal map having #s own vertices;

converting the another normal map vertices and the vertices of the at least one of
the first, second and third attributes used 1o create the another normal map inio another

matrix representing another tangent space normal map;
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creating another normal map derived from at least one of the first, second
and third 25 attributes, the another Qgrmal map having its own vertices;
converting the another normal map vertices and the vertices of the at least
one of the first, second and third attributes used to create the another
normal mapgaiatdeamothéfiussaiektingpresemigng fammothe rtatige Angpaceace normal
normal map; 26 calculating a diffuse lighting component from the another
tang®fi &HQE@ PP U oA TaAe) s R 6o SR GrTaaig another
thirdn%%ﬁ??é%? Used to create the another normal map; and combining the
ambient lighting component with the another diffuse lighting 5 component
and at leastanamighedfitsibeecansiand shisghrHribute o {a5mARAHRT 1ighting
enhanced image representing another property of the object. 34. The
systepmpireidinm@ 3t vidastrens the thirirsttributel corhprisesttieicorivbinatiomother
of the ambient lighting component, the diffuse lighting component and the
at leFEPBIHE BFte TSt SHBe 10 SE AP PilEeI%E. The system of claim
34, wherein the another normal map is created using at least one of the
first and second attributes and the third attribute is combined with the
ambignt lightiegyeamganent Bnditheranethgudiffuse: @atirgcamrensniion of
form the another enhanced image. 15 36. The system of claim 34,
thevghbiesinigharerrotheanaor tha by lebreatetinmiey ahdttairtlcatttbeitd hadrst and
the third attribute is combined with the ambient lighting component and
secfiid GHOMEY diffuse lighting component to form the another enhanced
image. 20 37. The system of claim 27, further comprising the step of
displaying at least a portion of the enhanced image on a monitor to a
user388. Thasystem dlelama2 khwhierabatoemsirsbattibuieianeatheusing at least
second attribute each comprise multiple data values and corresponding
ongpﬁﬁaﬁgm,ﬁ,&@e@q é‘fg&mtga@ad\/@m@inhqﬁﬁgaée is combined with the ambient lighting

component and the another diffuse lighting component to form the another enhanced image.

36. The system of claim 34, wherein the another normal map is created using the third
attribute and the third attribute is combined with the ambient lighting component and the another

diffuse lighting component to form the another enhanced image.

37. The system of claim 27, further comprising the step of displaying at least a portion

of the enhanced image on a monitor to a user.

38. The system of claim 27, wherein the first attribute and the second attribute sach
comprise multiple data values and corresponding spatial coordinates, each data value having a

three-dimensional spatial coordinate.

39. The system of claim 38, wherein the normal map comprises multiple perturbed
normal vectors that are derived from the cross product of a vertical component and a horizontal

component for each data value.



25 three-dimensional spatial coordinate. 39. The system of claim 38,
wherein the normal map comprises gulltiple perturbed normal vectors that
are derived from the cross product of a vertical component and a
horizontal component for each data value. 27 40. The system of claim
27, wherein the first attribute and the second attribute comprise medical
data. 5 41. The system of claim 27, wherein the first attribute and the .
secotld attriBGte EOMpHEESidmid WAL 15. e Lyiam Bf ciifiniesopd attribute
COT%@@J@{@&&@ Ambient lighting component is a predetermined constant. 10
3. The system of claim 27, further comprising the steps of: calculating a
specular lighting component from the tangent space normal map and the
at least one of the first and second attributes used to create the normal
5 maptand dombinig Heckpeciilamightiingheofponeirmithandriisieptdightintpute
component, the 15 diffuse lighting component and the at least one of the
COMPEPLITHRECBRY attributes to form the enhanced image. 44. The system
of claim 27, further comprising the steps of: applying an imaginary light
source to the enhanced image; 20 displaying a portion of the enhanced
image.to a usersyntefactivelynepositiosicg ahlcasione ObiigdMaginaeyt is a
light source and the displayed enhanced image relative to a line of sight
pregftivaiehd prasiect-enhanced image to the user; and repeating the

' 10 converting, calculating and combining steps in claim 27. 25

43, The system of claim 27, further comprising the steps of:
calculating a specular lighiing component from the tangent space normal map and
the at least one of the first and second atiributes used to create the normal map; and
combining the specular lighting component, the ambient lighting component, the
15 diffuse lighting component and the at least one of the first and second attributes o form the
enhanced image.
44, The system of claim 27, further comprising the steps of:
applying an imaginary light source to the enhanced image;
20 displaying a portion of the enhanced image to a user;
interactively repositioning at least one of the imaginary light source and the
displayed enhanced image relative to a line of sight of the displayed enhanced image to the
user: and
repeating the converting, calculating and combining steps in claim 27.
25

45. A system comprising a program storage device readable by a machine, the storage
device embodying a program of instructions executable by the machine for enhancing an

image of one or more attributes representing a property of an object,
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45. A system comprising a program storage device readable by a

machine, the storage device embodyng a program of instructions
executable by the machine for enhancing an image of one or more
attributes representing a property of an object, 28 the instructions
comiprisisigrthenseppuingshecting@n attribute from the-multiple attributes,
the attribute having its own vertices; creating a normal map derived from

the attribut& SHE RS D Fbify bR VR TCeL cBRT g R s own

norrggjﬁggg;p vertices and the vertices of the attribute into a matrix

‘representing a tangent space normal map; calculating a diffuse lighting
-.componentfraidhetangenipspasedennalnaggandhtheattibuenand 10 own

combining an ambient lighting component with the diffuse lighting
compahent and the attribute to form an enhanced image representing at
least one property of the object. 46. A system comprisin%g program

[

storage deViRETHRALIIEBYA RBCHIETRY Horsgsaalitis aimpaayiiy s
prOg,r&,pgSQ‘]jdp?g&ggg%p%ggmgm the machine for 15 enhancing an

image of multiple attributes representing a property of an object, the
instructionsgemgargingitheSiepmoksglachingrafing atsutpaoda@mal map and
second attribute from the multiple attributes, the first attribute and the
secohdagitibibetengach having its own vertices; creating a normal map

derived from at |east one_of the first and second a tribg; es, .20 the normal

map having TE°GWi FRATRL oAV ERERIE RO THAD Vel il spiapeie™ «n¢
vertiges ahatdearlang gline.irlard seaend AtIRUES HSRA 0 GreM e

the normal map into a matrix representing a tangent space normal map;

46. A system comprising a program storage device readable by a machine, the
storage device embodying a’ program of instructions executable by the machine for
enhancing an image of multiple attributes representing a property of an object, the
instructions comprising the steps of:

selecting a first attribute and a second attribute from the multiple attributes, the
first attribute and the second attribute each having its own vertices;

creating a normal map derived from at least one of the first and second attributes,
the normal map having its own vertices;

converting the normal map vertices and the vertices of at least one of the first and
second attributes used to create the normat map into a matrix representing a tangent space
normal map;

calculating a diffuse lighting component from the tangent space normal map and

the at least one of the first and second attributes used 1o create the normal map;



calculating a diffuse lighting component from the tangent space normal

map and 25 the at least one of the 'rgse} and second attributes used to

create the normal map; 28a combining an ambient lighting component

with the diffuse lighting component and the first and second attributes to

form an enkemnbietdrmagebehthiglfing embsscondtatiribites; i gnogisplsyiag and
at least a portion of the enhanced image to a user, the portion of the 5

dispid§ S eRaroad #RRgE CBHpRan Grartessipar VitnETsphifipifatibutes:

and Qx%rt of the second attribute.

displaying at least a portion of the enhanced image (0 a user, the portion of the
displayed enhanced image comprising at least part of the first attribute and part of the

second attribute,



