ONLI NE MODULAR PARAMETERI ZATI ON AND SUCCESSI VE LI NEAR
PROGRAMM NG FOR | MPROVI NG MANUFACTURI NG PLANT
WORERATI4GNS BACKGROUND OF THE | NVENTI ON Fi el d pET/UR®09/036329
I nvention [0001] The present invention generally
relates to systens and nethods for substantially
optim zing plant operations within a manufacturing
envi ronnent. Description of the Related Art [0002]
Manuf acturing facilities, in artlcular hi ghly process
i nt ERYBUE MANDR ETHHEDETOR] FINGIDIISF MBI heEA
based instrunentation systens that control facility
operations. Such systens typically use a steady-state,
fundanent al - pri nci pl es control nodel that represents
iiEiﬁ%yﬁ@%@fﬁv iy, Accordingly, paraneterization or
calibration of the control nodel to the facility's
operating conditions can onIy be perforned when the

(01) S 10}&@9 kéi&t? %?162%%%?{% %rl ng §'ir%¥i‘§>\i<~. RQ003 1Ay RLLARMta, and

goa typlca Tranu aC|I|ty operations is

more rﬁjmh%? I%ft ﬁg}) e dééo'%h ft%.a az‘getx {S 58 Qlth ;g%gaé %\8{{?&%&%&&% Ja%rga%n ed in the

. fundanentalprlnC|pIes control nodel is the primry
shot §58§10ysed in the optinization effort. Optimzation is
typically performed by iterating or re-iterating the

fundament al - or.l 0G| control nodel when process
&4(@%@?{[&@@ 3%8@’%"?’2@ the individual units of the
facility, or when business conditions (e.g. prices
supply of raw materjals, demand of jnter d| ate
02§ | SR gmg TG B oG08 SE e SPRHE AT |1 G
find the optiml or substantially optjnal operat 9
COHV%H@?W‘&W&WWEW Fgtirereartpe G%{ PrwsEB Remnt WY {‘zé‘* e gropagation
the conputationally intensive, |argescale, non-Ilinear
of seppmograrmstiratgihustisobe veloiped iserst i Fi ERTeHED. cBifh FgRtations may be
nodel is iterated. The solution of non-linear program
referpdseds Cantinobeamdegratan Gbrgeonthmatiictifriigueh that pnplement other
under st and because of the |arge nunber of unknown
technl@fch abhegelanidmequat:ippmsigd drhirnalbd Rnavodel g donp alifEdertco methods}.
the limted nunber of variables that are actually
measured in the facility. Thus, trouble shooting the
(033 cont r ol Migpgteln bRk ark dbbailtial wdrvepidse! o diffdoant der yomains, such
time consuming if not futile.
as the common-offset domain, the common-shot domain, and/or other domains. Each domain

typically has strengths and weaknesses with respect 1o computational efficiency, irmnage quality,
flexibility of application, support of velocity analysis, efe. For instance, common-shot domain
migration fends to be more universally and directly applicable to seismic data because the data
are recorded in the common-shot domain, However, migrating data in the common-shot domain

may be relatively computationally infensive.

(04} Tn Gaussian beam migration techniques, beam tables are determined by ray tracing

through a provisional Earth model to describe one or roore parameters of the Gaussian beams {or

i



[0004] There is a need, therefore, to sinplify the
paraneterization and optim zation of a control node

W0 00paeld4te operati ng costs associated w th conk€DUB1009036329
manufacturing facility processes. SUWARY OF THE
I NVENTI ON [ 0005] Met hods and systens for substantially
optim zing plant operations within a manufacturing
envi ronnent are provided. In at |east one specific

other@PROH e Adms) bBRIBEU B eldde] MY s@NicRARNER MhetRBmhgbles are then used in
separated into two or nore individual nodul es, wherein

the R0l B AR TR & £OBE AbRSrcAeditid damBNhakeismic volume of
princi pl es-based nodel, and wherein the totality of

. LI m e, £S5 .S i ' s
e T ok PR B A S A Rl gppgesine
im:@nggeindependently paranet eri zed upon said nodul e
Fedching steady state, wherein inter-nodule data fl ow
can be provided to at | east one of the individua
. .S during paraneterization, and wherein an out put
SL&@%Q%%G paraneteri zation conprises an individual,
cali brated steady-state nodel of each individua
modul e. A reduced..or der del .can derived f.rom eac
05) potisped oL B R IPL R e PR et b L A
be assenbl ed  to provide.a facility reduc order
emboi g, (R ST PUSFS B AU radeH™ SShie PEtprisaponds to 2
solved to provide ipproved or new gperating condjtions
table dpcafipia Pt ReREr SHOTE PR TP e pE2 pi‘de‘?gﬂ@e?f HrRcRting Bofss Hghare
ot her specific enbodi nent, the nethod can include
procesaipapdshisgateter migiefoae vheeig: kel PR Mehiecotd 0§ ongwy Bpre beam
nore individual nodul es, wherein each individua
paramoichyloé ogomtrapmdeans tntame ntishicpravebpph ey asd ¢r nerd die table
and the totality of the individual nodul es represents
locatidhedaatiinieg mhotibadit veguage sty ablrenig lupal @rmstesti sgirabeam tables,
each individual nodule, wherein an output of the
wherBRIRORE 6 12l bedn GOMihSRRs afe bndinibdaalisbigaldrbt atiedally from
st eady-state nodel of the nodule; |inearizing each of
the pbdd8sstddHoubAisalin REHY B8k BsiBh OV 11l @cficRbdb@i falfle@b the processing
i neari zed nodul es,” wherein |inearizing each
NRTo (R >0; { : Jmatrix
rode DALY el R EFORBHRER LD A0 e S
| i neari zed nodul e conprises a reduced-order, |inear

(06) gﬁg%tia&fas;?ecf@f&% Qﬂ'e&gonggﬁtoeggﬁ% Liste¥n cA3Ramls pReld l%&_:ismic data. In

urality o I neari ze es to provide a facility

one dnf %%%’ge%i %{e%_?z&en%‘%%'p%m%%%ﬁa / 13?‘?5?0%@&kr{.g%dg%d a server. The
plurality of processing nodes are configured to process seismic data for migration, In some
instances, each processing node comprises a migration module and a table module. The
migration modules are configured to determine an tmage of the seismic volume beneath the
geographic surface, wherein the determination is based at least in part on one or mere beam
tables, and wherein a beam table corresponds to an imaging location on a geographic surface of

the seismic volume of interest and is a record of one or more beam parameters of one or more

3



plurality of linearized nodul es conprises convol uting
the gain matrices for each linearized nodul e;
waeleioenmidsné ng a set of operating condition targeCBEUS2009036329
the facility reduced order nodul e; and changi ng one or
nore operating conditions within the manufacturing
envi ronnment. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0007]
So that the recited features of the present invention
beane amt Bemundearns teodrant aétiag ki thaimapie iperttonc Thatable modules are
description of the invention, briefly summari zed
confiB@kOW oi8&A bhew hatksliy: zhe&ﬁ@mema@aammmm 8 opsenelipfinked to
which are illustrated in the appended drawings. It is

each Bpthg enpalieds pﬂ%@é’é@%@ rwdésh@%néb'&%@ﬁ@&%&@x@n BE@WERN OGS server and the
lustrate only sone of the enbodi nents of this

pmc&ismfg pLdQn ii?{b%eaiﬁﬁaﬁijgg el Q- G&B?ﬁ@% Q%m%%ﬁcﬁﬁ?ﬁq a query results

ting of its scope for the Tnvention can adnmit to
madugt h?het ﬁ%y arl | Xuig IS © %ﬁm}’rgd ?0"11393{ }’é‘i{&esg ?’%%J taﬁg g%rdﬁk]of one of the
resentative conp r system use
proc%%% H?#?ég?rsdl ne%ﬁt %émarzreas%%o a 0%01:5@? é&%ﬁﬁm on t%ﬂ @%mphm surface of
di ag ran1for substantially op n12| | ant eratjans
the »wmw i iteass ard tgeistore o MaBubs R Bblsaefetuded
nor e enbodi nents descri bed. DETAILED DESCRI PTI ON
wnhtp @ofm]f smreibloan ‘gboy dErap iR SHIMERIcRAN theepirshieyriace is
Each of the appended cl ains defines a separate
deteriminegniti tohrequisting dbbrmptifie basgé ne A ipagips dwgtigsidentified in a request
recogni zed as including equivalents to the various
for abbemabisiron td migahonslubpseicddiadvitntheepebiaigteble module. The
Dependi ng on the context, all references below to the
guery telMenhddil iscanfignesoliBiticasesss ef e rdjoetal Heainnable by the
specific enbodi nents only. In other cases it will be
requdsBEOABRIZRHIINALhd 10§ 1R5R0 68 td1d enchiday anthi Of of Wiokdd beam tables
refer to subject matter recited in one or nore, but
not necessarily all, of the clainms. Each of the

07) | NN ERhéQRSecVbT the AR dRES i bediiod ofheghele dahal tata. Inone
bel ow, including specific enbodi ments, versions and

cmb&?ﬁﬁ@ﬁl &8 mel bhGrbAYANIARS aas&ﬁeélﬁtprgkﬂa@ foRkid WieSLseismic

mbodi ment's, versions or exanples, which are included

Vo uﬁ’;g,k(gf] %\Qé Fni T&?L%Qﬂn’gk%v Hide OF &b cXm% Kok ForinNelsB& R5derloBis that

USG I nventi ons, he Information I n
pass %hﬁgﬁ%ﬁhp at 8 r%xe éf’ﬁ‘&”fgg sgtga ns, w?l\ermR lt‘ipe the i/ mﬂ%@&&?ﬁk? travel times of one

or more beams between a source of the seismic wavefronts and the primary location and travel
times of one or more beams between the primary location and a set of detectors that detect the
seismic wavefronts; {¢) repeating (b} for each of the primary locations within the seismic
volume; (d) determining gradients of the travel times of the beams between the source of the
seismic wavelronts and the primary locations within the seismic volume based at least in part on
the determined travel times of the beams between the source of the seismic wavefronts and the
primary locations; (¢} determining gradients of the travel times of the beams between the primary

3



[0011] Figure 1 depicts a representative conputer
system adapted to performonline optimzation
wa@e@onzli4ng to one or nore enbodi ments. The conpUi/E82089/036329

can include a central processing unit 10, an input
devi ce or keyboard 30, and a nonitor 50. The conputer
5 can also include a nenory 20 as well as additiona
i nput and out put devices, for exanple a nouse 40, a

locatih €O Be of Betaneks daspeaken i Part Fhihe owseind0iratdhémes of the
m crophone 60 and the speaker 70 can be used for,

beamd FBRNG@IHRQFnRYY ROSEH: abkhindQESAlI:REORS ﬁicﬁmmei@hﬁzﬁno ong or more
recogni tion or commandi ng. The nonitor 50 can be

beamiRHEnSE G‘?Mﬁ' HEndrO LORRY Bl B RS IARLGNRUEIndRYIc&@iasSoMBk hat is not a
as a di splay device. [0012] The conputer system5 can

prim%@ﬁ&%{a@rp&sw Etneéi?ﬁaggﬁgﬁv fyine 8@&&1‘&5 oL a0l iR8es of the beams

ases or stora I'ces” 79, sensors and actuators
bLanﬁgﬁ the ‘éﬁ&l!‘(‘ﬁ egrf té}peesegs?{f,e \riv%%fronksgagﬁ glga_rg{}g{:égn gér%a{;s oeg}gge °r§&em> of the
| to nmeasure a v ' 5 ] cie:
wevel G RtnLER e P e e S ERERY L8 T RES Wﬁt 8GR
used herein, the term"actuator" is eV|ce capabl e
spatigpogitipret Phiperen roEerest fypnedd ﬁﬁr@%ﬂ% %*49%nal from

the control system |Illustrative actuators can
de, but are not limted to, valv rheostats
(08 noi%ﬁ*saﬂda‘ﬁ@réwse%h%équ&tﬁf’@ﬁéﬁﬂa‘é‘%%“ﬁ ﬁg%‘%’f%b‘& ”E“Fréi“"i [ well as
term"network interface" does not indicate a L
the metheide af ensmtion apd feetiensed theralategsiormtsopingpgend the combination
connections and refers to all possible externa
of paitnbiel dcacenics o mevkifortumi il wseme More prpalat wasgopdderation of the
under stood that database 77, the oneor nore other
-&noﬂagahaseﬁeman@ﬁmmmgeddbMEQHSM%ﬁﬁﬁamdb@r&mheusmnsﬁngdmnWHg&aﬁ
and actuators 75 are not limted to interfacing with
of wiGEHTREHE) pall dISHhi D Gped BlowOirk wihblear flacefc8Ocangnaal designate
interface with conputer 5 in any neans sufficient to

wrrc@rggcﬁx@tn% pArtS NI DASAL RD&s PARLNIRRIMBRET hRlcoRsialy heker, that the
and dat abase 77, one “or more other databases or

dra\fvﬁ ?Eﬁx%qgr ﬂ@éhfp%%: Jﬁliu%ﬁ(;t@én@&@é@ﬂtﬁn 2R AatHalRSentRd as a

exanpl in one or nore enbodi ment's, database 77

dcim\%ﬁ:@x dr L ACS M LR G00 %s%r&%%xvch@e PR idaaa" sgﬁy‘é%iaﬁms the

sensors and ac tors Interface via
Sirgn cgtij NDAT ghMt ‘galpfgaDguéﬁ!’ n'tc £ %furfi reitar,]e% uah'ij%e R’% K dg‘tg*{t clear, diy dictates

t hat even t hough the conputer system5 is shown as a
othersiisst f or m on whi ch the nethods described can be
performed, the nmethods described can be perforned on

o DR e PG o

(39)  FIG. | illustrates a system configured to obtain seismic data related 1o a seismic volume

of interest, according 1o one or more embodiments of the invention.



sensors, actuators, and/or machinery. For exanple, the
many and varied enbodi nents described herein can be
waig®d1zr7@ny devi ce that has conmputing capabi | PET/USIIEY/€36329
users can interface and interact with any systens
within a given manufacturing environnent. For exanple,
the conputing capability can include the capability to
access PROFI BUS, FOUNDATI ON FI ELDBUS, or ot her
(10 COMIUIDHGRIh@AS ssn PETlQealis nibdict BRmiedaoikactaine ffr agiectors of
80 such that the user can interact with the many and
seisMBaBLk IS € S88RicQLITENSQR S a1l th RACbMALQRNSIHM I PncRe embodiments
gi ven manuf acturing environment. These devices can
Qf“éP§LMg% but are not limted to and are presented for
Il'lTustrative purposes only: superconputers, arrayed
conputer networks, distributed conputer networks,

(i1) ﬂef]s{b(? g@ﬁﬁ%&%@lmﬁ%@w{eﬁf oF a séj g%)g hit 3BERE oP quig @Bi"lma of interest,

apt ops, devi ces n er the trademark
ae,wrrgi?nrr?gg O Clr(xg %%%%Q}ti@en?x ot tf%‘%érﬂ?{m cel [ul ar phones,
?8 ot her device or system
upon which a user can |nteract MAth at | east sone of

(12} t hi%i}s Xsﬁifs tm ?%gg%@t} &é WA r%bé;rggh H@zﬂ%ﬁ%&é&éﬁg vaiumé: of interest,

enV|ronne erri nto

re co u er ra can be stored in the menory
dfco@@%ﬁ d7t Re'Mee héjgmﬁ)%és @gﬁ By ﬁﬁ)lnt 10 can work in
concert with at |east the nmenory 20, the input device
13 4oufl i ﬂ%aé%‘%%ﬂhs?eég é%%» APERE ot AU porg 3 Vo of interest
i ncl udes any qg compi nati on of memory devices,
ACCOTRRENE §fe Py WPT“&%“ ‘l‘fm%%s M FVFPERY y avail abl e or can
beconme available in the art. In one or nore
enbodi nents, nenory devices can include w.thout
(14) ) i P el i@ﬁtﬁafeaﬁéﬂfiérw Vietist raepgrarie Fy 8?1’ %ﬁﬁ% volume of interest,
dat abase 77, hard drives, disk drives, random access
sccoriEDP e peadromPdieT ¢ helnselini cal |y erasabl e
progranmabl e read only nenory, flash nenory, thunb
drive, one or nore other databases or storage devices
(15) 79F1Car dlleswpico e st hadetipesoaang éémgi'maﬂétém@mﬁmﬂ afsqiginie gata to form
art are famliar with the many variations that can be
one @nplroyreeen si nepisreimyplingeyigessidmdn bedn wbleadibvg, ghenst @ part,
be i nmposed on the enbodi nents herein due to nenory
fromdByictenic dmbj iguratdans withdnabgapictdsrhod meseoaftthomyvention,
techni ques. [0015] The nmenory 20 can store an
operating system (0OS) 45, and a nodel optim zation
{16} ageint. 85Bustikre ap plevatonngeve y54 exandb velamefod citdetipdoeording to one
control and execution of the optimzation
more ermbodiments of the fnvention,

{7 FIG. 9 illusirates an elevation view of a seismic volume of interest, according to one

more embodiments of the invention,



agent 55 using the CPU 10. Any of the avail able
operating systens can be used in this manner i ncl uding
WORNDIAB76 L1 NUX, Apple GS, UNI X and the |ike. PODLUSI009/036329

The CPU 10 can execute the nodel optim zation agent 55
upon request, at scheduled intervals, when facility
condi ti ons change, or anobng other scenarios such as
prices or supply/demand changes, to substantially

pETeREmizesadr®riasi | ity. The nodel optimnmzation agent 55
can utilize a distributed approach to control and
optim ze the manufacturing process environment or

¢(1&) mandf aghurkiega Haekl 14 yonfiBased: oftaihheisaicdad klteido a seismic
approach, the nodel optim zation agent 55 can change

vol urﬁ herippesatd NGyseandl {coas inthhkibn thaed RCh Fhyoifopagation and/or
directi ng or actuati ng one or nore actuators 75 within

the rﬁJﬂ]}éFt i@k d¥e \&ﬁ/@@ﬁiﬁif@%&ﬂh& edumll SEUBSEQN? Of s M iscussed below,
ustrative distributed approach is prOV|ded bel ow

from mc el SLELEAE ggécpbr?l: §ygi’éfnei P ond 91%(51‘]6 nlf:ika r@? &R %a%ur@s within

l'agram o ustrative str d a proac
t t |
o AP ST G, s

Opti m, zat i roblemto operate a manufacturing
*“““F&é@ﬁ??ﬁafggﬁgﬁaﬁﬁ' “to one or nore enbodi nents.

Referrlng to Figure 2, a nmanufacturing environment

t i " b d i N
(19 ria .@3? i gd%%%%%!g%&e( %P@Bgrf%g)gvag g\%ﬁh ﬁ%}%mﬂém&c quzR% P% Gogerest 12

or represent a fundanmental principles-bas del of ,
As sughrgreeU il @ BPEreiSBRMIG FRY 5P HUME PIIRREX D & SpRSLc giume of
a section of the plant facility, For exanple, a first

intergsb | Bovgem! dowaiogerieried w@na\whm@ﬂt%%evaiém&mw%%mi@r@% 12
the plant facility, a second nodul e can be or include

and/ca somde 4 ohy ahynidatly iphag SeseparatiisopmprotErsoiiperishl 1 thgenerate
same plant facility, and so on until all the

the wakgh, Aot sadnmegun prentbelimen) fouapdiatdieded s)atine air guns.
("processes”) of interest within the facility are
represented by at | east one individual nodule. [0018]

(263 Thsetbaeis!lbtaye: aafighed anyeiembdisor wpvotess Fdakainple, detectors 16 may
adapted to refine, purify, convert, consune, or

incluG Be&id S8 HI0E 888auahynd el nathioh O iptho dubedimetieilistatkd in FIG. 1,
product. The facility can include, but is not linmted

detecdi@s 1L QIBWR ref IRQEL ESccishR! Abiihik 6f Rbess t BaMbwever, this is not
crackers, "'petrochem cal plants, other chem cal plants

mtmgi{d & be 1&'5}&1% Cd‘ﬁ!i npéc%%t énﬁﬁﬁ%ar@sr Q=R0brsB3S84, i@Bude instruments that

t rochem c& facilities for converti ng natur al gas
dﬁ:iec? saﬂ{sgrta&%t*ggnc WaY @%gtwotgﬂﬁrfunher in one embodiment, detectors 16 include
instruments disposed on a surface of a body of water located on top of seismic volume of interest
12, and detect wavefronts that propagate up to detectors 16 from an interface between a surface
of seismic volume of interest 12 and the water. Detectors 16 are typically disposed in a uniform

and/or predetermined manner with respect to seismic volume of interest 12, For example,

detectors 16 may be disposed along a grid at the surface of seismic volume of interest.



hydr ocar bons, natural gas |iquefaction plants, polyner
and plastics plants, steel mlls, pharmaceutica
woreofizietar i ng plants, and el ectric power genePGEL/USzH09/036329
plants. In sone cases, a facility can include two or
nore separate facilities, such as a petroleumrefinery
together with one or nore steam crackers.[0019] In one
or nore enbodi nents, the facility can include a
(21 plasraah bk Yec@fin SEPA af @eit@aBsertiRiyitemdl feeiat bansriak a scismic data
process units that function together to achieve the
storaé%vsﬁ&ﬁiié 1D RGL VR AforddRondRE 19 didkes AorHSBsh BBMAIIMes Aferred to as
‘process unit" is an apparatus or device that perforns
“seisric ARG zfe%a?edf HRGL LDBrati SYE AR AWBT QG5 381,98 34 GRIBI 8BS 8Qkction of
unit, a fractionator, a refornmer, a hydrotreater, a
wavesgf:&g}iéilxlt&tg N iﬁi(r% : ir'tfi’,gHY(a)afiﬁ)gqxlrf'az)f]ﬁ&u&@f!&ﬁiﬂngiu(%t?{%"gzt (g"geg%agigﬁ) infbrmation

eneration u rigeration )

"section" ,of. process uni S roupi.ng of .t r
reltcq 35 Gne S bgur o Bl it ds % OB R Liey B
gener%fglg Eg tsalg)szg% ?‘{)@L&g : r%lﬁt %8{:3@?&2 ng;'; ng\éle,:j iﬁug 53 ﬁiérr‘(g%gal@i%ﬁ?rggteg %o the waves
enbodi nents, the selectjon or identitg of an. N
detecter Gy vitvare! PEEATECEE T R (DR Beleto APPSR mRlituds ¢/8 ), and/or other
speed at which the process described by the nobdule can
imformp@gond to inputs and reach a steady state. In other
words, sections of the facility that are relatively
qui ck-respondi ng can be grouped into one nodul e and o
(22} cdnpariadiyebirgs Podele 18eyponitie gswie dassirempallye As such, seismic
grouped into anot her nodule. [0021] In step 120, each
data stovegevinddiad 1$odyieifdeont st wpreld@pyes sherss oodiad regnetic storage
par aneterized when the section of the facility
medid, epiiegan bethgoynddhatiighmidubregy watihasalot smdp: stedize andfiwenther
time to reach steady state for a given section can be
clectibhi@ sed® rydigdi fferent as another section. The tine to
reach steady state for a given nodule or groups or two
or nore nodul es can depend on many factors incl uding
23 Waatemieanttdk i10Rgated QUHIGNY, seRPRE &dth BYraQE FREule 1§ includes a single
mai nt enance, etc. Upon each nodul e reachi ng steady

centrfizAd Gora28GRUTPAU B HaRGLHENARR! SR ¥QEhtork 16 and/or source 14, In this
paranet érized. By separating the facility in step 110

embgigli%é?n,i Rdi-dual; rpailes séiﬁniQ %ﬁ%ﬁ%ﬁﬁ%ﬁtrﬁ&du@%, UBeSbRA 6, and/or

13
_ a nore rigorous and hig idelt
sm‘urct:: ik ?&%%%‘a&&k:ﬁh%ﬁe&‘&g gile%v:&%r?c po‘?nﬁf?rﬁlzét%g é%g %%%H c%%‘dhﬁaﬁong
W t hout™ creati ng conputing conplexity. such, nore
icﬂaccurate.rﬁsults canqpe gbta%ng _at nqgh)fast§r rates ..y
WreliSS PRI AR SOTPET AT V'E § TER b& oot T gE g apecs: e Sperative
i al i m . .
ik b%ﬁl‘flwpese% %&E‘,rlmac c!aya s?&%%ée mtz}guqe r}'%)ggd detectors 16 includes a set of removable
electronic storage media that are disposed individually at each of detectors 16 {or are each linked
to a set of detectors 16), and then are removed and transported to the centralized storage facility

for storage and/or data transfer. it should be appreciated that the illustration of seismic data

storage maodule 18 s not intended to be limiting. 1o one embodiment, seismic data storage



frequently, even if the entire facility is not at
steady state. [0022] In step 120, each nodul e can be
walaeh4rthdependent | y and asynchronously from BEDUR09/036329

nodul e. Information fromany given nodul e can be

shared to any one or nore other nodules to assist in

paraneterization. In sone cases, paraneterization of

any given nodul e can require information from one or
modul®Iemet hehudradel ' <listrfortedexangpd Beilides (endidvpdeed] st moldudiel

may need data about the unmeasured stream conposition
detec@fg from anot her individual nodule and the

unneasured stream conposition information can be

passed up and/or down the flow path such that the
(24) | TAGVE dURtaBDA @t BREUofizn@d thei gak acisal dae to account for reflectors

par anet eri zed. Accordlngly i nter-nodul e data from one

of se@%ﬁ@l&{zﬁ«e@ annke: RE@VE dedimk O ARG N il Be@o0iiRaLs ¥RBUh@Band planar.
when those individual nodules are being parameterized

As sHo P 1S Bijs:!%g@ated SR rﬁ%?au‘bﬁ? w9 E’s%'i(,taﬂ@ BSat®ar! Bk LR foRRSPoT the

nter-nodul € data fl'ow during step 120 one or

geei@%%%[aﬁfegtg}f% 'e}gg@:zsﬂpdv% iR ﬁ%ﬁ‘hﬁ t (??;r,%gﬁ&&f @%, elgc. } from the

requency than t |nd|V|

mi gi‘%%i}@ésfmf gﬂg ghaé i r{uerg d‘i‘/mﬁi% fi%p;% Lon Gt%tfi?xh%w g%ﬁ&?%d%?%p?ﬁ%yﬁ in the
| es. .Since sections of a aC|I|t can reach .stead
scismit S WO BF IS Her ahirhe aes e e W?é‘m A S 00 The
nodul es for these sections can be paranet r|ze
mwn&up éip@,y%f,cﬁ]‘gﬂm@ REe BRETRLGE FigEing gtsg;o | In F%@rz‘gﬂn an%fmoratxen isa
initial paraneterlzatlon in step 120, a reduced order
migrajpd ef sqisvsdalae mmqwmedéﬁamnm@?% ugdl DU @i Fdsreig v es
derived (step 130). The Mddul e ROM can be an
genetamg iy contpa b scbprie seMtsatiiare gfot rhgrafiendi 48 waatedrindot example,
In step 130, the Modul e ROVs can be |linear and can be
commster dzwedthfandbr tdrembmdifsdt duabtionedubebe afbsttaplykaivensiingpplicable
a matrix al gebraic operation. [0024] A |linear Mdule
to sciREM AR yPBeaealanede Pyystany ercbidad fianf dbdic stoat dt should be
variabl e Jacobian matrix (J) to an input-output

appreofinsll thii\Vh tomdBbizhots Of sikgb PRt ha b &RbitteAb @@k BrrdfBiiTshdrces, and
can be cal cul ated for each nodul'e of step 120, ‘and can

not aSRRIALAE N isiipkddd 8di6el ati onshi ps between rel evant
out’puts and 1 nputs for each Module ROM | n one or nore

enbodi nents, relevant outputs for each Mddul e ROM can
(25) 1 r@i&ﬂﬁ'ﬁ@ﬁ@ﬁ‘ﬁ@ Ak, @:{éde[?ﬁfﬁd%n&ﬁ Q%xt@ﬁarﬁqyb&ﬁ&&&ﬁh@&&% Bfssian

“input to other Mdule e gain matrix can

beam%%gaﬁ%ﬁ o‘i‘t}{e%g{g&?cdda?i d‘ﬁfméﬁq& pm% E@LF Gaussian beam migration are
described, for example, in U.8. Patent No. 5,274,605 (605 Patent”), the contents of which are
incorporated herein in their entirety. However, it should be appreciated that certain aspects of
the following description of system 20 can be extended to migrations accomplished without
using Gaussian beams as the basic function for decomposing the seismic waves depicted by the
seismic data being migrated. In one embodiment, systermn 20 comprises a storage archive 22, a

user interface 24, a server 26, and a plurality of processing nodes 28,
8



be accurate in the local region of the current
operating point for any given nodule. The reduced
woe@en2wbeel can be updat ed when each nodul e i BCT/US2009/036329
paraneterized as the operating point changes. [0025]
The input variables to each Modul e ROM can be
desi gnated as "u" and can represent mani pul ated
(operational degrees-of-freedom) and di sturbance
25) ( Gutrpietarfiianidtives infoduties Jravanbibbasnisideti gentrhied by system 10
nodul e. The output variables from each Mddul e ROM can
(shovlp@n F6S] UARtREcrRd SYdventhbaapriiah aes anrt wriasumdthagnod a seismic
inferred states (unnmeasured) variables, as well as

volur@Ureskice e bURGEL RN oRleNBNESres{ 002 @hciﬁnﬁkﬁﬂmt HeinkRpeta set of
and out put variables, a reduced-order |inear nodel can

stam@@eagletﬁi%¥§ da D¥se8 %&}H el (BGh $REmARNE” ABLE 6 &cdé‘éi %%né‘ 10

Jacobian matrix (di/dx) of each nodul e.

heam ?}3%% ?{'Qi‘ Il lﬂ)?' AL L8 Shd li*&g'cw“xg sQfmR »&J@%QQAEQE iﬂf%é f&eismic

denot es a set equat 1 ONs, denot es
data. g% ﬁ‘bﬁ"f esdl%lfrﬂi OF %gmg §§r rrrx!(:iké)el ervgiﬂ%ipg pRLQ ga%f 13‘1<1£>RE§1§%P m%nore of

|l e 2 shaws an _natr
s e g o ﬁ@pﬂtufa) T GUPRt °f aaﬁfl*)%ﬂ%%nﬁ}sﬁ%ﬁ*? FRLA BRI
shows an i|lustrative structure of the resultin
Genegglly rd YJeapOthle THe FHPSh CPON PRICIERE PAEHISISE PYPIEST 3&?2%@?5 that
and nmethods for migrating seismc data, .and nor
form Parseivetn wfiefronahat Freckle pedsi i g*ﬁéﬂ*d‘ﬁf%@ NS ’fébi%l igegtion,” in the
such as seismc data gathered in the shot domain (02)
eismByatieons chntres thabasrepmds sphh bervg atel A heamdeilingpia discussed
are known. For exanple, conventional techniques
hereit, ndfiebeatidne afenptasnien batéo thegfeo Gapiss Banfach edits stiomiroddime of
t he propagati on of seism c waves through a seismc
intera¥Q bl Bis Qi herestewdd 8 migsat i on. Such migrati ons may
be referred to as Gaussi an beam m grati on.
Conventional techniques that inplenent other
(27; 1 86 BRlcfWaSoli0: Noggt fSehsiived vawe hpmo phlpal sionzaarehiad 3Dincludes
known (e.g., finite difference nethods). (03)

one oMh@FAdIb@RnIcOERREOHES: aF & hofpi] ab@ge ohibe2appliretudetne or more
different data domai ns, such as the conmpn-of f set

of op BRI Mze HIC Wib%ﬂ)@loem B 1Pt Qor Rk Reid onmkinNSorage

Each domain typically has strengths and weaknesses

mwdnwfs}a{\ag %%&%F 'inetd%, ?xlﬁ’@it%;r 1?& Lopalyefdt b G136 3%, S'E&@g&%arc}m e 22 is

Ity, exi app |cat|o support of

opera d‘v %%nf(é/d ol }?g&\%rs"é sxtdcéauil:g{ pm@e%gzgg ﬁ&ies SRR 0RL communication

therewith. The operative Hnk(s) between storage archive 22, server 26, and/or processing nodes
28 can be accomplished via wired and/or wireless commundcation. In some instances, the link
hetween storage archive 22 and processing nodes 28 may be accomplished through server 26, In
one ernbodiment, communication between storage archive 22 and processing nodes 28 is

managed, at least to some extent, by server 26 in the manner discussed below,



mgration tends to be nore universally and directly
applicable to seismc data because the data are
WO e@onzede i n t he conmon-shot domai n. However nPQr/ES100%/036329

data in the common-shot domain rmay be relatively
conmputationally intensive. (04) Jn Gaussian beam
m gration techni ques beamtables are determ ned by ray
traci ng through a provisional Earth nodel to describe

(28} ONEoRY erifidenpal Adregedrchiod 21 he candkkdarchpai®afednot keple
tyre(s) of beans) being used to nodel the seismc

phy ﬁi%‘i’ﬁtmn_rﬂegst%ﬁ@% tablkes. 3 8nd figtbduned, dfragn@cii @l akisatisiributed
to determine an image of one or nore reflectors within

a&chﬁ%&g oS Gh §iU é:t?iyé?ﬁiﬂ‘!&ﬁ s‘?&raééﬁg{r@ﬁ;@éh &P @M‘? BE {RABM at a single phy sical

nlques or conputing and using beamtables tend t

iecatmﬂ ¢ ag %%%E' L{‘{&; Sﬁ?@zc?ﬁ% E&Qﬁa\;eé;qggﬁm%ﬁg/g{g{im%(mﬁéq For example, storage

n’ven ron rel SSI ng selrsmc

e 853 R 20E ST RLEE R B Eeaﬁ gt [Bies 3Ehe modsleg beine
%gi tabl e | ocation on %%aphlc surface from one

provi %f pug! opss ?”EF%@E%%%ﬁb odes that are processing
seism c data for mgration, wherein a bean1tab|e is a
record 0 re. beam.para f one

29 iRt okrelRi € %\)@ o bR Aol i gre or
the table | ocation; determ g whet her the request e

more et aitsheViiah FSE ROV He S IQBAPIBR TGS el T piedom
wherein the set of stored beamtabl es i ncl udes one or

Swﬁmnd@eibéaW$¥a%@@%fgwaﬁé@“@%ﬁé%ﬁ%@P?“ﬁ?@ﬁ@ﬂ%@“@?d@b§§whg
node; and initiating transm ssion of the requested

comnbedmbledtsve, ¢ talettalpréredss ay inbaeatidn. t e cerresicatd between the
beamtable is included in the set of stored beam

userstzab besgr 16606 of Avoizherchas@écterat 26 redionyentdsog nodiatéedior
to a systemconfigured to process seismc data. In one

examBREDO dici BN ikillee Sysikemus onpdnde saia bp lpurading, wicodser interface 24, one
processing nodes and a server. The plurality of

or m&é 9P§§ $hi0di RO ;fahR1ieR Qb GMI:e thadiOn PEOQBSShS &St data (e g

a for mgration. In sone instances, each processing

ve 0&:5}9 %}&%P&Eﬁ%ﬁ ! 6808 »H?ugfeqlf QB AP/ & AR @i Aot 8D gbarning the

gratlon nodul es are configured to determ ne an

migr atznqge g, é b 18 S8AS r&:t%ﬁl MR, DERe Rkt bhEy 9R9GHRPRIG: as width,

erern etermnation 1s based at | east

amp {ug{ﬁp déld:é)a F?aé%ctcgzs 4s fie fieg us%u ﬂ@u&g&L ‘E&ndil"‘m}d e e&fn%" R ofheP 8RB mation

magl hg” 'ocati 6n on
oS AL AL b I s
or norebeans that formseis efronts arriyv
keypRh U igP R FD SR BRI KRG RBTE MUGUPGS GPe: BBNT 1 cipeakers o
to obtain bean1tab|es for the mgration nodules. The
micrdpya En |1E§Iii%§1§(§’r fs i '&9(.‘31]3 e iilesg. i 4 printer. Inone embodiment, user

interface 24 actually includes a plurality of separate interfaces, including separate interfaces
provided at individual ones of processing nodes 28, and/or a separate interface provided to view

and/or manage system 20 via server 26,

10



each of the plurality of processing nodes to enable
comruni cati on between the server and the processing
woe@ed204rer sone i nstances, the server conpri SeBCHUSRIOY/§36329

nodul e and a query results nodule. The query nodule is
configured to receive a request froma table nodul e of

one of the processing nodes for a beamtable

corresponding to a table | ocation on the geographic

(30} suif ack: @idetshRd i sthcEcommhumestoh wahipes kithanha dwired or wireless,

det erm ne whether the requested beamtable is included

are aiw dRidiPatsehy 0k psdsofevdanamd Rt escmber vitiintube italthe 24, For
| ocati on on the geographic surface is determ ned by

exam%i'@ Gub ?&Q&ﬁ‘id‘v@%n&?@ﬂ%n@gé@ ©aNRSEHPRcd Nk BYInRGrated with a

ocatfon identified in a request for a beamtable from

remo ta%gﬁ g@%rr%%cax'ﬁ}e?ﬁc Ylagq 89596 %ﬁgiw’é"“’h { B LERUES i Shation may

e query res nnau e I's configure

t It f I
sl e Rl o R PR e
; uded in the set of stored be L
disk ﬁﬁ-gfi}?éfm& e GROLR ET HUR TR @gre&?aé‘&“f-‘ém R wisme

mgrating seismc data. In one enbodl g

data o8 GHSF @AY IUSEICH] iy Gah%éf\fr‘f@%*m‘éfmw ﬁ’ﬁrv n é%&fqe ﬁﬁ%“ “adapted
within a seismc volunme; (b) determning travel tine

for usgfwitiresiom Jfore dBRrEEE RAEsef aﬁwﬁ%fé?«@ HiCk R eIt S0, an RS-
pass through one of the primary | ocations, wherein the

232 poriakBlinkiave8. lndnpidgenadenelicona salde copileryr Imbpd, any technique
beans between a source of the seismc wavefronts and

for cdnv@uptdtmgiyfoloaahivath andrt Aay ebnttrpisisd b torpessnt moendion as user
beans between the primary | ocation and a set of

interfd@i@ct ors that detect the seismc wavefronts; (c)
repeating (b) for each of the primary locations wthin
the seism c volume; (d) determ ning gradients of the

(31) traver 2t immsgeethd fecdaammndietapensdires ponvide hofprodeesing nodes 28
sei smic wavefronts and the primary |ocations within

and skw'?z?oesﬁﬁx@ £ VOl R BAsetk aby LiRARk chlop@tis 0n didigl processor, an
det'erm ned travel tines of the beans between the

amiu\% t';c%%opfa di ?ai %ﬁélﬁmeﬁi NEY &I QRESinBRhaliRE 2R GAATRE Mircuit designed to
cati ons; etern1n|ng gradients of the travel

pmces%&?g‘mi%gmx% a%tz?@ ABniRE szﬂ@/@&ﬁ%ﬁv&%zﬂ?ﬁﬁy kR %@Ur&ﬂ@&l@r}ﬁoceﬁsmo

ectors ‘based at least in part on

avel., S I3 1) ”
111f0118? l%r%r}iﬁgééﬁﬁ“ rS./,ﬁ a{?ﬁ BB emsefeﬁ ? f«gse %Ctg%l}’ﬁgetﬂgﬁg%z ]; gustramc
e s B e P ST 067 Ao L
that is not a primary location based at art . ...
hacd e 1S EAEPl P BPER G GFoL et RPEr ] Hik O A, B within
bet ween the source of the seism c_wavefronts g(? the . .
the sgne fryioe. POSAKT ShERY (HFEFniINRcET AR MRt Ty R eS X plurality of
times of the beans between the prinary |ocations and
devisehepggingoh cdotmetior shorgnemglp i 0ge embodiment, a portion of the

functionality attributed to server 26 in the description below is provided by a processor (or

processors) associated with storage archive 22, while another portion of the functionality

11



spatial position of the location with respect to one
of the primary locations. (08) These and ot her
woRjear@Eye f eat ures, and characteristics of theP@FrES®N036329
i nvention, as well as the nethods of operation and
functions of the related el enments of structure and the
conbi nation of parts and econom es of manufacture,
wi || become nore apparent upon consideration of the
attribdted loowiveg 26l ageoviftd lon podestdrdoappensies tbdtad weamietdud distinet (and
reference to the acconpanying drawi ngs, all of which
poﬁxﬁisﬂ%‘sm dcaflakimat) kdh Stospecidhiweati on, wherein |ike
erence nuneral s designate correspondlng parts in
the various figures. It is to be expressly understood,
732} howey &opmntiR@GIhén ticakngsnanescher 26 helyuy posey ofodule 30, a query
illustration and description only and are not intended

result@fhoBuld 801 BHdtah Qe théduld 341 H16d@ks 10)62] MYLRABE &y bASmplemented in
used in the specification and in the clai ms, the

soﬁw%‘en}%‘é@éref SR sgme wQﬁiBinﬂti&pgﬁ‘ %eﬁt)@re h&@‘lﬁh‘:@easﬁi'/&rﬁ%hware and/or

referents unless the context clearl y di ctates

oiher‘g}s!? ﬁg&zﬁgﬁeé Oﬁlﬁ(ﬁi 4906 :!c: disd tﬁ@tta%c@giﬁxé&ﬁ GO I QHF F‘?Qre

sei sm elat Seismc volune o

iiiusiraﬁg éiﬁﬁ%t I’? a(,\%%%,rgfc& (;gcgag lv?‘ glsut} rp?os%%x?%ﬁf% %%1 Izp%ménga%{ms in
which Gr Gl Ry BE A w%é@asgta%g% °°“§F\m§530¥’—e§%ﬁ GrdateYeocaced

accordance with one or nore enbodi nents of the

remoRif e fsptheroyoditlets 3 il lustrates a bird' s eye view of
a geographic surface of seismc volune of interest,

.., according to one re enbodi nents of the |nven5é?n.

(33} (%fﬁlﬁ‘@g uly 3¢ %’?§¥$‘§£§7 RAOGSE BHSEICR JEMITRFEURE Bpdes 28 Toraccess to
geographi c surface of seismc volune of interest,

speczfasebwuﬁahl@s t BhagrergEblaprme e BHPIfEH IR BIPOIHBE NPNFEAFIHA siven
(13) FIG5 illustrates a bird' s eye view of a

querygeggrapdi ot Suifchcied of the eftipiereddicampatdss theftaer Beied by storage
according to one or nore enbodi nents of the invention

archielX) A Geh,6n prdcustgabesiven biard' wewyecdrlel why access storage archive
geographi c surface of seismc volune of interest,

22 andeeneitihageitod soRd eomniie fenbodiquentdbain tible. iiventivan,. query
(15) FiG 7 illustrates a nmethod of perfornming a

modu$ ey shets #iH Rl IaNiRbf S0 ibesh bl ciidedio hnsend safred beam
nor e |nages of a seismc volunme of interest from beam

tabi e§t§@tﬂ%§m§s@ K UL Ehquied 10K 110 i AAE Lided ik @0 deher SRESPAS: tables, The
data, i n accordance with one or nore enbodi nents of

tist ot §3Gml 1 RMEN 'npaﬁagad by server 26, and may be stored at storage archive 22 or separate

from storage archive 22 by server 26. Upon performance of the given query, guery module 30

provides the results of the given query to query results module 32.

{34 Query results module 32 is configured to initiate action by system 20 that is predicated on
whether the beam table requested in the given query is included in the set of stored beam tables

I the requested beam table is included in the set of stored beam tables, query results module 32

12



(16) FIG 8 illustrates an elevation view of a seismc
volunme of interest, according to one nore enbodi nents
w@Rowhzo4reqiventi on. (17) FFG 9 illustrates an BCBUS1009086329
view of a seismc volune of interest, according to one
nore enbodi nents of the invention.(18) FIG 1
illustrates a system 10 configured to obtain seismc
data related to a seismc volune of interest 12.
initiay 9¢R18 KOhd Go¥stE betth @by Bl ré@kbatrgdré@stidenadatl8. &f one
propagation and/or the reflection of seismc waves
emboMrkdi us el 1S8IE UL i9fialcphekestt Hroqiistel Seth SablisBeGlansmitting
bel ow, fromthe information recorded by system 10, one

1o theQog RS ;bx@@t&%%g, r Abd OBk Gtk 1d8adfees, MURN] Dndchierk file directory, a
seismc volume of interest 12 are determi ned. In one

pss;tﬁ?@ﬁ@;'&r@%wa% 121 e?g %%l Sial 4id ?zu u@sié?%raﬁﬁetagié i8RdeRip&BYithin

etectors 1 one e odi nent, source 14

smr&gfcza at¢§ ﬁ@ gﬁbr\éﬁdg pfignegaﬂ:% {7 Sﬁrﬁ@s&n%?bm Qf b{dﬂ{ &b ?&t@mi@d

source ource selsm

beam“%zgpfg%g@m SRS, T BRI S S
T PodicS

~__of interest 12 to enerate the waves., For exanp

initisgpipacierh SaRTRINTON Qb Heuaed RMURRS il FREeRTe ?&I&ﬁ%‘mg ode 28,
(20) Detectors 16 are configured to detect seismc

This wersefissomtrsay Rokiresiafrpestoraga aeltive 32 wehyBipcisher (gde 28, or may be
sei snoneters that neasure and record notion, In the

throughrbodenr®nt illustrated in FIG 1, detectors 16 are
di sposed on a surface of seism c volunme of interest
12. However, this is not intended to be limting, and

(33) i if gome redbediOnertsincd et orpeds wayp higlived included within stored
instrunments that detect subsurface seismc wavefronts.

set oSfdald talfity, thargueiynreqifie regbediZieinbics detpitions ! 1§ reqalsigd deam
i nstrunments di sposed on a surface of a body of water

tablel PERLEAPOALEOPS Bf re0badl Rarahblots Rtomplideesy ph2sssmpdodes 28.
detect wavefronts that propagate up to detectors 16

ane M&H}n@&z JRESEase nRat e @8y biBeenRts SeksRbGat@l ¢hB:
interest "12 and the water. Detectors 16 are

requé&%@ gk t%i«ﬂb}sﬁ%&?&gmg Rofes Wl TREM @{W&ﬁmﬁr@v@@ REMsnehule 32

manner wt respect "to seism c volune of interest 12

trarxsmt?tg ta%éi%% %an&?&ﬁﬁé i%ﬁéexgxgg We@ﬁia Pé&p@@&qt &Iu%ghaare%‘sésgng,

he 'surface of serrsmc ['ume™~of 1 nterest

o BB harlnal T Lok BB %?%?%S%&’r?ﬁ%ﬁﬁ it insances

the rgtscglsﬁsrénxggf %?gcﬁ*tgg?&agg? @qggstued bégfgﬁ?tgé %Jztélgsr& dsy%fxrg. ﬁ,g 90} %the,r ones of
t he generatlon of seism c waves by source 14 and/or

ProcesHBE detscti on of

2

(36} Archive module 34 is configured to manage the storage of the set of stered beam tables
in storage archive 22. The management of the storage of the set of stored beam tables includes
the organization of the stored beam tables so that they can be located and accessed in response 1o

requests from processing nodes 28. In one embodiment, after processing nodes 28 have

i3



waves by detectors 16. This information may incl ude
positional (and/or orientation) information related to
wo@e@9aro4ot h of source 14 and/ or detectors 16, PCT/US2009/036329
information related to the waves generated by source
14 (e.g., frequency, phase, anplitude, etc.),
information related to the waves detected by
i ndi vi dual ones of detectors 16, (e.g., frequency,
compBa s Geard fbld thude noehduded vaidh are sot dfatoredbarmmtiegrrchive madule
(22) Seismc data storage nodule 18 stores the seismc
34 adﬁiﬂaﬂhé nBLBCHRPNIA RbAN rabASIoINES B8LBIbEad &bl 18t @uAFethe newly
nmodul e 18 may i nclude one or nore of optical storage

compRdbam g@gﬂg thl GoPd 0k a&?&g@%ﬁ,hﬁ:e @QL 10 Lale h&hOLBRE included in
nmedi a Igital storage medi a, anal og storage nedia,

the se@ﬁﬁ!t%{ed 8&{})? [a]bﬁjue%ﬁfx%qg %n%ﬁ;ﬁ(ﬁ%@%& M‘nﬁml@(ﬁ\%}am lefhid R used again

strate sel'sm c data st or age

by pr?&g&%;gﬁg?&%&f J%QC glggﬁmq@il}g le centralized stor age

s operatl vely linked with detectors 16
and/or source 14, In this enbodi nent, the operative

{37 1 éﬂ u%ehfa?ﬁa defggﬁf arg Fli, m%@&i@gitn?g{}%g g&aﬁ&gﬁk sgtgaged(ﬁ'tt}?e%te%@smred

e acc

eSS S SR B P ki A SO
%# In some instan the geratlve S|n§V§ 1%5( i/

st s i b ST HGOMRBUTEH BRI CRl et OPeiEE T andor

includes a set of renovable electronic storage nedia , ..

configiyed agpaaiiielp baed on dePRacHY ANNPr SHheg BEATEETY) 8?@8%? areliige 22. In
(or are each linked to a set of detectors 16), an

this etrbedingnt iFbrrgvegde ahdntwiasepores dearo E@lrovigeie sa of f@aed bearn
storage facility for storage and/or data transfer. It

tablesiatiisdobeodp preet) attiedsiohat sithef the sausf starecii bparofabbwsiesereding the
data storage nodule 18 is not intended to be limting.

predebdtm@nig tgehiod, aRatve rselutnidintiate ost or agemotdulsghd edway the storage
include a set of distributed storage facilities (e.qg.

size AHEDEECkiabd bagh vy BbHRhEBtORSIA1E): cxa@d)e, Fl e hbodiment,
illustrates a system 20 configured to mgrate seismc

archi$@h8gdi0 2@%@&5& thé Qéieﬂi&ﬂ‘ ARk OF Bioef ofIRd BIFhCraMRY BEmWId §dt B stored
a seismc volume of interest that are not al ways

beamhc%iéa @r&@ér t@f&gu&l Biis @t()fag,@%u@ Bewk debe q@%rb%giha&ﬁé’s th s

ion W typical 'y enable an inmage to be forned

em‘ﬁoq ﬁ}:(tmrg S ?ﬂe o] 1%%5189%4 gn%? %c?f% 0% aam§Fe' M&bedgﬂﬁ?@s ok deieuon based

ect ors, etc
o mﬁbé)g Fa"&ag{x? gfnasngzin?gr{]ﬁlg BaaT@aiLf: 'b?aéza am?a < v%z% ggé%%ﬁy coniagﬁned an gimount
of imq?%r?q?dge Xm%lﬁnlrjgglégsg waEy éiﬁ{%g%za% c%q?{%gsleggg rocesrimg xmdeso‘rg a relative

storage size of the beam table(s), and/or other factors.

(38}  Processing nodes 28 coordinate {(and/or are coordinated} to provide a network of
distributed processing resources to perform migrstion of seismic data, and the formation of an
image (or images) of a seismic volume of interest (e.g., seismic volume of interest 12 from the

migrated seismic data. As such, each of processing nodes 28 mway implemented in one or more
14



m gration discussed belowis a mgration of
"single-shot data.” In other words, the mgration is a
worR@oari4on of seismc data that is generated bRCEUS2009/036329
single "shot," or burst of seismc waves generated by
a source of seismc waves. Single shot mgrations, as
opposed to, for exanple, common azi nuth and/or conmon
of fset mgrations, may be substantially universally
of hag@ippld, @bl @ tfonseirs ahd/osumwaysiHetian sEhddwarcarodiware, and/or
physically recorded fromsingle shots. It should be
firmapP ! Bgiighede tihahe ERbS&MEn HstanoRs of prosdstigh ecds@tifciude one or
may be emitted by an array of sources, and not a

more ¥ DAl SiaBOUEGSE, BSarkafogl rbddsdor al Bl Bzr&iiﬁies%ne({ @rocess
Returning to Fi G 2, in one enbodi ment, system 20 is

inforG M, 9#5%%;,1 &m@?@%@#&&d%ﬁﬁﬁé@@ni@%ﬁéﬁaﬂ 5k eRrRE, Jntl%r other

selsmc Somre of the princi p es Of Gaussi an beam

hard»%]bg EaL %’%ﬁﬂf@%ﬁiﬂ%é&%&éi%% E‘Qx(im‘?xﬁmle%mbb@m‘HntSDnE 8L el of

atent t he contents of

ol B S RS 9% L BB REk et PRI Fbsig g b
of the B ILomLQ% $scr| t.i on of systen120 can be
mmf%??@%@@ B4R T EHE 92665l i shed wi t hout usi ng

Gaussi an beans as the basic function for deconposing
(39 migqnz{%gg@ﬁica\é\%\ﬁgs u:rr%%tﬂ%%egérﬂ &?h o uge%nﬁ;&pﬁgiigmaseisngc data that
storage archive 22, a user |nterface§é4 a seryer ,
roserghiglig pIRIFT AL B piRiEeLoY AG HOHY A%t Soy PSR Hgderent

archive 22 stores information that enabl es sejsmc
pluralitof peaesing wdobyucsty §2§c‘erﬁid1a@ei§z SHEWHNT pEeocepsigg gesources required

descri bed above) to be mgrated, and used to form an

in procasriye: ©fsmac @i.s A cuchofammmn bl Whiﬂ?mfe‘sties(féf tpveraberihepgegnents over
vol une of interest 12). Such information includes a

such s@tvenfiorat orethsbediintralst esincidingsgduhbiyaifprocehoig rexipy 28. It
"beam table" refers to a record of one or nore beam

shoni@de ?ﬁ%@zﬁ&d afat ahRcRblOBrdviraNs shhat rigrmdehdoseaiis mhach the
wavefronts depicted in seismc data. In one

proc@8RP Wp'i@nﬂ/ acdoRiBRANIRAL FRDIES §F debdrhie Rrachaamdiabiey be provided
may i nclude one or nore of a travel tine, an

bya QH%L: LA e siRuRNARRBer RNpaROkLRd Qﬁa‘( L RChRNGR bR LA storage and
ean1paraneters nerally, a beamtable is a

manz%@s%%i%a Uri 59? felln iﬁp{h@ rREANLAAL @tn?atigriéa O QP& sRim RS a?dp ements a

ormt selsm c ronts that reach a

singl f ﬁmtcﬁssm Y n,oge 1S m&u ed ol l&”nr {h%%f&tét} 0%‘?%&1» lS igq‘lig | ocati on,

ersmcecvo corresponds to
the beamtable in the enbodlnents discussed her ei n,

{40} sd?#%%‘égc?( 204 %rggnoa%cz% 1?%10%&1} igr}i@e“agts Eg egg{i)g% %E’(ﬂk 'Shis is for

e sel I une of "interest,
shoul d not bg %lemed aﬁ

ilustrative purposes on i SOME IMP emez@atwnsggom or more of processing nodes 28 may
inctude a plurality of processors. These processors may be physically located within the same
device, or 4 single processing node 28 may represent processing functionality provided by a

plurality of devices operating in coordination. Further, although processing nodes 28 are

iHlustrated in FIG. 2 as being located separately from each other, it should be appreciated that in
13



(27) In order to provide storage for the stored set of
beam t abl es storage archive 22 includes one or nore
we@b®@otz@mé c storage nedi a. For exanpl e, storageCHUSI0Y€¢36329
22 may include one or nore of optical storage nedia,
magneti c storage nedia, solid state storage nedia,
digital storage nedia, analog storage nedia, and/or
ot her electronic storage nedia. Storage archive 22 is
some epdbditriculiyo ot micetbfirédessey metes 28 magird paweded of a common location.
processi ng nodes 28 for electronic comuni cation
n ond BERF@MER, olthe rapebabiov@sing Rkds )2 Ebetywedndsteragere software
archive 22, server 26, and/or processing nodes 28 can
and/oP Bride SR MRldufh docwited oM RYicB R Orvad 2k 8EOSSZS.
conmuni cation In some instances, the |ink between
storage archive 22 and processi ng nodes 28 nay be

(4]) ACGAERldeaNiad iGN QMR §88MBhed beabR oD R@ceRpAb MBS, includes a
communi cati on between storage archive 22 and

mi gm?i%ﬁ SIS RAI8HILBolisle MNANRHIes 86 ah@@SHnal 8 §AMBmented in

tent, by server 26 in the manner di scussed bel ow 28)

mﬁw%@% ﬁ Tw ngﬁgﬁ\gﬁgtsmr@tc%%gﬁ 1184 ﬁf‘éo‘ﬁ%a&z RhrSedreC S 6 At g8k and/or

ve lobcat singl e physical [ocation, as is

Rt R L PROBSGELEILD @il
e archive, 2

in FE%L?;’%%' Hjg Hooiggﬁt?dow}%higri "fﬂ%ﬁ EF{SC%?‘&P rum%u? eragftérﬁgm%gz&%ln? which
i BENEED S, P SLLL f LSSaL 0 o ot o oL o

i ndi vi dual ones of the nodul es bei ng provided at
locatgdigimpleduPMEAESCBIT processi ng nodes 28. (29) User
interface 24 is configured to provide an interface
bet ween system 20 and one or nore_ users throu
(42) usdissativayngibnItdie CPHIFIRER | @8?’?%56“%’%&‘1‘%@?‘??3 I 6Bk Sables thet
information fromsystem 20. This enabl es dat a,
comresppadlit @pleparatinnt B8 seaathpbic shfsrerd e sRISNHE bt igisyest to form
ot her communi cable itens, collectively referred to as
one of ko nmaks ofthe s¢ionie oborminiblentie dishetsmeeniottrbabgseris one
and one or nore of storage archive 22, server 26,
embR@NERthpEaeessia g:mdﬁshé&caﬁ@bsiémmhewimig S’\@N@ﬁﬂtﬂys that arrive
initiate a mgration of seismc data by providing, via
at or H&@hihd e tdatensddic @NEsiQT bdaBlthe hatahesedSmiich dataserded in the
informati on derived at least in pan fromthe seismc

beamck% 8)( 810 tab! @ic&@ioﬁg bleYsiomdleld Afor hhl@ tReicsBaphiv @lni® o@the seismic
interest) and/or one or nore paraneters governing the

volutlk O ALk 8Pm(BetSpatic@N thid didiBbu RN dbg R Rk &ﬁ;‘mnp Be. )Qf based on one

nore rnitia ean1propert|es such as wdth, anplitude

iAld ﬁ NGt ROMNAAL Yo € OBglSE LR,
0gm0¥”n§5pguﬁ?§ 5%%% d A Oﬁ%aﬁggni?ois e%$26 Exanﬁggs
p@mrpﬁt:rlé?xtfaggjgaﬁggm? ﬁi\éﬁ?y&g%& W g,tr a\k%la dser ?r!tujfﬂ% l”ﬁ? S;Q&it{ier& N ¥R seismic data
and/or information related to the collection of the seismic data, and/or otherwise specified. For
example, the input parameters that impact the spacing of the table locations may include one or

more of an initial beam width, one or mere frequencies of the seismic waves generated and/or

detected, a sampling rate of the seismic data, and/or other parameters. The distribution of the
16



keypad, buttons, sw tches, a keyboard, knobs, |evers,
a display screen, a touch screen, speakers, a
worR@eophone, an indicator |ight, an audi bl e al BEPUSNL036329
a printer. In one enbodi ment user interface 24
actually includes a plurality of separate interfaces,
i ncl udi ng separate interfaces provided at individua
ones of processing nodes 28, and/or a separate
table lbh@sdsdoen givavntesidnony Bdaandiar byanagemsysifemshi? odilas 38 of
server 26. so(30) It is to be understood ihat other
proce8QRRTHAIE Ak Vet 86 RAKGHQSve Qintthetiohaf thewd odtboatnts.
wi rel ess, are al so contenpl ated by the present
invention as being included within user interface 24,

(43} Fah 08X aiPbBmet DRI RERSEALIIINYERLY AReeGRE grPiat @g&plﬁdﬁﬁé” of the
user interface 24 nmay be integrated with a renovabl e

wmﬁé &E@g%ﬂw&%@?@& SndPhi QM @éhe*aaeres& QRS 6Dk VOuRR of interest. In
his exanple, information may be | oaded into system 20

gener 3[ am &W&t&f GeiSth RS x@zﬂ%i&@k&ed ﬂ%nﬁg?( dn &Qfago \vﬁhiffll‘t@@@:smic

renovabl e dis etc enables th

Vﬂiumcs gfr 1&1 52’% Baf e n?@a%% bg :}%m (!ng r@‘n& néa Qxfam@{%gs[ &riha seismic

e selfsmec nto sys

o AT R0 A B g i

rei‘i@c,lﬁagtgg ég%geg;‘éé r%: q%lk{g‘ d%ﬁfe? lég ]@? %Eﬁeng%@% IO %a éamem %@rrl: ‘“151%@ amplitude™
(tel ephone, cable or other) hor t techniq

image gf « eyAMIRTREIAE MRt BiTRIE V%‘Hn\moxsf W‘@'ﬁ%t‘%ﬁﬁ“é‘@“ frgtr ic felated
contenpl ated by the present invention as user

primdriy &y hacdsnyg, rc%@ii) itgef e givee ratRRgel! YRS Pices & pger to
and storage resources provided by Eﬁvce33|ng nodes 28

deteravirek t5¢ onageplindheithe BRage A teutten redeciarr mpBativayndvtd towmay
one or nore of a digital processor, an anal og

analyRE REfsArparanctirgictalded i @uicr ndesbgnedbioapootiess a version of the
i nformati on, an analog circuit designed to process

true-4rRB QLIS @fion Forfhu® Eso@RD iNBleistiel/ O 1ot elgimpayhaficamsin the
for electronically processing information. Although

emi—z?eé‘ w%@s kS1. Showa d3n.9kb G952, asd@r & Mgk Raldk by Moliihg,
or ustrative purposes only. In some

M.'gmmw,ﬁ]z‘e@{ Q03w (RELMES péhndray include a plurality of

processors e.g., hardware units capable of processing

hitp: ﬁl\?t’vﬁ) prt € el 9 r%%‘?issgﬁérsg?ys ! r \})%E' Ya%%@%aéd %OI'}’P?E%R ?«;ddddpt@d for the

sanme device may represent
S|n functl f
ana ‘y&%s\?% SEE mzé, %(}»5% nﬁée c?as(:%%ursg At a‘fa QP% o aﬁ é‘g‘ b%]L 'stséf? i%ﬁher than basic
enbodlnent a portion of the functlonallty attrlbuted
ray g er ver 26 in the description belowis provided by a
processor (or

(44)  Table module 38 is configured to obtain beam tables for migration module 36 to enable
migration module 36 to form an image or images of the seismic volume of interest. In operation,
migration module 36 requests that table maodule 38 obtain a certain beam table. In response to
such a request, table module 38 generates a query requesting the beam table that is transmitted to

query module 30 of server 26. As has been set forth above, in response to this query, query

17



processors) associated with storage archive 22. while
anot her portion of the functionality |I lattributed to
W@ 2009820426 i s provided by a processor (or procRCHUS2I/036329

that is separate and distinct (and possibly physically
renote) from storage archive 22. (32) As is shown in
FIG 2, in one enbodi nent, server 26 includes a query
nodul e 30. a query results nodule 32, and an archive

mod DUl 3ducs MitttHee the 30queRd baundiablk: i8thchmyd ahe set of stored beam
i mpl emented in software: hardware; firmware; sone

table€ @ADL RRY F@MtOho&d ENELR: (Nanchiarescsantihe tedubneiame: table by table
and/ or otherw se inplemented It shoul d be appreciat ed

m@du@é"?ﬁ uf fd f@@‘b&g‘!@d MRk e% BGhchdRd 1Rihd sddbialoted HebMahiiad, (i) initiates
in FIG 2 as being cs-iocated within a single

um;ﬁ{a%?ﬁ?ﬁﬁhgge#@&t% bidah RIS TRNLAG O0RIed Py m&@%%fe&%ﬁmg@abie is

i'ncl udes e processing units, nodul es

net n‘i%‘ﬂaé?/g? in t% ég’%\( 6?}?6& b%&%gﬁ]qea. ggkt?&%b&%ﬁ%ﬁt it g'mor%&?ersted beam table is

ery no I'S contilgured to process

not iigéséi&ﬁi ?qstéig reg gﬁﬁ %S gn'xl?%“%o gé%%t%u{) xém(?(g% gﬁz gz}zt'i ge%%?mgﬁtemmn of the
ce n node 8 1in en
reques DBn P bR CHOT e [kt 8 €08y d beam §ables that

are stored by storage archive 22. As such, in

processi ng t he ven que uer 30 may access »

43 Ot G i e rgeo G el ﬂé“?&%‘ B B eoms that
tabl es for the requested beamtabl e, grnat

arrivigiLad i e m%ﬁ%&«%ﬁﬁw%a@é% theridv ﬁ?ﬁ@?i@b‘% gt 6?3“%/9{%‘1@ of the
beam tabl es included in the set of stored beamtables |

seismtipdatet Mord prstisifiarbh iebleogedide BHsBesrkiteaptie apd dynsalig gy dracing
in the set of stored beamtables. The |list of beam

equatiab e detbmninathaged by fusetiang of #85e s miyoiseerdivgiregiit dable module
storage archive 22 or separate from storage archive 22

38 inlyerseny/Bilte@6xis Pomvpecly dsnmped BT 1"t peagiwemmiigoér ysiermining the
query nodul e 30 provides the results of the given

GreeflW €inttibes. FUR EYadisis uhd $TIeatiiead3R. tediBde Qimeybadas Thbowsen “Weak
nodul e 32 is configured to initiate action by system

JasiR QDb SGREBIbicated somaehetshess (| e yhadrs: talbilhalifah, er ol
¢mreazljest%% fn the given gﬁ%Ty is included in the set of

VeldthQl u%pﬁ?%mﬁ@e%% itderd et equeshed Reamitabbe. 1 $30-1566 (1995)

I nc ed1n the set of Stored béamtables, query

are u%)c%stg lsg%c%b Q !)i@@;%ghﬁjti{ B8 JeRERES st anﬁ@%ﬂ}‘ii@ gﬂeﬁ&% is then

he requesting processing nod e 28 I one

puisgfzﬁr? ﬂEO;Fe ar’ m&‘u§ &X%l é?g,s @g%* bgz‘?%g%’ rﬁ L @lzzrgz ?ggys%fenwzev in

eques SMtt]

o gszag@%@&é%%@%&ﬂq&%%wﬁ@fw S?: 180 s

a network file, etc.) at which t q uest ed
al., ‘”E{@réw;’tsgmné( pref gc%@éi%lll%lbé' c%nmzﬁv ey fracing in ater v varying lavered

anisotropic structwres,” Journal of Geophysics Res., vol. 95, pgs. 11301-11315, (1990); Iverson

et al., “Ray tracing for continyously rotwied local coordinates belonging to a specified

anisoropy,” Stud. Geophys. Geod,, vol. 51, pgs. 59-88 (2007); Zhu ef ¢l., “Frestack Gayssian-

heam depth migration in anisotropic media,” Geophysics, vol. 72, pgs. S133-5138 (2007},

................
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storage archive 22 This information enables the
processi ng node 28 to obtain the requested beamtabl e
Wa@lReoea2d4y6 f rom st orage archive 22 or from st or BGEUS2009/036329

archive 22 through server 26. In one enbodi nent, query
results nodule 32 initiates access of the requested
beam table by initiating actual transm ssion of the
requested beamtable to the requesting processing node

and/c2 BrickBhi ‘SRdyrransrg issien roayebelydiarepld iwedia. orarstovagesy approach,”
archive 22 to the processing node 28, or may be

SEG ERcatghasebyervo2@3, £85%714-6 (eery nodul e 30 deterni nes
that the requested beamtable is not included within
stored set of beamtables, then query results nodul e

(48) 3ARiAYI08u16 ORRLkALheNho Tirddhe: KR 1eS 1B ibanmhafbR is then
This conmputation of the requested beamtable is

creat@CEA WIS DEGe ¥ R HOGRS NG HOHL for 2% RRAMINS (RN RAGHIRNreen’s
query results nodule 32 initiates and nanages the

funct@RIPYE ldnOm. Obat REFRGUESL & PRAM bAR QbRYrI QEBSH &G model of
nodes 28, |In one enbodi nent, query results nodule 32

8
veiac?}‘igf?e}x?%gé% g%ﬁ%%!?%&@' : ?i'«;eir%%he[" Eaﬁﬁ‘ﬁaeﬁi@%?%%&ie@ 9r Bt ggigizﬂcéé\/rsbgume of

causes the requéesting essi ng no

.. to performthe conputation of e_req\ : abl it
interqsf (B R R B8 ot reuB elear SR SRS SRR PRl wsea 0
requested beamtable w thout assistance from.other,.
deter B O P By AT LIt o3 P BT 10 P D e g geamele
the storage of the set of stored beamtables . in )
one 0§ PEYaBATHRERI tramireoi HE ABGEIFERT A0 B RE Uitagish gp width,
the set of stored beamtables includes the _
amplispdsanid pachwrrigistie eaetney.ad>aeaty camliea. o/ prdbergrmpeters. The
can be | ocated and accessed in response to requests
inpuifpromaprosesei g rivt Gse. 282 uien ingeréece ABb dpdrsay be agaddpr sach beam
processi ng nodes 28 haveconputed a beamtable that is
tablepotphind hadleduswd thming 4 fiecrsetgrafonstregied rbeasn t abl es,
archi ve nodul e 34 adds the newly conputed beamtable
to the set of stored beamtable by causing the newy
{47} conpudce o heken flablee to opeasdrosiagstin 28t mxragesdr ehé veb&Pment,
with the other beamtables included in the set of
FIG. Stipiedicheamitsaht eRw o owlabhic endll: 0 thesinmewhvylume of interest 12,
conputed beamtable to be used again by processing
AccoRQEES, ABoushaylididhe: aaednani 8Rrs (G 3T%. 1, RefoRBee is also made to
enbodi nent, archive nodule 34 further manages the

comph@NR0L:Ren NEINIBE. Ohs SL LR NEAM BB RSmbondiB RbAND P& ains to
storage 'size of the stored beam'tabl es bel ow a

the v%%&e?\%&ﬁrimﬂﬁ% tz@ Fﬁ?@@ ?k %biﬁ-li'&(l«ééi(Ekaémlﬂgtﬁ%ymE% locations 423, table
co y (e.d 4

nf I gured manua ., Vvia user Interface 24)

d/,s nki gur I I . J: "
iecatiaegl?] é;’?ﬂ% ra%% P%Equ{a%%n ag{,}gagggﬂd%%!eg%{)g %@gﬁgphc?cp saﬁfa%é‘g%% %t%buied

er parane age ‘archive

pniformly or non-uniformly along geographic surface 40, As should be apparent from the

foregoing, table locations 42 shown in FIG. 3 are not the same as the locations at which detectors
16 are disposed in FIG. 1. Typically, table tocations 42 are further apart than detectors 16. The

seismic data recorded by a plurality detectors 16 is decomposed into a plurality of beams. These



this enbodinent, if the storage of a newly conputed
beamtable with the set of stored beamtables results
W@ 09mdlie result) in the storage size of the BEI/US$009/036329

stored beam tabl es exceedirsg the predeterm ned
threshol d, archive nodule 34 initiates one or nore
actions that reduce the storage size of the set of
stored beamtabl es bel ow the threshol d. For exanpl e,

beamb Barobecdnidod frentipfoanahinventaddd ireb3d: dinlet ihat @sretfads to one of
del etion of one or nore of the beamtables fromthe

table 3@hiiofs &t ored beamtables in order to reduce the
storage size of the set of stored beamtables. In this
enbodi nent, archive nodule 34 may specify one or nore

(48 of e, b%&ffﬁk@ﬁkf&&%ié Qca@elkabh gludhassdn ontiaaenighn FEE.6) do not
of an anobunt of tinme since the beamtable(s) was

mrre%{dng 't@@b&zﬁfn %@@H&i@&’ed 1A RPN ored bddalBLRE RERJIRGRR Mchive 22,
I e( s was | ast accessed or requested by proceSS|ng

and ansg f tébié Joakd n\(% &t ?E@&%dsis 2805 Hife3P&AMpond 1o beam tables

and or other factors. (38) Processing nodes

ine uc%:(% % Q@{@t ?figgreé %&%}4 ?ZE} L& 5905 %@H@c@veﬁ 9 smg?ytkﬁqqn%iula 36 0ofa

rOCeSSI resources

siver R e%?w"r{?aéoé ﬁo%qgﬁﬁs‘é‘ﬁ iSRS BRb R aﬂ‘ﬁéi § Q?S“d jable
i nt er est 12 rate
iecat@a.f@mﬁe SR8 ShhagvEthesr prokeder ﬂ@eﬁ%% . By ery
| emented in one or noreof hardware, softwa
moGiF PRRbIEYr AR ETISFS 96N RBRORHALT RGP Wa@sﬁ&d table location
software, and/or firmwnare. For instance, in on
42¢. dfrboiitherrse iTOHE. 3rthabpan éamqﬁlﬁééggmgdm!@d@@@sd fohtter lpepgion 42¢ is
one or nore of a digitai processor, an analo
nclupedipalsser pf dodil Gedrakabltisriben que@esqsglﬁgdmﬁée P olcssgr 26 will initiate
i nformation, an analog circuit designed to process
acceds d‘feﬁ‘&ﬁde@tﬂd beans tabtechynaldh ey leddd Lon et dvesingene dwpeged beam
for electronically processing information. In one
table CABDIOGh JIRRL 38 WINGO¥idATE Rebstpd BeesabRge nigess28oduic Boidethat it
one or nore software and/or firmvare nodul es bei ng
can RXBEMHERE BYLrQNS/8lag iR HeoRls Bhe: Jenegbbngiharduasdile 36.
devices (3 Conventional systens configured to
performthe produce outputs fromseism c data that

49) ' eseml gt e, oUliRMESesRRdUCad vy SY&LERPRI0 siif@e 40 of seismic
processing nodes 28 typicall’y inplement a plurality of

voluBE QERRRLNT: nades . dus Q. 4 he t{eﬁkﬂa’b}éq{\%tihﬁﬁ%d&ﬁ@xb}mm&gpmd oa
processi ng resour ces rGQU|re In proceSSIng selsmc

beamd@% théa‘?s 1?& GRS ShEM %&p ol LGH, REQYT desudOlh SEVEIBNIment, if

enen S over suc conventlonal systens I'S

migr %‘%@éi moégt Q(? {*&H@“qug Esgan'p gnf ?:I?At lt{,%ﬁ dép‘é%dastq 3 5&3{1&;}%%@%%{39%4&% 42¢

e appreC|a

from t&%? modat: 38 and ?atl*s% hoFe ?«.‘? gi\{t’? g%gerg&:s a qa\zl\fefg‘v ?or tﬁg]wqucﬁtg& beam

table from query module 30, query resulis module 32 will initiate a computation of the requested
heam table by the requesting table module 38. As was discussed above, once table module 38
has computed the requested beam table, archive module 34 of server 24 coordinates the storage

of the requested beam table in storage archive 22 with the set of stored beam tables.
20



processing typically acconplished with a plurality of
separate processing nodes may be provided by a single
Wmowe/1204t6 shoul d further be appreciated that er€EONINY036329
the beam tabl e storage and managenent descri bed herein
for the nulti-node system 10 to a siml|ar systemthat
i npl ements a single processing node is included within
the scope of this disclosure (40) Al though each
(50) pribibe serarg ofi tdec@Bsted betmowhle witiFhGset2f aprdddienn tebles causes the
single entity, this is for illustrative purposes only.
storagdelkiRQTehd Saphiyread Bidnonbles anéscabonithe pofiepmucesiaboeld, then
nodes 28 nmay include a plurality of processors. These
archiRY REAES M malBike Reiphy ShLabihYhd acatedbtihe st theosdieam tables
device, or a single processing node 28 may represent

beloPiQRSELNY 1h WAL LhRNAILLY stRE Q¥ Hed: 0¥esahPEUE RN dF¥in®br more of the
devi ces operating in coordlnatlon Further, although

mme }g&s‘%ﬁg‘\!ﬁ&%i\pﬁgﬁﬁ w%{% B Gt bt ét g&;ﬁ ehihdd. Eh&;g gpi@t%ﬂ*%ﬁ"'aﬂg of more

ed separ at el fron1eac it shou

of ’Ehf‘ﬁfc%}&l tgsgst t?‘,gar&p% mﬁgglggg 1%1%3%1 %(t %&ch ﬂ%ﬁaﬁ@! the first set of

'ng nodes prov at’” a

1able hgatg(gg!g%sa %WCFHWS%BE g}ﬁgm&s ’t}i_ﬁg%&’; egeé?i%o i v ;é%&? E?e%mn&igbies, and
usgégg\%‘gﬁ%%@ggg Aap es Rgi(ifeigluﬂtéﬁg enxpg in?gf l&hhecém(g{e\{. SP1abT locations
enbodi nent, each of processing nodes Zﬁé%ncludes a
42b dyp & e FOMPYBERT BdStragertdhy EpTsieRbaUn & Modul es 36
and 38 may be inplenented in software; hardware;
rmavar e; some combi nation of softwar hardmp
(51) B TR OVarin 5 BPHEPARS B SIS LIdRERE: o1 migration
shoul d be appreciated that although nodules 36 and 38
modudrse 6 df persersdteathdpnl Fin@antulss, ipatanirddd PRO¥A BEHWRPRY &
single processing unit, in inplenentations in which
imaging el vinglsahotprisoeséitn gFmod@sm%aﬂme»l A fgeromipkam pibée that corresponds
processing units, nodules 36 and 38 may be | ocat ed
to the :Qpﬂﬂi’;@lfMiefséﬁﬁ'ﬁiae‘aMfmthﬂmmgéﬁx)g tMoggiatdionc robloleet 3@eiest 12. For
configured to process infornmation recorded in beam
exambpBDFRS dilladireatiasrepdidooit@blaptiosaticons oateitite volume of
geographlc surface of a seismc volume of interest to

interdsP LIMRNG IREINDIES,| KB IQThP fnclliB eS8 Be Gootfibsi i thaf corresponds to the
interest. As was nentioned above i n one enbodi nent,

pmn;og 2062 12RLESsHERLRSER i HATeNPOThitk ahaakss Bg' Si’ pwcc;smg,

ismc wavefronts that arrive at or near the tab

node% ocatll e&ﬁ £ gggﬁ'cg?%@?%a@ﬂ t?g?%g‘lﬁe%%@c% 9@5@@?&3@&1%!‘1%@ 5\0’3{ &bt the

are r eam he table | ocations

sourclaﬁhﬁgaﬁg é%.g%sb%g&drd 8}; ane m‘ @T?o%e b alﬁ? ﬁ%g%%s i %a%ﬁs’& }B%ﬁl%xeoigeams that

I a un| ut1 on

ISt i bution acln atte
form ggsmtgc, WavES g(energ{eﬁ by g@mce s P rn, etc) is based on

(52} FIG. 7 illustrates a method 46 of performing a single shot migration of seismic data to
form one or more images of a seismic volume of interest from beam tables derived from a model
of the seismic velocities within the seismic volume of interest {the model being, in some

instances, a function, at least in part, of the seismic data). Although some of the operations of
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or nore input paraneters specified for a given
m gration/imgi ng process. These input paraneters may
wheoospzweidi ed by a user (e.g., via user interfRBCEUSNYI036329

specified in the seisnmc data and/or information

related to the collection of the seismc data, and/or

ot herwi se specified. For exanple, the input paraneters

that inpact the spacing of the table |ocations may
methddid drd disomedOreiom pithodspat th thietcompotlregminydeh 20cneribed above and

nore frequencies of the seism c waves generated and/ or
ilhstdebecFE 2, A sBanpbé agprécddial Bbt thhds feiilbnirethdataposanviprand that

ot her paraneters. The distribution of thetable

methd DERhEORSint BEm @@l VBRI At coRpomYishaddetgramnethday departing
one or nore of table nodul es 38 of processing nodes

from %g’bs,%ﬁrc\f @lis §6¢ 0@!?9/ Bl ke gﬁ@d’@! DAbbOREnRht N8BS Bperations illustrated
conmponent s. n one enbodi nent, n1grat|on nodul e

in FIGY iﬁ%ydegzﬁb fiHl::U R€not ifiGie@ TPbd ﬁ}ﬂgﬁi . \Ji{@m&ﬁérﬁ{m{zﬁmm

vvaves re rom one or nore reflectors with

‘variousfom% @5 ihf: operg&mg ?tbg g?.l%téf‘n}cd N 980 Abhed tnsﬁ} ﬁg@hé géﬁ gﬁ"th

waves re rom a gl ven surtrace wt
JLhe sel n1c Vo Mmack.e ,
verio GRS RBRA P HETUBTRY TEH DA teror Y Qs frossther andror

varioy e oB I HET G L T SEH! »«Sﬁ%r‘?é%?@?ﬁ%?&m ot i Bsctosure,

reflectivity of the given reflector, and/or other

as shytkbhowdnerialds used herein the "true anplitude" inage
of a given reflector within the seismc volunme of
interest refers to a netric related rily to the

(33} sénspmeerbedimsripie grye shai émgi&v@hd?%%ﬂ{* dga RSt Wik 7 may
i nstances, in order to determne the true anplltude of

inchuddwe’ aun@gséetofrmmémgirv‘emh drelsewcopl thmsgwatcu vy enisdgivali gen array of
mayanal yze t he beam paraneters recorded in one or nore

seismiveamnr gyabless. adeeranplg. Yo/ frper ik ema0d! ohees may be locally slant-
true-anplitude inversion fornula disclosed in

stackBl @bahel tsinOhetshact amgiingopizatief diestion snd fagshien beam tapering, o
earth,'" Geophysics, vol. 52, pgs. 931-942 (1987),

form @@WGWwbé}bhot MVai fhermatd esh ofiivbde ldcpiglanisgeladiranioafidms a
Inversion with Gaussi an Beams

GausBihd-Bedrh WS WRnB1430S . Btk miter BhSHictGinae! gRBGLE SocRiins can be
(accessed 2007), that is adapted for the anal ysis of

defin c?bysgﬁe ﬁrv‘?é’rg%gﬂpgﬁgﬁgﬁe@ r&’%&ﬁ‘ﬁ@ﬂe ReATR: thOliseP ARB R RRNule.

asis set) rather than basic ray theory. (44) Table
nmodul e 38 is configured to obtain beamtables for

(54 m‘&r aﬂtdﬁgﬁti%’gﬂla%iéﬁb&t%n%?%&srﬂf bR '0@&3@5?9%1”%2&6@ $eRgraphic

I mage or 1 nmages o the seisnmic vol une

sur fa%;haﬁ{itt"e g’%ﬁmik U %%&%%g;%n% 1%@9‘&1@& ' Q&hwwb@bé o daf ?{HQ%ET%&;)M& toa

talrn certaln beamta

beam [ SRR YTTeS in the set of beam tables. In one embodiment, the parameters upon which
the distribution of the series of table Jocations s defined have been discussed above with respect
to system 20, In one embodiment, the distribution of the series of table locations is determined

at gperation 47 by one or both of a table module the same as, or similar to, table module 38
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such a request, table nodul e 38 generates a query
requesting the beamtable that is transmtted to query
worowahz0430 of server 26. As has been set forthPEDUS09/086329
response to this query, querynodule 30 determ nes
whet her the requested beamtable is included in the
set of stored beamtables, and query results nodule 32
either (Qinitiates access of the requested beamtable
and/doy strakd the poGkudse ci38milfr tbhervee Qb dstied Wadnue abbven indF1G. 2 and
included in the set of stored beamtables, or (//)
descridati tb@tces conput ati on of the requested beam t abl e by
processi ng nodes 28 if the requested beamtable is not
included in the set of stored beamtables. In one
i55) erdagiopenation if, dddeyr @queging tbchgamat abher ibs gnatraphic surface of the
included i the set of stored beamtables, query
seisnti@6MLiS cREUE S ad2ichinld, | B85 Gophubakiian, BbsdibRging locations are
requested beamtable by the requesting table nodule

coincafeng &ﬂ@)haﬂ@r;&&ﬂﬁéﬁi@io@aﬁ%@%a& @&k@g@deﬂb i SBPshide8mIBnles. In some
conputes t he beam paraneters of beans that arrived at

m‘zpi&ﬂgwte}i@ L 8nd 1 L}.'@%ba%@ f xﬁg‘igﬁ)@}?kﬂgmts hat B8 ngt é’(ﬁﬁbi&%@%th the series

urlng & sanp I ng of e seisnc data. Mre

of iabg a[ cat?ensaE }Jag Eﬁku U{@ Q&QL u?%m‘?g?%ti\ég e$EH§ ﬁ%‘éﬁ% %ﬂ'ﬂa“m%iﬁc&ii(’)ﬂb

I'hg equations
o} ,
are d%ﬁﬁtaéﬁ%ﬁéaircﬁpﬁ%r{ﬁgﬁipgz éall_nsix‘%} é}aﬂ %‘g{] ?ow}%‘g an(ise\rf/rg?c% atl O%QB iSa 47, while ina

| sotropjc, (' TTI" meterization in deter

“sathef gBipr IO iMeR PBALERoe R OB 9T n}*f“’@g%“@ 8%
t echni ques described i n_Thomsen Weak el stic

locatighf-sEEahy # SERYIREEIIER MY PE P@f“’*‘p@‘éﬁ"*ig@ﬂ‘e%é‘ é( 1‘986}”"6‘“
and/ or Al kahalifah, et ah, "Velocity analysis f

interfaeathenie Hisahiieias ot HioPRCiomse! iateGaspiy Siog i, | @Eﬁ deggjebed above}
1550- 1566 (1995) are used to specify anisotropic Earth

a numipdef ivagimclotitess. Wees paiicdtrivopi fcgzﬁés} HEREPHETINS eprss, a user
performed by one or nore techni ques described in

speciGey ¥ emyber'of Sekgmiotumeaaysat ant be aytpiriteths ptocess, dnd properties of the
i nhonogeneous ani sotropic nedia " CGeophysi cal Journa

imag¥ Oblund9 (e PO Fsel olBetlak BB}, o1&3R] A3aHobildaie apbreciated, the number of
“""Vertical seisnc profile synthetics by dynam c ray

imagh W8&H1RE 1d rBlalcAliS BRI dhhbves ikagink Avariad, anl BOBRQPItes of the image
structures,"' iQuraaj .of Geo hysjc”Res., vol. 95,

wiurﬂ&s é)ﬁ‘]i%ig?(@ g thel33icikid 900 irM@IHAT uRd m@@mv?@éimﬂs defined at

i ngfor” continuously rotated | ocal coor di nat es

Qperzgz_g QRIIL gzixct &‘%@ocﬁﬂ&ﬁ' J;Jgi?aqxé@ﬁ% 20l & P¥e Sh UG CRARIY Shigration modules

Zhu' etal ,
that %ﬁme‘«%xtngc ()rGQUS?'ar an 9&&%? e&%g\)ign %r ﬁtegﬁg% 'ng aﬁ%ﬁiq}%gcg 65’ above.

and/or D ckens "R ay tracing in I|Ited transversely

(56) IE)S(SE :rnso ﬁ“ﬁgg?‘}f%é guhg&/ &h§§k§ é%etryte@g»ggr g& ig 618 iz?g% %‘ éSn, seismic
rmane een.s

VOEL!EEGF] 8? 6)1“\/%:?1 ?{B@g&* ?@B‘f gﬂqggigoeiﬁ%eﬁzons défh néd (%'opemtmn 4%”%03* M Reative

purposes, method 46 is described below as if'a single processing node were generating an image
for each of the imaging locations in an iterative fashion {e.g., via operations 72, 74, 76, 84, 82,

84, 86, 88, 92, 94, and 96). However, it should be appreciated from the foregoing description of
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created as a record of the beam paraneters specified
for the beans by the conputed Green's functions. As
WG owb/124he beam paraneters recorded in the beaP@T/HRI089/036329

are a function of a nodel of velocity, anisotropy,
subsurfaces and/or other Earth nedia properties of the
seismc volunme of interest (derived at least in part
fromthe seismc data) and one or nore input

procepain@anetes 28, thsidd otocdistdmpmtnacthhé A& sgerfosnddincbimingtion by a
The one or nore input paraneters may include, for

plurabiastpk@cssdnenogies fh ehobepartd priotdsaihg bedunddicrremtrigdmagairter a
or nore initial beam properties, such as w dth

subse Pk tHaan ANAQ@Ins APRAAGE BpdratidiC4df 1h @EREBIOYith fic RO BREYssing
condi tion, and/or other paranmeters. The input

nodep aifo? %ﬁﬁzﬁﬁ Ah&e GRAS drQWF ABL& G nBdes PUHBUBE Meldl 46 TAE Boordinated
. and nmay be used for each beamtable conputed

mann?; &’ netSHd 7qHLk %ﬁﬂg 1k éﬁé,etlp c%%c@és‘ir&"!{o'dgﬁﬁ ggrf%ﬁjﬁr% $Squisite

n order 't strate the operation of

opem?m%éps Sthé %@d 3 &' [ déég@%n‘é;‘?s PN%q ?5“ el gsH ’32,394 an d % to form

ustrates a Vi M/o gedgr aphi' ¢ suft

. 40 sei.sm C I Accordin
an s RoE At ERS PlrTo RGeSt PP EeT b e B B &
reference is al so nade to conponents of systen120 in
(57) glr %%/’1“% é,%%gt h %ggféﬁ%g %ﬂ%‘!n\%ﬁ%wt%%ts w:ﬁam @F @tsfg;o v&iume of mterest are
abl.e | ocations 42 (illuystr.ate ocat |
dﬂm@&a i ‘%lbtrig““r’%jc%ﬁtg%?f@éf% BOCEERE i 4B gt?é”"‘t %&%‘ﬁ%*%ﬁ “%2’8)‘*“%? ‘éoiume of
i ndi cated on geographi c surface 40, distributed
intergshi IGIEFPLBYIMIBH e FAHIFAS Al GE0GT Kot & d§m%>é gesh points
40. As shoul d be apparent fromthe foreq %ﬁg tabl e
formpg aredsiemited dHowals bH apndor. dige Avtonsinedld a%nqdﬁ’ethm the
| ocations at which detectors 16 are disposed in FIG .
seisufic valypieodidtyestt Hbt exatnplallionsilingratase mounttRdefliaphyihin seismic
than detectors J6 The seisnmic data recorded by a
voluipk uf @tdrésy 12lesbtughsn 86 devadecdnpes edsiatvoluameptiunatest \2 provided
of beams. Thesebeans can be cal cul ated from
in FIGNE efcBmtt RNicHatdiznesnk fvdarmantiablies stdudd beaprespaints: this is for
to one of table locations 42. (48) In FIG 3, a first

simp88ly Qiv, Lkablig: Leeptl RERddRanl kinsaliatpethehdic@ut bhitheplane of the
onl’y in FIG 3) do not correspond to a beamtabl e

page! 'A% l.wdedsde if PR:. €5 sé%fos st preskyheamiatd g d%t%%gmleﬂt points that
storage archive 22, and a second set of tab

ou,u! &ﬁf’%' R qﬂ%ppi‘g&fétéi‘%ﬁttt dlqt‘st%gm?ss solid in FIG 3}

esp ond“tof beam tabl es included in the set of
stored beanrtables stored in storage archive. If

{58) méig@%iﬁ?r%em%ggtegQu {33 e 4;9 gxfagﬁggﬁx@’&%i*i@g}f BAGER volume

requests a beamta at CO ds to a

of m%re%y Fﬁt \%gexg %lg &%SA’X% %H tg%; 4(%&1’;"4::&?@ lssegé{ﬁgr%wdeso%%e f4 chgtatod

Ven™ processi'ng no ener quer

wave%ronts within seismic volume of interest 12 that can be decomposed as a plurality of beams
56. As has been discussed above, a source beam table that corresponds to the location at which
source 14 is positioned {e.g., source location 44 in FIG. 6) when the wavelronts are generated

ncludes one or more of the beam parameters of cach of beams 56. As can be appreciated from
24



nodul e 30 of server 26 requesting the beamtable that
corresponds to requested table |location 42c. If, as is
Waob@g2ases in FI G 3, the beamtable that correRQDON0Y0B6329

requested table |location 42c is included in the set of
stored beamtables, then query results nodule 32 of
server 26 will initiate access of the requested beam
tabl e by table nodul e 38. Upon accessing the requested

FIG. Bahesettalhemay abl mopadislie s@8givipaths provitdeisthevelegaesinedest 12.
beamtable to mgration nodule 36 so that it can be

TnsteME @de ondiffhendds Of Ak icompimtgl sighprooes s/t wyrexedutned! interest
by m gration nodule 36. (49) FIG 4, like FIG 3

12, bbdch U] i@ BSreBabbd 8, BNE vl Dkcige aghaphie! suedgceisdic volume
of seism cvolune of interest 12. However, in FIG 4,

of infRYUES tiadial aPhe rdiReald AR/ 426142068 o NBIht 60K LEGRYPEkstRvaeh optical
beamtable that is included in the set of stored beam

medi%%ﬁ%ffeg@ﬁ iSHER o f '.rc{}ra%{e?&i) ephadl entamdidrs PcAYRYE PMe source beam

requests t eam tabl'e that corresponds to
re st.ed table.l [ 4 QR , 00
e GRG0 b EPhgt S5 b S2aE PR GrBE By
o g RIS UG TP S 7 Tl s ey o

... reguested beam table by the requesting,table dul.e .

ustBNE REPRRES. DeSel Led oS Re B BT Ot T B pgipin. these
conputed the requested heam tabl e, archgve wqguLa 34

beamgfarasigqalasas SIPUEHBY HPMALETOPHBS SOOI PHRE Wjiieie Bgpms could
beam table in storage archive 22 with the set of )

also bt el Pemmittapness psaetipg frmesoytes 4gdl! grosprgugh or near a given
requested beamtable with the set of stored beam X

one dfal ddinedpemeritihationofhgihcst besmstarg identdfend inf gl the roference
beam tables to rise above the predeterm ned threshol d,

numdrhieitaarciurien afotebendstaset padedhraggh omethemaivat atimatyiecation 54
storage size of the set of stored beamtabl es bel ow

will fohig: 4 Aok dontdibuiDneo e MRecki-TR it psuehthaath dr givtelpuidesy
the deletion of one or nore of the beamtables

locatfneMi ously stored with the set of stored beamtables.
Such a deletion of one or nore of the beamtabl es by
archive nodule 34 is illustrated by FG 5, which

591 | Rushinatask ohad 7rebsgeint @f mit abhigib oottt afs 42pri@sry locations at
including table | ocations that correspond to newy

operARineiRes - BEATL tRRIRS an 85 dnl JSLNALESHE BEah LAHGRESE from a source
tabl e | ocation 42c as being included in the second set

~ . 0f .t . L.ans .. ' ) t, X t i o give _
of seffrst SRR HATRHORS AR LR B SN TSGR o etven one of
e AL BPR R Rele ODe ETRRALTEAL 1y S BLED 20

processin

i gﬂaﬂebsy analyzing

28 in particular, is d,pgedqto rformmagrations. . -
a soufifefeapT P gioh g Pt g BedriatoLel Ehi i e Edfapion of the

m grat ions a source beam table that rrespongds,.
SEISmic %vaves by the source. rs:ar exam;%e, t};e source beam igijqfe may be Qgtamed by one or
more table modules the same as or similar to table modules 38, shown in FIG. 2 and described
above. Technigues for analyzing the source beam table to identify beams that make a significant

contribution 1o a wavefront that passes through a given location within a seismic volume of
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to the source of the seismc wavefronts propagating
t hrough seismc volune of interest 12. For exanple,
WO-L@@9/18474 | ustrates bird' s eye view of geographiTUS2009/036329

surface 40 of seismc volune of interest 12 shown in

FIGS. 3-5, and further including a source |ocation 44

that corresponds to the position of source 14

di scussed above with respect to FICf. 1. Tabl e nodul es
interd3Baro Hisploonk §8iengmplode 28 aputie-biver sguk eégrbéam. Ross Hill,

tabl e that corresponds to source |ocation 44 such that
Geophhfcssalraenbeanulyabhgsi H0a, #@C 014g- 0K 0 o1iéloy, ambGeubeabean

paranmeters of a set of one nore beans that formthe

migr@ ST CEmMWoN-S8:: 38RREAE R Y. TOW, CRoplysids93). 761G, 47 July-August
illustrates a nethod 46 of perforn1ng a single shot

2003 ng;ggr 241.9%y @f;r:?@? S daliah 40 H&fﬂkﬁé@héﬁém DS l:FBRE8S:. In one
a seismc volume of interest frombeamtabl es

emha%ﬁﬁén‘f e&e?a‘h%ﬁ”«@ L tgp&i o e eg?seér %JFL:%N B QG thBSheWr bl Demigration

sel'sm c voI I nt er st e hode) béing, in
ances, a_functio | cori
modugeesr{g% ALe S8 F%S'H:} awjx{ %%‘E%#%%F%ﬁ%% r?ﬁmgxti %p%rs"gg\rv% F]nsﬂf& t2r£§d deseribed
b of method 46 are discussed below with respect to the
400V onponents of system 20 descri bed above and
illustrated in FIG 2, it should be appreciated t hat

(60} Lg%%go%ﬁ% i x?&é%%}ﬂ%%ﬁﬁ? L%I % %F%té$1 cgfimtlgn % has been
co nent s and/ stens w t hout f th
perfogRap T SreTa & (e BOTR IORPES HarE g’é‘%@?‘%‘ é?eﬁp?fioneéﬁ s

arrangenent of the operations illustrated in F
perfogner beges ey HEgatt @Pd‘i‘i@ﬁ’ et s Hesige &% Sipalaf TW‘&»W@O“
In sonme inplenentations, various ones of the
modwprettatippndn Em%an@eie?yévfbﬁ@ plhred. (it wricraded gt HeFatiop 41 that
the one set forth, various ones of the operations may
operdvien G8ibs mederd pdvicpinheé s cartdighe dafinedrptimety latatiogabpremethod 46
and/ or various additional operations nmay be added
returid tolo@ettsticie pRahill ngerftieni® ik ecdiopd fofa differcdi wohos leweiiomsif it is
shoul d be appreciated. (53) In some enbodi nents, the
deterfilingl aeo{sd?@tﬁamaghatcip@mid@ss hidiedn petidrmed Spaoth bOhEHGined primary
may include a 'super shot" mgration in which the
iocatRBYNES: Qbhbdes pL&T: Gn WRMESod &2 . actual Iy an array of
seism c energy sources. For exanple, waves fromthe
array of sources may be |l ocally slantstacked together

¢51) USHAGo Hhe b SRS EEMmBBR B rRIHAR A8abLIB bel eetd Bfluanidource travel
Gaussi an beam tapering, to forma single supershot. In

time.! @hﬁ&%@r&%@ﬂﬂx&é b i dualard Qeal tm% Adiestaele Qbérﬁ%%hﬁ@ travel

a Gaussi an-beamt apered pl ane wave. The nunb

tre}m%]e $0%9 r’fg s&% E}%ai?gm x%%ﬁ th% sg&% 4&9& e 8 tek?gst dﬁg %Jlﬁdth@éourw

par amet ers provi he user via
irave c.,E Qr%a 378 gwen trrgarnfa %1 ?13”&%%?1%& at operation 38 as makm;c, a significant contribution

to one or more wavefronts that pass through a plurality of the primary locations will be different
with respect to each of these primary locations {e.g., due to path length of the given beam
between the source and the various primery locations included in the plurality of primary

locations). At operation 62, the gradient of the source travel time of a given beam emanating
26



(54) At an operation 47, a distribution of a series of
tabl e |l ocations at or near a geographic surface of the
w@ei0sie@7e/ol ume of interest is defined. Each oPCT/H82009/036329
tabl e | ocations correspond to a beamtable included in

the set of beamtables. In one enbodi nent, the
paraneters upon which the distribution of the series
of table locations is defined have been di scussed
from davercakd hpluedipect privesrg ystems ZBlentifedon eperbodi Smsnrperiencing a
the distribution of the series of table locations is
wavefletab Ritnedhaivepesat nate 4% ghificanecaribigamh isafeicamiral] & one
nodul e the sane as, or simlar to. table nodule
embod B/ @Erabios 67 Wcrﬁshﬁadsmaaﬁ R nédgrtidranodOesBEN\GeS the same as,
24, both of which are shown in FIG 2 and descri bed
or sARRYE ahiglicAmialicoPetRbi:an M8, 2 and@kiasdaboldragi ng
l'ocat’i ofis at or near the geographic surface of the
seism c volune of interest are defined, In sone

52 | "Rl 8NBRLALL 80 dctPRERHLIRIHAEG ok @CRhBAShAERdiont of the source
coincident with the series of table |ocations that

trave%ﬁ% 65004 alioting 8etacforRRAAR Rl BS entbirS88 Bource beam table that

enentations, the inaging |ocations include

were tt(? %?Eﬁ&? 0% %ﬂglﬁn Ega% e:i&ca' d éiﬁln ca M?itiji{la%oﬁ &1 4 R3v@ont passing

1 ons, or e st ac
tion/ ) an
v LR THE 0 58, BB R e s
e AT L2 R T i35 YA g2

| ocati ons do not, cai C|de é bIe ns. "
gradippidy %i‘“icﬁ tfé“éé%e‘? ?FF@F‘E‘F ‘ﬁPﬁ’%"d‘ fig™ b% <“:‘é§ @@“‘é ?Jis‘*é (peration
def i nes ., via a user interface that is the s
S8 Eéﬁiﬁcﬁfﬁ%¢iﬁﬂt of e Spwcusarel e dnd Bre dolermBROWH Sph Hitgse peams, then
and descri bed above) a nunber of inmaging |ocations.
methib A€ prasdds tubmpeyation ¥24degatibasirbeivgr 48 PRAYIIRIGTPRY: operation 64 is
process, a user specifies a nunber of inmage vol unes
perfotiad bwbid crbesrentignatiobyotities hriove the saands, pr oipdlar ivemrightion
the i mage volunes (e.g., offset, offset-azinuth,
modiL36) shohs 1S hﬁ?ﬁtlzhrheieapmmeaﬁmtaed, the number of i mage
volunes is related to the nunber of inmaging |ocations,
and the properties of the image vol unes specified by
63 t ieefusiap batichatie. 8.he geigsdphidutaondiosf sehmid wagbagl interest 123
| ocati ons defined at operation 48 In one enbodi nent,
seriePPEhAkInNo 48 ohsSsPEEfiaiine dpdianN® dimdmrdstdykigrat inGiiG. 7 and
modul es that are the same as, or simlar to, migration

dcbgmglélbg%) 38 showy Ak g’cm%m@ﬁ%né‘(ﬁﬁ@ﬁi‘obﬁﬁj ABOYeh thé BRI shown in
is di'scussed further bel ow, method 46 operates to

FIG. ?ﬁ@? £ Eiﬁ%smﬂgg&s@{mﬂ t&eshézﬁli S8 Gor VA Ofhid IDFRT88 N city only,

or eac I magi ng l'ocatiohs defined at operation

and, &> sruchiﬁc Ld: !r@&a gk fn%to ﬁg%&lt'iwp&?ﬁnuﬂ%g g%@m‘h@ed a%usirsag% hed.

e processing node were generdting

dlmensu‘ma%%?nbuuon across surface 40, further include additional imaging locations 66 not

included in the one-dimensional array that is visible in FIG. &



for each of the imaging locations in an iterative
fashion (e.g., via operations 72. 74, 76, 80, 82, 84,
wW@2009834702, 94, and 96). However, it shoul d bRCT/US2009/036329
appreci ated fromthe foregoing description
of processi ng nodes 28, that in one enbodi nent, nethod
46 is perforned in coordination by a plurality of
processi ng nodes such that separate proceSS|ng nodes
{64} deVeemihnisigmicragesvf bringmindsewenforighelly gerprdied, seismic waves
| ocations defined at operation 48 in parallel wth the
propapther wphioclessilnge nbidesest Fbarrexdaphidacadtomd wdnersgomded by a series
Al processing nodes perform ng nmethod 46 i a
of deRORFHubRLE drmRBRETk, dantort hekievar e HIGI magl dgodiiedabiand) should
each processing node may performthe requisite

be nc@&ﬁﬁﬁtth@ﬁ%it%as BB @ekcdbra(i1@ By no1OREEBlel QRBIFDS thkdabld Gucations
0, . 84, 86, 88, 92, 94, and 96) to form an i nage

dchngé ntd};%a%@ﬁ L EmY@LY ﬂ@ &fﬁma AhetRatork@s. mIMOkidhewaves propagated

I maging locations. an operation 50, a series
B At o

voiuz‘p%?fa Pkﬁg ?1% %ﬁ mgggz%;}ggt hr(()) %’?Eﬁ%#%@ Eﬁp%r?e ée?éc?%} b‘éf tH? %ﬁ%{%org,: pess,ssing
ef i.ned to a.series o o nt nmed at

ihrouéi}: BHBEET ﬁ.{:éﬁié)gs Q%]t}% Wﬁl véayﬁg} xag‘fﬁﬁﬁi Oﬂ’ﬁ Yvﬁ\]/,c ré)ms “an B decomposed as
di.mensi onal . nesh defined with F the seism.c v me og

a sot PhE@pEdt & - PR ERAHre, O8RS pags tPIOUER OF HRREN R g?f*“%%g 4 and up to
defined within seismc volunme of interest %% Althoug

surfapd erBYsey A P 00§ BWIBEITEdPERPEs Yol DR BIRbSROERERPI g to 8
provided in FIG 8 nmesh 52 is illustrated as being

givert wwo-ad imerisg Bealionsiop (dhewtd! b laphreergicedoehyt! mﬁiv@c g or more
for sinplicity only, and that nesh 52 includes a third

beanchavensen n! per gendi butray thet twhiitplednevaytirtiiethpoyydyeday the given
can be seen in FIG 8, a series of primary |ocations

imaght ladsgiod 66d wade Ak selesht qroi wis bthgbbooedr Swilt triams me wclude one
52 at predetermned intervals, (58) FIG 8 further

or bl lbUSht aflesasdus BRS. BMusdesposed ton cgeopraphi wavefrofadet passed
40 of seismic volunme of interest 12. Wen the seismc

vuu%ﬁtt}@e DG AP ALBsH Was, PR Bl ek 2 SQURREInEdo@anesai ed
wavefront's wwthin seismc volune of interest 12 that
can be deconposed as a plurality of beanms 56. As has

(65) DeRF:Qing P4SSQE18DOVL an BpSAUCR FeamdelY, @ bbfidtable is requested for
~corresponds to t he Ioca¥|on at which source 14 is

ong ag%é ol g&gqo&%s& defBRYLGR L PEANE Ocﬂd%flad Soekhifen 78) th@"?ﬁqfﬂesmd beam

ronts are generated includes one or nore
el %&2@?@1@3&% ORI ERR L el B e
h th
the \i}?{, dﬁ Hg? g]é ﬁlé‘gsl“fité()ﬂ:ﬁqi%%é? e n (‘,es (i%:pc\r/ 1ﬁ;gm§ 18 ngp rfoﬁ%&&f ﬁ }Jh?é': or more
tratum\Mthln ntere

tabl egsé% Sgl%c srz?gv A arr&épﬁx? eLs é«&%i gmayi %% r?f’% afﬁ"ci‘f 3}&& gﬁm‘m inF1G. 2

reflected as the travel t hr ei sm .
and deseribed above. In »emg instances, the tab?c n%du%e may O&am the geeam table from a

stored set of bean tables, as was discussed above. In some instances, the table module may
obtain the requested beam table by computing the beam table, as was discussed above.



of interest 12, simlar to the refraction and/or
reflection of light rays as they pass through optica
wore@va20a7é¢ h different indices of refraction. TPEI/b82NY/036329
paranmeters recorded in the source beamtable will take
into account the beam paths of beans 56 as they
propagate through seismc volune of interest 12
Al t hough beans 56 are shown in FIG 8 as straight
(56} | i el bedi mentgmpd pebipusiprbaainl teidty etttdivel puthp obésmoedule at operation
During the mgration/imging processes that are
72 willesgicaibegrirer@ing o tdheslecdiearsfimdart tpeaied TasndGha deiramble
beans (although sone bases set other than Gaussi an
requiRRABH 1eOoH | gtatRh SR Re: d1SpshionSIMRiIDiorkesE 156 Branel brgion

fromsource 14 will pass through or near a given one
defin®d alldpera6lefd kpeds @;Edh”ﬁ‘i% fh%@cﬁ&}h‘?ﬁ%«i?xﬁé probBRILIR AT a Eather
identified in FIG the reference numeral 56a.

mig,rz&%wzhg% Tprar 5{%'(996‘% iﬁﬁgné I”@t& z&%sd% ﬁ&rcgﬁﬁgﬁc&r\x AL fufie

Iven oCGati o make a significant

tri o
iouméms %pe%{ gﬁa",’r@y&x ggca %zﬂh%éé‘%ﬁ%@?@ﬁg?iﬁ%%q%& tE lﬂ%l a&a ging
Boea%n sﬁfé:ﬁffpd%ggigetm%ihes Op%%&?tg{](i[) 39&4@10 he% rgtéia i.hgt errggends to the

, i on 58 i ¢ch.the, beams erm _ fro
ideni 5 BRe e §s S it B TP g BB T “é‘ﬂ@?‘id bﬁﬁ%‘%ﬁ‘;&) ¢to

to a wavefront that passes thro g}h gi ven one of th
accolpy forahs pesyiongs SHEBEOT e HTTACE BHE PR Bie OdioRh It etsveen the
these beans are identified by analyzing a source beam
requasBlisaginatocedrr apbonigenttipdipide [<58ti on of the source
during the generation of the seismc waves by the
source. For exanple, the source beamtabl e may be
(67) obhiaormedrabgn dheho peamieblerlisined hb BRATEET Has %ﬁé@ Hlenify beams that
simlar to table nodules 38, shown in FIG 2 and ]
contritesairsi dretksatip wewa BEohtsitep essstbthraighlagvargne e the guirgey locations
beamtable to identify beans that nmake a significant
and tBomtagiduitionn timt acwapeids onthetohtingddsse saihieoudivams 68a in FIG. 8,
given location within a seismc volune ofinterest are
passidh 86baged nedhe gixanphi@aryiitcaRoe st ackihGghiss irangibelmation 66a). In
depth mgration, N. Ross Hll. Geophysics vol. 66, No

somednstatilel 1RGNS Hhe 280QE P9 Ss ankBAB d2BDaubitahiidily)he otk technique as
Gaussi an beam mi grati on of conmon-shot records, Sanuel

was 1'3'1'87 c%é@(ed t@%ﬁ?ﬁbé’%g §m¥&| bcagiofab DNt orfbral b B8 AUOMEL credQBment,

71" Gray ) both of which are incorporated

eperﬁﬁg‘aeﬁi% %&f%@?& [)\/ G Ir r@&ﬂc?’rﬁ éﬂuf? ﬁgd%@&q{ ﬁgme’same as, or simlar o,

perati IS’ per orned or t given primary

ocat r.e rati dul es that are the
migrgtgar?em(a ul wor Sgi}%ﬁ ‘HE 4ang]d9>,c %) Qgrg:m%dul es 36 ShOWn I n

FIG 2 and descri bed above

(68) At an operation 76, a determination is made as to whether operation 74 has been
performed, for the bearn table obtained at operation 72, with respect {o each of the primary
focations. In one embodiment, operation 76 is performed by one or more migration modules that
are the same as, or similar to, migration modules 36 shown in FIG. 2 and described above. Ifthe

determination is made at operation 76 that operation 74 has not been performed, for the beam
29



(60) At an operation 60, a determnation is nade as to
whet her operation 58 has been perforned for each of
w0 b@dzfsrcred primary | ocations. In one enbodi nREIE/US2009/036329

operation 60 is performed by one or nore mgration
nodul es that are the sane as, or simlar to, mgration
nodul es 36 shown in FIG 2 and descri bed above. If it
is determ ned at operation 60 that operation 58 has

table pbtairled enopentioariipdith ospeatheaoh of the pdafainnledatipnb.rthgnymethod 46
| ocation, then method 46 returns to operation 58, and

retun@e baka i BB ahs opestionr tad pérdormad diof febent tybld ehasiyed at operation
| ocation. If it is determ ned at operation 60 that

72, wORGERLLAR 2 AT A8 phern, pBesfar mede Baemdashndf maleat operation 76 that
defined primary locations, then nethod 46 passes to an

operdRE 7 OPeB 2o kiBliled 08 1RfhehRQa NS BRLPRY ANRkeKiSH TEOCK IR ct to

in the source beamtabl e includes source travel tinme.
: WCOIELANE thdd MBROT 1@ QLUER (PeAMetSioh R, time it
Gad}ggﬁ‘g?gg% itu Egef[@}\éil \;&eiéri %%arr%t%pltg’r ei"veli fro%f% tgﬁé source to

sone |location within the seism c volune of interest.

SiRUC » 2 hd AR pdddiBeinduddl e e BeAM A kA

L ﬁgg{iﬁ%é%t?%r&%é’%gﬁ%gé%ﬁaﬁd? M(é%&gg; rifrllaki ng 1a gi gni fi cant{“

ont.r. 1 but.j ¢ ). .Qne. 0 ) . ; .
o SRPYEAI SPob R85 CheFREF AURASRLSLS, bl RSB o i

respect. . to each

ifferent with f i o
o SLLE G RSN 2 PR P R g o

. _between the source and the variou mary locations ,

giver) R REGHCT i RASBE UATTY PO D PA <y LAY WS Jispf ks for the
operation 62, the gradient of the source travel .tinme .

beamgip (e (008 TS @AREREIEITHE (HOPEHE 'SaPe St (e seismic Yolume of

~ plurality of primary |ocations (identified at L

interggp efasichnths Golggonkpat epef ngivan thet FHYCL B SWATER g sa imaging
gi ven beam nade a significant contribution) is

locatghetvelf i nigifkredidoohiBerenbwds e priower lagdtions gt thg beam passes through
performed by one or nore migration nodules that are.

or nebhi@. gs,aive t@gath Gmgi fint thagiveo bewrh §eatekoihepbdalimsgi8s lshiowmand the
in FIG 2 and descri bed above. (62) At an operation

vario@4 prigagebenivhatat operason®d ereagadian wh gichietectohea gl ddicexit given
of the source travel tine has been determ ned for each

bearDhat RBPRBRSIHERESSERIB Ve RohiNBa SAUES BirRaNkd Bhhey idWtions to
were identified at operation 58 as having nmade a

the sfARIF HEARLSON ik DUE inQRest Q. & NAYQEIFeN I RARRIAYL) is determined.
t hrough one or nore of the primary locations. |If the

The ShAd! Oferd DR L30UNES: & La%Rhinkd BRANAS (At BEERA the detector trave]

The %rg@gf%?%he@dj f’?%’lraﬁé%cﬁ tg]% it" ﬁgtse 1Fgekarrvs;e ‘t hen rxr%? hod n4Ge pector rave

. ret.ur Q e ' ) ] ' .of. ! .

el SRR OORET Bt 2 O4pc OB LBl USR8 72

i onk SRS E B RT3 ke RA) Sl Qhad B s e

samet ag,egresinbti aa}r{g,’ mitgpa%%n modules 36 shown in FIG. 2 and deseribed above,

{70} At an operation 82 a determination is made as to whether the gradient of the detector
travel time has been determined for cach of the beams identified al operation 74 has having made

a significant contribution to a wavefront passing through one or more of the primary locations.
38



nmet hod 46 proceeds to an operation 92 (described
bel ow). I n one enbodi nent, operation 6 is perforned by
W@a@0204M®r e i grati on nodul es that are the saPEI/HS2009036329

simlar to. mgration nodules 36 shown in FICs. 2 and
descri bed above. (63) Referring back to FIG 8, at
geographic surface 40 of seismc volune of interest 12
a series of imaging |ocations 66 (defined at operation

If the4Badddént mé tha aldicd®y trstrbiimeibns FitGeeydeserchivkaisior ¢doh ¢! Higen/lepms, then
are depicted. As has been nentioned previously,

methad 4deughs tohecitionis bodute igradinGof B¢ dstedod woretliinre iisietmained for
el evation, it should be appreciated that this is for

anothS Bkl Gt YaapbiificdBtepcaRiog AN If thb Gets@tih@Hnal miadBgiopgration 82
| ocati ons 66 woul d be distributed according to a

that tﬁé"@g&@ﬁ%‘f'ﬂ%@me@dr%&iw Bid PR HAGT Q8E W BLSICH O bW HARE, then
i ncl ude additional inmaging |locations 66 not included

mﬁth%&%tﬁ Fr;?m%g 154 IBARL 9Pk, A @YoddBlng heMkish BE & feProh&d by one or

Wien t'he sei'smic data now being mgrated were
LGN : k% in FIG.
more Gl 87 ORL B PE8T SBYS FLBBRERLA, W 4 n
.recorded by a series of detectors such as, for
meggﬁﬁﬁﬁg 8%F“é?tectors 16 shown in FIG 1 and descri bed
above it shoul d be noted that the positions of the

{71 | d%eclteé}ﬁxgna%]sg ﬁg‘i&gc %nfmgg%i%x% 1R :?z%e? I?Q% TR \f'c tg]‘gnatrgpdcgtmn In one

1on

| ocat,ions, 66. t he se ro
emqu%w%w@ﬁ% ek D B REaPEe 3! “@8%* B AR Sterasions s
ronts were reflected within seismc.vol
and 74n’lf* é?@&*?utm AR oAt s o es T HeR Y #‘&3‘5%“ to determine
detected by the detectors, passi t hrough primry
the ihagsdeiogngiony lpant Hepadingyt. ‘?i@i’%@r‘fsgé%?%@m% glﬁ one Or more migration
wavefronts can be deconposed as a set of beans {
modiGeub e santhb esns §s, 68sitrhlat toprsgsatidrovdtiesci® shewp pl <n&rwd described
| ocations 54 and up to surface 40 to arrive at or near
abovane of imaging |ocations 66. A beamtable
corresponding to a given one of imaging |ocations 66
(illustrated in FIG 8 as |ocation 66a) wll include
(72} onigy ery nhitlestbsiamop treaweteinstiaf medest@peaoreddh dins? pleatdes an
contribute to wavefronts that arrived at the given
elevatidRGlcngflsoemtd wruBbal whidse 12 hievilaeiosht enakhbernwe FEG. [BeiMgre
obt ai ned. Such beans will include one or nore beans
partiddldr U1 at @dstafeshl frendyeRSarb @R0B0:08R) a tdat heont 7d (tilseged as
to wavefronts that passed through the given primary

bcazﬂsa@)gt%g Mk @@Pﬂa@o&tr}{‘%@dfﬁ giﬁfﬁ%ﬁﬁ\? N el BB G ad BGats IR emanated
(65) Referring back to FIG 1, at an operation 70

from ngﬂg tho ?Fjdo %@m@n&%g{f} 1%%@ é:ﬁ I ﬁna? e Q}Hﬁ%}eﬂaf £ a%@?oﬁfcaﬁa@ 1

magi ng catlons operatlon 48, and at an

Elia?lgt%d at be:arr,lns 6%& d&g %ggﬁﬁé{ %3&99&1@@ Hne or more wavetronts that passed

through the given primary location 54a and continued up to surface 40 of seismic volume of
interest 12 at or near a given imaging location 66s. Fach possible pairing between one of beams
56 and beams 68 is referred to as a single “arrival pair” for the given primary location 54a (e.g.,

beams 56a and 68a, beams 56a and 68b, beams 36b and 683, erc.). As should be appreciated, the
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table is obtained In one enbodi nent, operation 70 is
perfornmed by one nore mgration nodul es the sane as,
wW@eoosiizidr@r to, mgration nodul es 36, and operBC€T/0820§%036329

is perforned by one or nore table nodul es the sane as,

or simlar to, table nodules 38, both of which are

shown in FIG 2 and described above. In sone

i nstances, the table nodule may obtain the beamtabl e
numtfer ofravsitpeire tr siet giofs fraaary tablies §dads twasmdeseiusgead 56 that

above. In sonme instances, the table nodul e may obtain
contrithedrsegifstgy ideanr tabt eabyrooonithagatedh Gobeanct abked passed

as was di scussed above. 2S(66) As has been nentioned
throuBh €3 QUS] fimdee &t @bl Rsmahipidisdhbyumbe of abines d8otled eentributed to

at operation 72 will typically correspond to a table

one dr AAL LWORMARE iNAGaakd AREEA thO Bivé pridBe Ibheioh eamutdaddngnued up to
requested by the mgration nodule at operation 70 wl |

surfalREd SSRANGE: 1QuAR of RYLNY, LOSALd BReA8hibdash 864 QREIAEEON Fach
48. As such, 1f the mgration/imagi ng process being
arriv% ﬁﬁﬁ* urad éri]xsen%r%tr{] floatBeO QL0 Qédt%&i%}giiﬁé B5E8 Getk fnifled by adding
e i maging | th the

ocations are not col ncident w
table | ocati ation. 72 Wikl ] o
o B0 A O S PR RL BN APASE oppet imee
o ) RS0 IR LGSl G

identified table | qgcation, ang shifti.ng the. e
oF MYTRPERRBEAD PR PEEST R 4o %ﬁn@*%d%ﬁgiaﬁ%wﬁg%“? Spieirpigped for given
account for the positional difference on the surface_
primegy lpgaaons &ias P WOINie tot crnbeuiimedtdiedn ¢ pgration 88 of method
requested imagi ng | ocation and the identified table

46 in| IEat ) tonetepeing it ingae beratipo for EVen e abe Beftiogbida from the beam
obtained at operation 72 is used to identify beans

parashidteds of bedras T bBhindiog Hiefarteh phiye it desnabet ndhitls " Arhaeck Gaussian-
passed through a given one of the primary |ocations

beanadiit Miggrivvag] Qepphodat veinoé,vat. 4corsr esPeiidsulyordgdueet 2001); and Gray,
obt ai ned beamtable (e.g., beans 68a in FIG 8,

“GonR@as bAGn bEOUGhe QbrARalshbhe @y e epslivars ool 0¢aKD O ph4 S71-7
and the given imaging |ocation 66a). In sone

(uhlAshanggrs;, the obtained beamtable is analyzed using
substantially the sane technique as was inplenented to
anal yze the source beamtable at operation 58. n one

73) €MRQARNL FIQPE bkt Ofkrohtbni g8, PEEEOIABRDAIY mONEsAl WIRIEr image
mgration nmodules that are the sane as, or simlar to,

infc&%ﬂfn@ﬁés%& MRAMER-36: shawn Me;brﬂa%' 1Ra@E, BeaREE RESmation has not
above. (6§) At an operation 76, a determnation is

\ ) -0 wheth erati.on. 7 > Q Cam R4

bceﬁ;ﬁgg?rpﬁ%d %)Oce}a\‘fﬁ' %fgﬁ% ngrggzg%dagﬂns fheg %ﬂ%% 1§§a?§5\%& {fﬂﬁ&ation 84, and

i'ned at operation
imagre ?ﬁstgrengsgtiotn?s ge%grpnii?efd i%th $ aifetdTBONe of the primary locations. I image
information has been determined for each of the primary locations, the method 46 roplements
the determined image information in an operation 88, which is discussed further below. In one
embadiment, operation 86 is performed by one or more migration modules that are the same as,

or similar to, migration modules 36 shown in FIG, 2 and described above.
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| ocations n one enbodi nent, operation 76 is perforned
by one or nore migration nodules that are the sane as,
w@eoogiipidr@r to, mgration nodul es 36 shown in FCTASR09/036329
and described above. If the determnation is nmade at
operation 76 that operation 74 has not been perforned,
for the beantable obtained at operation 72. with
respect to each of the primary |ocations, then method
(74} A6hirestopemson B9, operic dfoncondary dpngtioper diin G1e spigmigvolume of interest
performed, for the beamtabie obtained at operation
are defied Wiak Rvals @ispmed wito tte polinfdre loemit onp e fsadyat bpati<droid); id gne
the determination is nade at operation 76 that
embodpefatthoecidddmabclitrr spalcfinsd®ece dgosdiie treamiablieme of interest
obt ai ned at operation 72, with respect to each of the
at a sBhidsTEsh 96t fOMSed & PedcoBhihadindbvids BELesiSurhO s dimensional
operation 80 (69) Since, in one enbodi nent, the beam

meshPAARRELHS has e adils e sheaihi@bLRsndhalocs@ik @5PRehan the
to the imaging locations, the beamtabl es obtai ned at

meshaR$ rd%mz&q}le] osiiek Ugfﬁe ?rigs%},%&ﬁ[{mg E@¥%8hat il Re it 1b@Hrions are
to the source trave I me “di scussed above). The
pasit?;etfgilcnnegitnftgegaﬁv gtlétv}eérg%w %Ei{)ﬂ%f’}?é}}&%ﬁﬁgeg%@ﬁ%ﬁﬁﬂﬁ%ﬂ}nr };}HEG' 9 shows a

ocation a ocation 1s t

Jhat. it takes f.or the heamto tra r.om.t he, primar _
plure P ORIES RCOTHUGFRO TOEAE) HROUTHIH T RAC ufiLFR S defining
vol une of interest. As such, the detector travel tine
the pitiope s PEReBEEMAIORARt “arri ves at or near a givers
imaging location will be different for different ones

of .the primary logations.that .the beam passes thr.ough .
759 orRafBEnE pago FItiod & B Lol O SRaS By betpetermined
bet ween the given imaging |ocation and {?he vari ous
at opptipRirGy 40 HEPIoRETCe UAYSl 4i5eE AT BHCBY, TP REN P HisRiE Ve are
the detector travel me of a given beamthat ) i
implegoentyd thdeesnise gne o1 Baisttiegmperaoiiay of teawe Uish gintplareply wavetionts
through the primary |ocations to the surface of the )
that seingwi drovothanesoic waveerest. ppesed throed 4 glept dnkjod ¢hej sgeondary points
operation 74) is determ ned. The gradient of the
defindé tiegleottionh BAved! attive af sr whet SenibrEty basee thetcolrespsndd g the beam
part, on the detector travel tinmes of the beans
table@@liacad: bpRmidalre. bidase Baahi eranegire stxe thanid, fobtainmed saburce
operations 70 and 72. n one enbodi nent, operation 80 i

incidP@rh QLB ehul: (RRE! @hc, Mt dball ialk, Aegubesintiial sagle, and/or other
the sane as, or simlar to, mgration nodul es 36 shown

bearrd Purkth&ers2 BNEindRCEI PR 18D G- prdAd Qits AlerBlinRNBF Ak kO Ssd
a életerm nation is made as to whether the gradient of

ek el k. 1 . e A : ¢ .S . ;
s HEHBEL% SLB4Ehy TP 105 OEM, HEAAL AR L oBRR
o ) S R o B g e
o e S BB T SRRl 5o 4
retyrns to operation 80 and. the gradi ent dpf the .

redugjag %zgtag}cufiq, vErage aﬁgmir gmags‘lsgalgﬁ?srs?gg% fpauiredio determined the beamn

parameters for the given secondary location. Further, the ruplementations of the travel time

gradients to determine the beam parameters tends to alleviate artifacts in images produced by
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anot her beamthat was identified at operation 74. I|f
the determ nation is nade at operation 82 that the
w@e@diiznare of the detector travel tinme has beenPCT/US2009/036329
determ ned for each of these beans, then nethod 46
proceeds to operation 92 In one enbodi nent, operation
82 is perfornmed by one or nore mgration nodul es that
are the sane as, or simlar to, mgration nodul es 36
methshdwmitiodudeli Gy daaeanmimtémmlpbwwaﬁtsmﬁerw(niii)} ipgatigne through
operation 84 inmage information is determned for a
conv@itivesl ippipoheiyn kobatjian It onomebaelivbadi epertion P ey mrfooneBdy ooe or
i mpl enents beam paraneters for the beans identified at
more QHefEhe aRFudStange Bk asceont kinkiisk kh) gipativarelrient&shown in FIG.
t hat pass through the givers primary |ocation to
2 anddRL 81T BBoJehe 1 mage infornmation In one enbodi ment,
operation 84 is perfornmed by one or nore n1grat|on
nodul es that are the sane as, or simlar to migration

(76) gDIQELHn%m%§0§ DO b dinkdr@atidn @%teﬁiﬁﬁa@d& khert gbavecodddd) location.
y Wa

of illustration of the determ nati on nade at

Morc &4 ﬂ&dl@nﬁé beasft bﬁa&»ﬁ:‘i’%’%&ﬁﬁm@% %c@é’tﬂiﬂ' DO¥oMine Wehs that
ismc volume of interest 12 simlar to the one shown

contr} hri],;tela:il t&sngom&% &9&@% bfﬁy hg,{ é)%se:dl:thx@ugﬁ %He glle‘é%ts[@;n@%y Qocation and

I mary | ocati on a, a set beans

arriv %’oﬁ%tﬁ?ﬁs&gﬁ%ﬁ%%wﬁm g%[mbr?e ;?/dr%d‘? %’1’ n&e g[‘a% 5&%?6) obwa@gd at Qgs:iatmn 72 are

ST gni or nore wavefr
] d.th
used bq %ﬁéﬁgg%ntﬁgFi}agediaﬁ'rp%tﬁméﬁra&m §H« n sp ?a%\ééoc%{m u%n é?% gmbodamcm

(|IIustrated s bea nd 68b t hat, contrj bute
the it OOIHGHE DATEITIL LT A PSRRI B L HER GPYGHOT 92 n
primary | ocation 54a_and_continued up to surface 40 of
suhstgfetiﬁéimt%e SPFIeUTRRNST asi IRfoaREian 1 getgpiged ???éﬁ‘re PEITY, Bgations ai operation
i magi ng i ocati on 66a Each possible pairing between one
88 (aofisbearrbatbeeiard offesmeoddBeitsonesfion Péds puioaged by pigranore
"arrival pair" for the given primary |ocation 54a
migrfi@nguodubsas «56he sk S8, sibdarts. BEtmnd®Bles Sbehemn BEHG. 2 and
and 68a, etc.). As should be appreciated, thenunber of
desciberliaabe. pairs for ihe given primary location 54a is
t he nunber of beans 56 that contributed significantly
to one or nore wavefronts that emanated from source 14
/77y angt passetich b6 aughntineligi emdprs mwariethocatgeonfobdation has been
mul tiplied by the nunber of beans 68 that contri buted
detert@ndNBr QIh BDHR svaMest AnkEctBTinpasisedratite dUgH g information has
given primary |l ocation 54a and continued up to surface

not HAh @ierSBASINbEedR LR ¢ @sfonlié}t»f 88 R bns] Aetod 9b VaBmk MRGeRgion 92 and
| ocation 66a (e.g., 2*3-6). Each arrival pair of the

opertﬁﬁ\ge €0 BEd SPLY r{?}'@@ %&e’d%ﬁ%?pe@ﬁ% 2AirObR seddn@¥®llodakibR. 1f image

I's determ ned by adding
information has been determined for each of the secondary locations, then method 46 proceeds to

the aforementioned operation 88, In one embodiment, operation 96 1s performed by one or more
migration modules that are the same as, or similar to, migration modules 36 shown in FIG. 2 and

described above.
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the source travel time of the beam 56 included in the
arrival pair to the detector travel tinme of the beam
wewnal4oedled in the arrival pair. Fromthe totBCT/US20B036329
times of the arrival pairs, and/or one or nore other
beam par aneters of beans 56 and 68 inmage information
is determned for given primary |ocation 54a One
techni que that can be inplenented (e.g., at operation
(78) 8uaperebnBYanBnign of th@ seifiit oridtet of i inrenest tsHernasdiyen the image
information for given primary |ocation 54a fromthe
inforlae@m asraiet er spodiiche adend®). Bs irand/hory tehrenaderbd/alliscrete output
pairs is described in HIl, "Prestack Gaussi anbeam
imagdl@RLRe NGt ecaDRIY 81%1@151,1'11%94 of tB6seidNaic vélunfegs interest. Inone
1240-50 (July- August 2001); and Ciay, " Gaussi an beam

rAldp@iof 5§ SO0k, HRGRMS: miBORIMEHES thiGks it
smb&ﬂ&grixp 4? gs%qggﬁr (fhly Augui?“?OOS) ?73) ® e e s,

or sir ?ata WL B G 0 L @s 3%’ ok B0 FRRSS Rld Q0884 aBove,
termation i s made as to whet her I mage information
has been determ ned for each of ihe primry [ocations.

(79} l fﬁ\t' aﬁ%%@ rakid 9% gﬁ&t&ﬁ%ﬂ&ﬂ% e %d@&% Seter i edehof b@aGHmed at

primary locations, then nethod 46 returns to

ﬁpeiageg%sgﬁgr egd?éli’ th@ﬂg gi @aﬂoﬂg QLATR fi érém@!%%%%é?@%&%& 46 is

erent one o e pri rrary IOI’]S

being&e—rﬁgpé IF 3{8 F%Wéeie RR% cs%,t%ée %@ S Xwg;rks rﬁ)in %?zh e? i il %Q&ermmaﬁmn may
o 5 T RS A SHIEL R, 18 20 Bt qaw it R

operation 86 is performed by one ar g

imagingdRREn ms‘tﬂﬂ%ﬁiﬁea%%e%?r?egia%l DIBFESSPETIPaET *‘% r @FC@W&F%}*‘CW
nodul es 36 shown in FIG 2 and descri bed above. (74) At

an imgge bisdrean fame ol ongrier FRE0TERCl BRCIYaRF 9P W it gAY e Wcations
within the seismc volunme of interest are defined. As

definodigt dphmtiondd Withhdadreriptiomay padegbaiandmeaulasinabbpe formed at
operation 50, in one enbodi nent, the secondary

operdtioe @R ifensclapiihd éhigiegliobgidae, thlﬂszpcﬁéeﬁ% retgrhetoggiesig 70, a beam
vol une of interest at a series of nmesh points forned

table@brrgpesthetod Miéfdrehnivepirgl iscdiyn & wpidbed mpdidpemdons 72, 74, 76, 80,
di mensi onal nesh. However, the nmesh that defines the

82, 8@0§6 B8.ansopfanb be; a&%ﬁeﬁﬂﬂ@é{yf@l aRabivonsgistibaan Wanftie
nesh that defines the positions of the prinmary

deterh@ERALE ANSa®Us BpdBadn Eﬁé"'iﬁdisﬁ(%{%ﬁg@ﬁa% He@f &lriOM 8t GMeBition 88 for each of
posi ti oned |ntern1ttent y between the primary

the Aﬁ%@%{&&ﬁm@%&@%eﬁ&d 13 H‘%%EJ Al 51‘%9@& K ﬁdn%nﬁ I'H%‘Qﬁa%c mi %rated {e.z.,

of secondary cations are dlspose

from %&E?i 5%0{ &q% %c‘?sng}i, Q’Sﬂ;fﬁogg?ulggiﬁ;? g%% t?% éxgx Q!}_ﬁeﬂg L I;t%%xr']fonbed e.g.,
n 92, .the.trav

accoréilu%l é}}ﬁl@dé@{) e&%%% aaz ata réthaing to be niig éﬁiedt, {hqg%ae%[b% ‘-‘btérb%d’@sds to

outputting of the images formed at operation 88 (for this and the other shots).

(80)  If the migration/imaging process is a stack migration/imaging process, and method 46

proceeds from operation 98 {e.g., because there is no further data to migrate), at an operation
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at operations 62 and 80 for source travel tinmes and
detector travel tinmes, respectively, are inplenented
W@ 200d@208réri ne one or nore beam paraneters of bRERES100#036329

contributed to wavefronts that emanated fromthe
sei sm c wave source, passed through a given one of the
secondary points defined at operation 89, and arrived
at or near the inmaging location that corresponds to

100, thhénieaferral lxeopbitani@drattadpdr Boiohe TRageThestackedkipio a single
paraneters may include, for exanple, a source incident

outpahgiee, tha ssokdceabe avetput e pedebtedddr travel tinme, a
detector incident angle, and/or other beam paraneters.
By using travel tinmes and their gradi ents detern ned

(81 f df thehe gmoun/beagmgpdetse &t aogesher opprats/DmdR, waress, methed 46
determ ne the required beam paraneters w thout

proce@GLRSS iopgralieadt pamaetton Vo, ueshkbrhonegal fooe®at operation 88 are
primary | ocations that are nearby to the gi ven

mdw%ﬁ%g@@&%ﬁéné&ﬁ@%ﬁ EQtsp@ichd RPSRR YAk MEkORER VR URSS that have
his will enhance t?e eff|C|ency of method 46 by

been '{'nf? Gle Qzﬁowtm&%&i@rﬁﬁ%r@&g% las BERELS SIRG image volumes.
ource ‘required to determ ned the beam paraneters
for t he gi ven secondary | ocation. Further, the
(82) ' r@?kﬁﬁ\%?m}étxhx@lﬁeﬁﬁastg&n Li&ameda itieRigsads ?ﬁbé‘fse.,t&‘ illustration based

dete ne the beam par anet ers tends to alleviate

o w%{ttig Ju@x%hﬁ% Laﬂblaﬁ?e%eté b E%Q%?Qra%éﬁgweéﬁe& Q&iﬁ@(ﬂ%@@t@ iP¥% 1o be

rmni arameters” at secondary | ocations
ti r \

e BT o&éra JRs ghEBRELE A EHEL LG  Bodified o the
disliieReGerSReRot ey S6Cenan 5 Hﬁ%e?é‘?fvaﬁam o Bl Buivatent

above. (76) At a eration 94, e, i,nformation
arren g AR KRS PO e S V8K o PP GLACIAGRE. RBRgamble. i i to be

specifically, the beam paraneters determ ned )
undersper dbdt e IEBCROPYETRiEn lé@ﬁiﬁipilaﬁélthaééﬁ i %E?t“é%%f"g ‘o Frmore

more wavefronts that passed through the given
featuge of petasybdddoanticom basrinidned wisk org ottHee |f%ig"ffh@f Y EHEF on

that corresponds to the beamtabl e obtained at
embagipesrdt i on 72 are used to determ ne the inmage

information for the given secondary |ocation. In one

enbodi ment, the image information is determ ned from

t he beam paraneters determ ned at operation 92 in

substantially the same manner as information is

determ ned for the primary | ocations at operation 88

(as di scussed above). In one enbodi nent, operation 94

is perforned by one or nore mgration nodules that are

the sane as, or simlar to, mgration nodul es 36 shown

in FfG 2 and descri bed above.



(77) At an operation 96 a determnation is nmade as to
whet her i mage i nformati on has been determ ned for each
w@towhzo43econdary | ocati ons defined at oper at i BCI/B2208$/036329
i mage information has not been determ ned for each of
the secondary | ocations, nmethod 46 returns to
operation 92 and operations 92 and 94 are perforned
with respect to a different secondary |location, if
{83} | nEige id ¢ifiorerad:i on has been determ ned for each of the
secondary | ocations, then nethod 46 proceeds to the
af orenenti oned operation 88 In one enbodi nent,
{84 oger at izome@6d oSpperstiop sEdniydaonticeretigr @myirigingt | on
nodul es that are the sane as, or simlar to, mgration
nodul es 36 shown in FIG 2 and(78) At operation 88 an
(83 i mage ofceivive: seiysai oredbameabdd theintoeregsnds 8 o toblmbebafivrom 2
the i mage i nformati on determ ned at operations 84 and
geogRfhic Thifse B0 p1vBYssiae nodnSiude padesingi sstmat dxtofth prigration, wherein
i mage volunme, or may be stacked with other inages of

a bealn16b18 &l SILEd O bITBY 19re bR HeS etk NofAe ot et daBB khat form seismic
operation 88 is perfornmed by one or nore mgration

waveBAULES it i AER tlNenis aBug@s, or simlar to mgration
nodul es §%, shown in FIG 2 and described above. (79)
At an operation 98 a determnation is nade as to

a6y Whet hetgan, infRAG, 4383 cRashLeh MBg: albiORM Akt 8&: bPEored beam
each of the inmaging |ocations defined at operation 48.
tables QGL&iTRL Q&%i‘gi%réd%agﬁ! e PEELALTRE OF%IO?@ LM @b Yol externally
processi ng nodes working 1 n parallel, this
frorm %}§g&%ggtggevg%y i ncl ude one or both of determ ning
‘ dt A& i mage has been forned at operation 88 for
the imaging | ocations previously assigned to a given
o, Processi.ng. nad 0. «det er . ni t k o i the
57 Pas bodt Fonea st qFifleghy o B0 ARoROe it
of .the imnging,locatjons defined at .gperation 48. I|f
mqm?ﬁé%aﬁ?&gﬁgﬁé #5§8F§mﬁﬁﬁégﬁwgﬁﬁéﬁnﬁﬁg e has not been
fornmed at operation 88 for each of the inmaging
8\Iocations, then method 46 returns to operation 70, a
/ beam t abl e corresponding to a different inmaging
| ocation is requested, and operations 72, 74, 76, 80,
8 84

69 S5 5 iR it B e FuRRd BT R et i e
de at o ation 98 that an imge has.been forned at .
set oL A PR B fs B U R RB P R TE  Ra BTIGUO fodfe processin

met hod 46 proceeds, |If there is additional data to be
node gfag naiiaier MY iation phibe arueret baRvebis oy thierreeisgig pode.
volume of interest), then that mgration is perforned
~(e.g., according to nmethod 46) |If no other data
9%} remains to be mgrated, then method 46 proceeds to
outputting of the imges formed at operation 88 (for

this and the other shots). . ‘ )
) B The method of ¢claim 2, wherein if the requested beam table is not included in the

{8

set of stored beam tables the method further comprises:

(92} storing the requested beam table, after computation by the processing node, with

the set of stored beam tables.
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(80) If the mgration/imging process is a stack
m gration/imgi ng process and net hod 46 proceeds from
wWop@raLi4oh 98 (e.g., because there is no furthPCT/ti81089/036329
to mgrate), at an operationl00, the imges fornmed at
operation 88 are stacked, Once the inages are stacked
into a single output inmage, the stacked Image is
out put at an operation 102. (81) If the
{93} mgration/inmging process is a gather
m gration/imging process, nmethod 46 proceeds from
operation 98 to an operation 104, at which the inmged
(94) f ok med Tt neperatiichnm 88wherein thelituied wetl dfpewo Mbiasae siprefin a
correspondi ng separate gather images from other shots
distribldiad mihamwe. been migrated (e.g., according to nethod
46), and are output as separate gather image vol unes.
(82) Although the invention has been described in
(95} detail for the purpose of illustration based on what
Is currently considered to be the nost practical and
preferred enbodi nents, it is to be understood that
(96 such déthaintetiia! daladhyl, fvbereivhit sipuxdpese baard tdthatard tered in a
invention is not limted to the disclosed enbodi nents,
centrilted s@gk Agthg@eNtrary, is intended to cover
nodi fi cati ons and equi val ent arrangenents that are
within the spirit and scope of the appended cl ai ns.
(97 For exanple, it is to be understood that the present
i nvention contenplates that, to the extent possible,
one or nore features of any enbodi nent can be conbi ned
(98 W4 h ONBic kel & cleatiun@srctf thapcakigmodaaid oenbroc83ing node
What is clained is: (84) 1. A nethod of processing
hat 18 BlosMsho 0t RisrlibBaARhRdneemR Si ng; (85) receiving a
request for a beamtable that corresponds to a table
| ocati on on a geographic surface froma processing
{gg)node that is processing seismc data for mgration,
wherein a beamtable is a record of one or nore beam
paraneters of one or nore beans that formseismc
c1ooey ef r offaSn@hdd M MBmat WhkrNORE piResstnaliloge sagdbol @Blurality of
(86) determ ning whether the requested beamtable is
pmcés@% H?&Q hedd a% p?@ées&xfzg shotiedicheamnot al@grwherein the
set of stored beam tables 1ncludes one or nore beam
tabl es stored externally fromthe processing node; and
”ﬁi;87) initiating transm ssion of the requested beam
" table to the processing node if the requested beam
table is included in the set of stored beamtabl es.

(1 02,,{ 88} The method of claim 1, wherein the one or more beam parameters comprise one

or more of a travel time, an amplitude, g phase, or an angle of incidence.
(i03)

(104, 5. A system configured to process seismic data, the system comprising:
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(89) 2. The nethod of claim1l " wherein if the
requested beamtable is not included in the set of
W@ @eaehibeam t abl es the nmet hod further conpri SBGI/US2009/036329
transmtting information to the processi ng node that
initiates conputation of the requested beamtabl e by
the processing node. (90) (91) 3. The nethod of claim
2, wherein If the requested beamtable is not included
(105)i n t heagbtralgf of poredinheadstcabligsed epromsheibofio dethdpr migration,
conprises: (92) storing the requested beamtabl e,
wherdd tadh pearpitatddorotapritdae processi ng node, with the set
of stored beamtables.(93) (94) 4. The nethod of claim
1, wherein the stored set of beamtables are stored in
fiogra di stri but eehigranmemnsdgl05)n (@63 16 deftheinmet hoakeaf tel @ismic
1, wherein the stored set of beamtables are stored in
olun KeRBith &ld Z06rBR0EAUR c AKEHENM he dcBefhni(x88) isthasekhe lamit ih@drt on one
of claim1, wherein the processing node is the only

or ma% 05858hRY NOGBcENAL béssn RERGBEEINRAIL 180N SRLEAE Letiddndon a
for the mgration. (100) 7. The nethod of claim1,

geugpr 8E SlPck BEaR g&@ﬁﬁ:&hﬂgﬁ@&qgte%@%ﬁ 818 Qt"cb@rcpcgﬂ&{n@ ok E¥reOfeam

processing no hat are processing the seismc data
parazqe%rg\ép &k.n;!r % ﬁgar?us tﬁa&%l)m ge]r% \&Si\zet}rnﬁg 5@% !}a%% Q}fe u%@hé'locatiom
: erein K%e one or nore beam paraneters conpris
one or nore of a travel time an anplitude, a phase, or
an angl e of incidence. (103) (104) 9. A system
configured to process seism c data the system
wconpr|3| 1 r.oces
{107 Jeonf | g ar %g {ngggfé ggneis ulf%agtl So%%mog 23 aia?ig? ?dlg‘h ﬁgarigi%gﬁ%n module; and
wher ei n each proceSS|ng node conprises: (106} a
m gration no ulexgo uf ed t
108 h Ser S OB ey T F eSS TR o PREGsR nodes o
mhereln t he determnjnation é&mbas ed.at d%astd“&@% ikeggwm

and

enablg smmunication belwaen the server an processing nodes, an
COMprises:
(108} a query module configured to receive a request from the table module of one of

the processing nodes for a beam table corresponding to a table location on the geographic surface
of the seismic volume of interest, and to determine whether the requested beam table is included
within a set of stored beam tables, wherein the table location on the geographic surface is
determined by the requesting table module based on the imaging location identified in a request

for a beam table from the migration module associated with the requesting table module; and

(110 a query results module configured to initiate access of the requested beam table
by the requesting table module if the requested beam table is included in the set of stored beam

tables,
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or nore beam tables, and wherein a beamtable
corresponds to an inmaging |location on a geographic
waepaze7of the seismc volune of interest andP@BHUS2009/036329
record of one or nore beam paraneters of one or nore
beanms that form seismc wavefrants arriving at the
i magi ng |l ocation; (107) a table nodule configured to
obtain beamtables for the migration nodule; and (108}
{?lijJa server that is operalively linked to each of the
plurality of processing nodes to enabl e conmunication
bet ween the server and the processing nodes, and
(112wHér ei Thelpster pfdring dhypriieses the(qro9)reaiyaedylenpiyther configured to
configured to receive a request fromthe table nodul e
initiagfcoamatadbn thide prpegsthag nodes tionbla ryelals balxeor more of the
corresponding to a table | ocation on the geographic
proceSHRE AGRs Ofthd RGuESIISIThS 10k WR OflidBd 8186 bst cAndrd®eam tables.
determ ne whether the requested beamtable is included
within a set of stored beamtables, wherein the table
(713 ocation on the geographic surface is determ ned by
the requesting table nodul e based on the imging
| ocation identified in a request for a beamtable from

(114t g m gmati sy Apdule 1 asseediatiedati hdtbecngiguastd-ags,
table nodule; and (UO a query results nodul e

trans&é?&%\lf QHEGT: Eoul &b&é@%ﬁm@@&s&smpindtah%nfq&w@m&a&mod in
I'e by the requesting table nodule if the fequested

. | din the set of stored beam
dam?ﬁﬁﬁ%&%@u.mh§l %%§g%% The system of claim 11l wherein
the query results nodule is further configured to
(zv@Inltlate conmput ati on of the requested beamtabl e by
the tabl e nodul es of one or nore of the processing

nodes if the requested beamtable is not included in

(1168 NG Setp SVTCt&Q Ledishe @.EE‘ Jihlig ?m., thikd ??ﬂ?d&il:g-@ the dnel (k}q"m}re of the
“syst em of aim 12, wherein the table nodul es enpl oy
pmwﬂx!w%g&gﬁgﬁﬁ %8 rl'x}gg&si}{g Fegﬁésxed &QM QL & FALLR ARAsl oﬁqthe processing
erlzaf and an ani sotropli c raytrace nmethod i n
he requested beamtable. (115) (116) 12
EKMe%H%““ dfeﬁg SRR TR eﬁepL the tabl e nodul es of
the one or nore of the processing nodes that conputes
ﬁjvthe requested beamtable is the table nodule of the
proceSS|ng

-~

(118 13,  The system of claim 12, further comprising a storage archive that stores the set of
stored beam tables, wherein the requested beam table is stored in the storage archive after being

computed by the table modules of one or more of the processing nodes.

(119}
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node that includes the requesting mgration nodul e.
(117) (118) 13 The systemof claim 12, further
W@vpne@icig a storage archive that stores the BEI/US$009/036329

stored beamtables, wherein the requested beamtable
is stored in the storage archive after being conputed
by the table nodul es of one or nore of the processing
nodes. (119)(120) 14. The systemof claim 11, wherein

(120% Nid. m gitatsy oo wbdialne 1 {.svifenrit Hermigomtibh gundeld is Burther configured to
determine a true anplitude of the seism c waves

determifd metadndlitada ddnie: wisnmowevasetfi@tctidrs: vid ¢ mort glectors within the
seism c volune. (121) IS. The systemof claim1l

seismAbegiainB, t he one or nore beam paraneters conprise one
or nore of a travel tinme, an anplitude, a phase, or an
angl e of incidence. 4 3

(121} 15.  The system of claim 11, wherein the one or smore beam parameters Compriss one

or more of a travel time, an amplitude, a phase, or an angle of incidence.
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