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1. Field of YPA¥PMention 5 [0001] This invention rel ates RESAHESOFPTSY t o
marine seismc surveys and nore particularly to a nethod and apparatus for
synt hesi zi ng and anal yzi ng the out put response of an air- gun array and for
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sei sm c sources, generally acoustl C transmtters, adapted to produce
pressure pul ses or shock waves under water, are 15 towed beneath the water
surface behind a marine vessel. The shock waves propagate into the
substrata beneath the sea whgy & ed back to the sea. Sensors
(usual I'y hydrophones) are used&gtc éﬁ [%fghﬁééurm ng shock waves and to
output signals indicative of the det ected wave. The signals are processed
to generaf.e USRdigbf tHAhGerlsh t 0 determ ne the geophysical structure of the
substrata. 20TOU0O3] Air guns or gas guns are frequently used as acoustic
transmtters. Usually, several air guns are placed in spaced relation to
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frequency % t|o an nglltude of the overall pressure pul se
produced BYF CP” 315?‘5571“01%‘“@ OPE[AET on of the char act eristics of the
pressure pul ses pr oduced by the individual air guns and the physical
arrari%em?]t of t he alnr 1S, air gun array and of each gun in that
array. 4 DEC—Z09 Ao PCT/ US03/ 07820 [ 0004] Usually, a

shi pboard central control I er control s the array, and the controller is
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substrata located below the sea bottom, seismic sources, generally acoustic
transmitters, adapted to produce pressure pulses or shock waves under water, are

15  towed beneath the water surface behind a marine vessel. The shock waves propagate
into the substrata beneath the sea where they are reflected back to the sea. Sensors
(usually hydrophones) are used to detect the returning shock waves and to output
signals indicative of the detected wave. The signals are processed to generate useful
data and to determine the geophysical structure of the substrata.

20  [0003] Air guns or gas guns are frequently used as acoustic transmitters. Usually,
several air guns are placed in spaced relation to each other in an array. One or more air
gun arrays are towed behind a marine vessel beneath the sea surface. During operation,
all air guns in an array are activated simultaneously to produce a desired overall
pressure pulse from that array. The pulse characteristics, such as the frequency, bubble

25  ratio and amplitude, of the overall pressure pulse produced by an air gun array is a
function of the characteristics of the pressure pulses produced by the individual air guns
and the physical arrangement of the air guns in that air gun array and of each gun in that
array.
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been-inproved over the years to help ensure sinultaneous activation (or
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acquisition vessel.” A telemetry cable that extends from the vessel to the source element

acts as a filter in the system and it limits the operator's ability to precisely control element

timing. Source elements that are not precisely timed will produce energy that interferes

and reduces the overall array output. Moreover, data signals returning from hydrophone

25  acoustic sensors will also suffer from the same imprecision.

[0007] System operators normally use assumptions about a source array signature
when processing seismic data signals to recover the true reflectivity of the subsurface by
suppressing distortions. The usual processing methods use deconvolution techniques,
which are adversely affected when initial assumptions are inaccurate. Therefore, as an

30 array output degrades due to timing or element errors, the initial assumptions become
less accurate and thus reduce the reliability of the processed data signais.

[0008] Another problem with the typical prior art system is that element failure often
reduces operational effectiveness. A failed source in an array adversely affects initial
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ntroI tho h _array synthes
oni tor | ndCTE eBRY by TRt he R el Wit srecliigiche o™ sret hod
of testingeraovedetarsante source during a seismic survey operation conprises
creating a baseline signature of the acoustic source, 30 creating a second
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bei ng used at | eas in determ course
20 failures. Current selsmlc survey systems do not provide a graphlcal user interface

having real-time status reporting, quality control reporting, or troubleshooting tips for use
during the survey.

Summary of the Invention

25 [0012] The present invention addresses the above-identified drawbacks by providing a
seismic data acquisition system having improved graphical user interface, prediction

control through array. synthesis, and real-time source monitoring and correction.

[0013] In one aspect of the invention a method of testing an acoustic source during a
seismic survey operation comprises creating a baseline signature of the acoustic source,
30 creating a second signature from the acoustic source during the seismic survey
operation, and comparing the second signature to the baseline signature, the

comparison being used at least in part in determining a course of action.
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represents one of a neasured near-field air gun output or a synthesized
far-field array output based on predeterm ned initial paranetiey SECVHIgH the
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acoustic source during the seismc 30 survey. The apparatus includes a
menory dpoiBEY étoanadtien raspert af iees pleserg isventian isr 2 matieqal efSiestingt anvecaktit he fir st

sens%i 0%51.9&; dur"FH&da @eig&ﬁcﬁﬁ\%y co%ﬁ“bié}gthieE\ZBé lécﬁrgtofgﬁfield signature using

predetermined initial parameters such as depth, pressure temperature, and timing

expected during the survey. Then the method includes activating the acoustic source to

conduct the seismic survey, synthesizing a second far-field signature using survey

derived parameters, comparing the second far-field signature to the first far-field

25 signature, and determining a survey course of action based at least in part on the
comparison. '

[0017] Another aspect of the present invention is an apparatus for testing an acoustic
source during a seismic survey operation, comprising a sensor to sense a first output of
the acoustic source and a second output of the acoustic source during the seismic
30 survey. The apparatus includes a memory device for storing a baseline signature
representative of the first sensed output, and a processor executing instructions
according to one or more programs stored in the memory device for comparing a second

signature representative of the second sensed output to the baseline signature, the
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transferring real-time survey information to the computer, and a plurality of modules in

the computer for comparing survey derived parameters relating to an acoustic source
signature to predetermined parameters relating to the acoustic source, wherein the
comparison is reported to a user on the display during the seismic survey, the

25  comparison being used at least in part in determining a course of action.

[0021] In another aspect a baseline signature represents one of bubble period, bubble
amplitude and frequency and a real-time comparison is made based on real-time
measurements,

[0022] The baseline signature can be a measured near-field air gun output or a
30 synthesized far-field array output based on predetermined initial parameters. When the
baseline signature represents a near-field output, the second signature preferably

represents a near-field output. When the baseline signature is a synthesized far-field
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Figures 1A and 1B show a mari ne seismc data acquisition system according
to the 15 present invention; Figure ICis a system bl ock diagramthat

represents the system of Elg es |A and 1B Fi gure 1 D shows a conputer
system used for the GU oPFFIEHRESHIPUGR©T RS BFAWIBES Figure 2 is a bl ock
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e o024 ra TP EEes ot P SR i il 6 NAom O festh B EEPERT ¢ he
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met hod g‘(’:h(': r%ﬁn%agrr}?%%%ﬁg °§%r8%t8rﬁ3 g{ef f?vsé'ﬁ’f"'i’rc?r?ftsﬁd#? Y% 6 is an acoustic
source far-field signature (FFS) shown in the tinme domain; Figure 7 is an

acoustic source far-field signature (FFS) shown in the frequency donai n;
and 6

Figures 1A and 1B show a marine seismic data acquisition system according to the

15  present invention;

Figure 1C is a system block diagram that represents the system of Figures 1A and 1B;
Figure 1D shows a computer system used for the GUI of the present invention;

Figure 2 is a block diagram of an embodiment of the remote control modute of the

present invention;

20  Figure 3 is a block diagram to show in greater detail the in-water components used in
the system of Figure 1,

Figure 4 is a plot of a typical air gun response;

Figures 5A and 5B show a flow diagram of a method according to the present
invention;

25  Figure 6 is an acoustic source far-field signature (FFS) shown in the time domain;

Figure 7 is an acoustic source far-field signature (FFS) shown in the frequency domain;
and
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collectively as,a DII 0027] The central controller

i ncl udes 'E°¥‘é?r§f1y”tﬂ9n ‘f‘"T(bng‘f éﬂ‘ésrcélP%J l?tegmaﬁqgab}yd:,ontrglg SRPIMTHAEIG ne el enent
Si gnat ur g nat cquired dyring the seismc survey. For

t he purpo@gg&c}fce ?tﬁ‘?‘@ in%gwiei g gPr&F&PE‘Pr'%ES %g?réh‘éq’mi’%f‘@aﬁcf:‘yé'”énergy 25
assoclsat ed thet;hemt alvén@mn Shcbwtareofwdl\lsﬁki%ta’maw Heicalbiltte athe shinghal can
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pr esent ﬁ%@nﬂ”ﬂ% 'né q%ﬁc[fr 85’5’@' %&W OBF 1 "6W° BRAYE#4 {15 ¥TBWFEYSEt em and
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arr ayy@f ﬁb?ﬁlr@ {PAHIBGERS - forl BBq kY BhedbGreC ARorRBtich. "efe bibGthdarkd PRALYEE or the

signature can
transducers being shown collectively as a DT/PT module 120.

[0027] The central controller 14 includes a memory unit (not separately shown) for
storing baseline element signatures as well as signatures acquired during the seismic
survey. For the purposes of this invention a signature is a signal indicative energy
25  associated with an air gun 'output or with an array output. The signal can be measured
or synthesized. A graphical user interface according to the present invention is included
for allowing an operator to view system and element status and for commanding the
system from the vessel. As used herein, an element signature means information
representative of a source element response characteristic. The signature can be a
30 single source signature or the signature can be a combination of signatures from an

array of single sources. The signature can be a near-field signature or the signature can



1 4 DEC 2006 WD 03/079049 PCTI US03/07820 be a far-field signature.
Furthernore, the signature can be neasured, conputed or synthesized using
met hods according to the present invention. [0028] Figure 1C1iz D&Cs3088 em

bl ock di agygm i@l represents the system 10 of Figures 1 B The
system i ncl udes out-of-water (or shipboard) conponents a#@@%\%ﬁm?%- 5

wat er ¢ onfen{.ei Shi@board conponents include a graphical user interface
(GUI) cotipdt BFeibsiagatire, Susmampphe siapaturerisan ibsemessuress compmietistti pboar d

conponendysthesized fisiig Miethotis atdording e Rebrestdiiahlioe of a requirement that any
particul ar conmponent be on a ship. For exanple, one aspect of the present

| nvent i de028icFigatesi Gaisne bysmers bideklidgpan thad preddr@ 81 dySteR PGB gllaka 10 a
renot e l‘PI%%Hi qgmgﬁgh)(ﬁss Ln,a Isang_-{?asted office to be'viewed 10°0on a GUI
noni té o;_.w gl g mrf gsf)mynqtﬁftlﬁ Bﬂ‘@? @‘r@b?*zpbo?‘;fiﬁ")(ﬂﬁﬁ‘@[lﬁﬁﬁgjjfw@dﬂmr

conver t i wafealcomp sh @ hipboash tofponentOWeludé & @i, | Gbdt ower .

[ 0029] T&‘?ndd?é 8bb aR§ %gv ap OYer nu pI)L/J 04 arpg,ﬁdgoupl e@ tg TD%\L/J\Bter
conponent s Vi a %%e Sgﬂm el c'gﬁ&i@& ‘Tﬁéepfﬁ?tﬂfﬁ?ecfzfrmlgh’ﬁ’@aﬁ%ﬁ%ﬂ%ﬁs'i'é t he
array 2dor simplicityapt ot indicatite ofra daguizerddnt itisat oy plastiduldi SorApcrRARLovADI | i cal
the shi phghr et Do s SepELEERL Brefi anion s h FsloR e ARl pr ovi des
gl obal SYANSHIS ApismAIci dsita tooa remetatenatigosyrbras it s lamd-based défkerts bediewatier . The
shi plgoargh isnEel I G | {.eGLi i f oL source array
el ements and .ge&?ﬁﬁgﬁ)a?ﬂgﬁvﬁs@gﬁd@t 'Sp@'gt/a?%bég%agﬁoc%’eﬁﬁgp r 4 e;ﬁfr poi nt
for cont§oHNeERg aligmatipe cuirenyadipewentoglirect@ufre®3DL) Phveerar ray 18 i ncl udes a

pl uralit% of air gun control nodules 114 (only one is shown for
si npl i ci 09391 Higdntedaas H2andaawes supriif4eare SouRian dxinenkterccompdnergsiviaol s at

| east  ane wibiicaUs. 11he ufibficali s %Oéth%&tedWngHeea&%. rfie %rﬁ&ﬁ%ﬂ@cﬂ“ ed to
an

one or nmore near field hydrophones 118 one or nore depth/pressure
t ransduc’@?gu'igg's(cﬁtf?'?ﬁ'v'arﬁﬁﬁ@ ymbieal 110 foppepaynare spuierclamentstibonal

auxil_i ar it 122 when additional DT/PT 25 nodul es are desired. [0032]

Fi gdre lléog'ﬂd{i\rsa ProREed IBRAHIBRRL dhe (FNPLEYHp Iffaca nePreRENicates avitht Ae cent r al
conlt rgl | revightloroBystdre ptigsevitied Q!éeﬁltéy(ighroﬂif&ioﬁecgtiﬁﬂaté}aﬁ&ﬁﬂghéﬁ ipbef erably

i ncl udes . noni t or and a oar : in nmost

t ypi cal dce%rcr%%t%g?[ g'l e‘h?é?'%fbc?(?%{%?tgﬁaiﬁwo '%r'ﬁ %%ét@ Cgﬁ%gﬂ'? BYORHPT $EESERYr | nenory
devi ces dlements and pgriphefarseasoronardDit phivaienad dperdtmgeritiyeroirit faredon@sichff or

storing 0, ograns having instructions for use by the processor.
The procée%glgc(:?r rfag‘é%?neeﬂesr'abl y used to synthesize signals and to

20  [0031] The array 18 includes a plurality of air gun control modules 114 (only one is
shown for simplicity), and each gun control module is connected to and controls at least
one air gun 116. The gun control module (GCM) is also connected to one or more near
field hydrophones 118 and one or more depth/pressure transducers 120 (DT/PT
modules). The array may include an optional auxiliary unit 122 when additional DT/PT

25  modules are desired. '

[0032] Figure 1D shows a one embodiment of the computer and the GUI of the central
controlier 14 of the present invention. The central controller preferably includes a
computer 124, a monitor 126 and a keyboard 128. As in most typical computers, the
computer 124 includes an internal processor, memory devices for storing information
30  obtained during the survey and for storing one or more programs having instructions for
use by the processor. The processor is preferably used to synthesize signals and to

compare synthesized signals as well as to analyze and compare measured signals



-conpare synthesi zed signals as well as to analyze and conpare %h
signals s Wwohsles2006 WO 03/079049 PCT/ US03/ 07820 recei E;ﬁ_g/ ge in Pl%
survey. These aspects of the present invention will be fur PSOHEEYr i bed
herein with regpect to Figure 5. [0033] Figure 2 is a block diagramof the
renot e coMFHPY (fENP &g ¥-24TheS8 BSRECHH 0t the gfresept inyemticd ik stwer fibthar above
and showndestribeg@hérainMith rEecREMigffe ENCl udes a 5 processor 202, a telenetry
comuni cati on nodul e 204 and an optional gl obal positioning system (GPS)

timng si gmB] Figaes 265 a BOOk dibgram ¢TTtRd RIniAE cORRN HoBBRBYRCI24 ROVELs b

gener at ed %%%b(? gower S g\gl y 104 as described above Shd" shown
in Figure®™® ¥ EPRYSBNY, S B 3y Rigrepte nolher RGWi 24y inclusisaer  bus
[208 iaﬁdhptdoesqmovﬂnz bai SteR@Rtrg sdsmngbmt:ﬁﬁmt eodfe L‘ZOWEéndabﬁnGptHB@I YidiAY - d10
0034] T ﬂgw 02 may.be an nown processors and may
i ncl ude as?rermr"@ %ga géE%Z?T'SQ 98} 1S551vPe gggvé’?ja&é? TofRct @MROtENid . The
pr ocessor poRgds gsnaraieg|oadshipoudinyethe ebesEsUpplyTIBELdeitrbed HbBVOLRE SFSA | S
coupl ed t f or use when eci se positioning is
necessar y%aéslgg\feﬂ:‘sgﬁé g@cﬁ%éégaﬁs{féaéggﬁe bF&"@'ﬁ%&’?@ﬂ %Ba‘ﬁ?r Us 2080@ ed to
t he shi pbé@rrowenbes 2Qicdistiiptesiha QT povenangdbe emasy. 15 1 i nk. The tel emetry
nodul e 204 is al so coupled to the processor 202 and GPS receiver 206. All

i nter K&l Q9341 They RCY eracgpsas A02anay: bej am nwobzﬁmqu rkgewrkmmmsscms tahe raay .
L0030 o i 3 rhémdiy il 242367 U 3oBOM PAIRERR! £ Jled Bt ARLeher! e

arrangenment of the in-water co nts use ste Pe 1. The
several céWpireHpied t%mmemﬁtwnaw@m afke P@F@ﬁsp@d Colwlattibltim:GPBeshgnaas t he

t oned SUbﬁébétvéﬂQé’@fbr ubB GyHeA VB p SRR |§rﬂe%9£§a"yn%@)?g:} %séueg&tf% Geq,ont rol.

nodul e: I?Cl\/p substantially identical above
and shown "I'% t‘?i‘?rﬁ?f eg‘Oﬁu'ﬁﬁ%C@Jp'eﬁh@ theshipboarddntedegs 2 via & commaunicalio®04 usi ng

any st abhie TItRRAlt ridtak 204 i€ ARORGLpIAA t@&{eaﬁfoéé@?drlzﬂoﬁ%'nd%ﬁ% reclﬂg array
| ural |t of branches 310 10

unbi | i cal 8. .cou

usi ng 8&% AL r”egf)lgplgg%?regwa(l)plﬁgpcg@pp@@gé egihect or. 25 [0036]
A gun bra ontral 314. The GCM 314 is
coggl ed t Wéiﬁ%" gi?ﬁ'ggﬁﬁk g‘fa e §’i§f'q rsd%@é@p‘?réfﬁ"f’% agangeant pf essur e
t r ansducethenipeivdter Gr@ponhie BEM N she sygitmdoft lﬁgarehydr’mpfuwera%&npér%w ] Each
GCMis a t ay. el e

ol udes St hIHER L83 b0 biGeRR £71E 6 S8R 3po. 267 tohed
acoust9 ¢ §@hﬁy§tgm| IHqincigdes a remote control module: (RCM) 302 substantially identical to

the RCM 24 described above and shown in Figures 1 and 2. The RCM 302 is coupled

to an array 304 using any suitable connector 306a to connect an array umbilical 308.
The array umbilical 308 couples the RCM 302 to a piurality of branches 310a-310b using

known T-connectors or any other suitable known connector.

25  [0036] A gun branch 310a includes a gun control module (GCM) 314. The GCM 314 is
coupled to a known air gun 316. The GCM 314 is coupled to a depth/pressure
transducer module 318. The GCM is coupled to a hydrophone 320.

[0037] Each GCM is a distributed controller for source array elements. Each GCM
includes digitizing circuitry for digitizing signals at or near the acoustic source location.

30  This local digitization reduces adverse noise effects and increases upstream processing
capability. In a preferred embodiment, each GCM is used to digitize signals from
peripheral sensors elements such as the DT/PT modules.



30 This local digitization reduces adverse noise effects and increases
upstream processi ng capability. In a preferred enbodi nent, each GCMis used
to digitize signals from peripheral sensors el ements such as1{t;hgeOTsaT
nodul es. amﬁﬁmRE§>2006 WO 03/ 079049 PCT/ US03/ 07820 [0032) Each GCM

provi des power the source el enent and acts as a si ngl EBIS3HEween
control units and all source el enents, which reduces the nunber of

conduct H038] FagfuiGEd HreYidaspeoveritorthe [<00B€] cldmentuand kets yasba asrefie Bdb i s used

to expapgwebe céﬁtﬂﬁl@linlti EhESI Qur&@erﬁ&ﬂs,%ﬁ%%ﬁugesséﬁg ﬁ%:mé@r of "(’:S\t?duc&oqg

auxiliary branch is conpletely optional. he“auxrliary” branch

310b pr EEIaHio) opa@fidRles an auxiliary GCM 322. The auxiliary GCMis coupl ed

to one_qr re di _gt h/ pressure transducer nodul es 324a-c. The auxiliary GCM

is sini 103’9917?6 %UH@ '&ﬁ\?gi‘w PRt is tuged deiexpangr (e cenetiiies &f sre gon Grageh i ze

out psit s1@naks sutinthk RExiligbrdncAiY chrhpREl BSidnBNeWALn B85S ke SLEFRPLS such

as the h)T/ PT %I g%sﬂé%la-c. 10 L%@,040@ Referring now to Figures 4-8 and

utilizi AG FRET SNBSS AR ISR & P BUENABEME322 nihesesiipry iGEMisraupled ta 3,

E eal ; ti mee gcmoﬂi B@ptBﬂptHsﬁ@retteﬁﬁdU@gr Sobaes BRAd-8. anvd a&i’li@ﬂ'{"ﬂﬁggl is ‘égﬁrari nt e(rjf ace
QUJ) e i S cording.to resent invention wl e i scussed.

[ 0041] E":DS]% M i'g%gatgﬂwﬁp?‘r&l{'aﬁy {BE& E%%rﬁfeét foofligire Quiryhiswapls dfem dod r esponse

shown asuxiliby arapth peritthepd! etrisedelagants Stct bthe DWIET ridduids B24H4e, | S act i vat ed,

a peak anplitude 402 is wusually exhibited foll owed several successively

decdfi n{podBhRefering sow dalFigiehdkbbed utiiging thedempadirkentd Qiéscrided adbovgun

ti L thin. : i [ | hi bi t ti k
docay oot conoh el $1dURes, 0037 FoelRe dpuclfy SRl B shuapieP Ay PO
si nusoi draphichl eseydntedaceT(GL0Beibodigents arccendimgpbahe peesentbihventiof lwilikbe) . The

positivg-peaky20 anplitude is typically indicative of a direct output while
t he negative peak anplitude typically includes surface reflection energy

usual Ly gtiadp igurk I e orBARA EERM natBO5Cs tygsk@'gLLi? uh Fedr3fis L CholP geT st and

the effect © | ecti on energy on peak-to-pe
undé# st amalidevriatied Gepapisitte WhaR @nadr el is.aclvaied. at praktammplifidept®dlis and

peak-t oypRMl dVhBREd SO RS RE sti&edsildl) HeehanPeallsy or As‘o—@%ﬁ%&" %365125

response characteristic that deviates significantly fromt typi cal
r espons 8MRLiHGR PR7KGHE04- KD RIRSHRREraHag Sfithist RAsmehRargmetRrs; Wk ugially giRibitt he
recei veen hyghsphopealodedaptiive Eifdwn £xA0BkHY i Adedan¥ 3livatid #BinhiRiskiRg period T
IS usualsilnXséig (\:/Ivlitﬁaat E)é/r%do{ 4818 Béi%),lfglme%grgp e,t(2e+ g}' cgr (b + ¢). The positive peak
20 amplitude is typically indicative of a direct output while the negative peak ampiitude
typically includes surface reflection energy usually present in the measurement. Those
skiled in the art understand the effect of reflection energy on peak-to-peak
measurements and understand how to compensate measured data. Thus, the terms
peak and peak-to-peak might sometimes be used interchangeably. A measured
25  response characteristic that deviates significantly from the typical response curve might
be indicative of problems with the air gun, the receiver hydrophone or both. For
example, a wide variation in the period T is usually indicative of a problem with the air
gun, whereas a variation in the amplitude response can be ‘indicative of a prc;blem with
the gun or the hydrophone or both.

30 [0042] Since the problem cause is sometimes difficult to determine, the typical
operations procedure would have the survey halted to replace the air gun and/or the
. hydrophone. This is because the typical system does not provide any indication as to

the acceptability of continuing the survey with a failed gun and/or hydrophone. If the

10



'gun, "whereas a variation in the anplitude response can be i ndil 4aP5G 2 a

probl em wi (W o3fAgun or the hydrophone or both. 30 [0042],.Ji ({g&g 07kTde
probl em cause is sorretl mes difficult to determine, the typical ™ operations

procedure wo he survey halted to replace the air gun and/or the
hydrophoﬁBera%ﬁ ys°°6‘ iuesdae Hvey. ihere ds n%gf@ﬁ%ﬁ?@begarﬁa&eemf i ageuragy

i ndi cat i ofithasutlie sutveg dacens abhihishig e vaRBIK el i@vdyne survey with a failed
gun and/ or hydrophone. If the 10 1 4 DEC 2006 WD 03/079049 PCT/ US03/ 07820
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of the future surve us dlmnlshlggthe val ue of the
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Teasur ETHY ohay IShe IR dnldifon 35 TR |KRACRS ¢ gefeatgr;}%a&ﬁtgfyrﬁvggﬁshepfeggyt ed

gun and or gun h dro EaZn"
i nventi oﬁhargctemtrpmgnapre Suthe @st tbe opgainee ghowmiin |Fagureedspd'nnses|gr@hﬁé acteristic

SLOnal Ll SndM? B 3hebifeid SERAIAS aREWsdYof 1nd ;f{]gpo%es B e g0 lﬁge%;pgseﬁ nown

as a near gﬁat uré, and use Gr poses
i nvent i offreferaplyf @P ﬂfy’PhQWé Lﬁ?dnr@mcmeay ans gskd in mh@uang aydwaduel aisguh i n

nmeasyig i nglg'ngﬂl’e\é' Fipdlsi b{ur&uéﬂ'e Js%réé goALL J%\ﬁ/jl bcaggfﬁ} Séiﬂ?ﬂ{ Ak Fiierid dg\;i ored as

near-fiel d baseline data in the nenory er conp FSon to real
tine resf¥ndtes qoppatigaRetoareal gvmﬁ EesPRRIRSsirers the | air lgan Qiergmlsseédwm rbeor e

detai |l | Alsfissel @mdle qER® 14t8f t1 @l nmeasured air gun response provides
I nformati on about the health and performance of the air gun when conpared

to an i desdas) Th@lﬁtﬁsmaﬁﬁe&élr@aﬁha@bﬁse%’rﬂvnéiés infoPnBli& @Jo%bhﬁé HeBlH gRented in
the tinme donmi n as peri od of each reigonse is determ ned and

ar chi ved PPEPIERER PF tg"c’)ﬁﬁ&f"? %ﬁ”tCS"}pé%d ¢ Ahdeak dpB ARIPOSSY AP anglRifes i n

t he 1&Sp@rserap@rrepdsdriadlint hel ek Qi@hfémaasp sidwre mAV\béﬁbdt dsreea'rbhrregwﬂse ke
t ude. al -tine response

tial hi | udes peak . .a
B oy M N e R
accept abltite cgspormdel metiall terdid mdica®xa Probiest wutﬂ@hmmlgmmmimgugl érﬁmvmn cat ﬁ 3
bl th t - ow.a net ho
gggor glmn\éwgtnal e 'na%{éejs etagi%ﬁn gt P ?orlilqe lﬁtg;[\e JS? R° ésq“%coﬂﬁ%ﬁ?%?{t?df? ?akf ield
qual ity @owtitude vamimﬁar Amipgtude sixgeeding ecceptableesriesatidoali limgjtsa(msginami or  survey.
The Hh ow shigh) kshdt  inBRSE aopf ARl ARk g&?jr@ggégr BPbud.ntended as limting

the 1 nvention to any partlcu ar order
[0045] Figures 5A-5B show a method according to the present invention that provides

concurrent near field quality control and far field signature synthesis during a seismic
survey. The flow shown is for ease of explanation and is not intended as limiting the
invention to any particular order of steps.

25 [0046] The method begins by storing initial information in the central controller for use in
later comparisons and by activating each element to measure and store a baseline near-
field (NF) signature for each element 502. The initial information preferably includes the
particular seismic survey array configuration, e.g., number of strings, number of guns per
string, gun identifier etc... The information preferably includes tolerance information

30 derived from component specifications as well as particular customer requirements.
Other useful information used for synthesizing far-field (FF) signals and for NF and FF
signal comparisons include gun volume, timing, temperature, depth, atmospheric

pressure, water pressure, and the like. The initial information is based on expected

11



'25 [0046] The nethod begins by storing initial information in the central
controller for use in |later conparisons and by activating each elenent to
nmeasure and store a baseline near- field (NF) signature for each gle t
502. The initial information preferably includes the particul \ D(;Egi C
survey array "@8MM%uration, e.g., number of strings, nunhBETHSIIY per
string, gun identifier etc... The information preferably includes tolerance

i nf or matVares3or iesd parambtecsywhiipement aspRcifdCaiove ke dediEhbqie rear ti cul ar
tion used for synthesizing

cust onery; ' : r eful inform

far-fi el_tgfrI %%rﬁ‘?@'{a& Sln%%gd{ﬁﬁ a H%Fpaéﬁmetﬁrﬁ‘ ﬂé‘? YRSEN yRptian ©aifERiates @te gun
vol une, 'oilializagon indarpeticrt as beindepy MesietrinisphetionGo bPUEEE t ®mpaRd Qlirvey essur e,
and t he L4 ; L et ale i on. s based on expected 11 1 DEC 2006
w0 03/ 0705 e d B B R B L SuP B P S e or 5 s
descri be@ a¥ale are used to acquire real- tine information relating to the

sane paraneters. The l_pre_sent invention contenplates as initialization
i nf or matPBH 1A Tdieldy(FaNgigaatre éxonahfie simtbesizedt $dpbased enh the actuaparray sur vey

i nf or matdgpfgdratiordss bh ¥ni S e erating
par anet er %u f c',)c; qual | tr%ﬁ‘él[%ag%@?%rgdr Q«%ﬁgfhﬁ%ﬁ?&}gl gﬁéet %@e%ﬁg}ﬁ) i's
synt hesi SEWRYB4S pleeasdfop faterhemaparisen toafeabijme swithesipedatR signatwes aerived t i al

par anet mﬁingnmeagamt EQR8y am\@e-thérhﬁ‘ea%ﬁfgdhﬁﬁliaﬁ%rg':anos icgrt{@érgr End.v?n stored

for 1I at er COﬂ%&I‘I son to real -tine synthesized FF signatures derived during
t he Wei MAATEGFYey using the measured paraneters and constant known 10

par anet [[Q048] The survey begins by activating all sources 506 as is
typi cal erlbﬁz‘?]h Cat _ey%eggg.éw g@ﬁf%aﬁ'i?ﬁfceﬁéﬂﬁ@ﬁl'ﬁlg@@?@ﬂ teedat.oAhgagh " shot ",
a new NFactivafion| corembsly asfguied &dlad@8shis’, Bthew RRsighbrdlishedliRRMBURESsing
| nf or mat'1Sh B RARBIF st higuglen RetvepBe 88 Hbe 6ot & AauiethdRomven 20, 15
t emper atqﬁriee@ einfwngtjonaﬁmphiwd dhieegrs dn—_avatéEP&_ampd, ceg., Bk cpT/.pTCI-]Izg r
o acqui PaRerhe XebRdy AhPnBic SHotl, GBH: FUREr ShemoiherorcPatesi ng.
[ 0049] Thitingw theareyicoslyUNRis gnidindividsal (yigphbres iabequetRat etbréd@it he NF
basel i ngpe a3k @Oﬂﬁgéﬁﬁeﬁbgqggz%%g%gsﬁgsynt hesi zed 510, based on the

u the

i nformation acquire ron urvey. [0050] Preferably in a
concur r ggbad)astheHawiyt B&uREWINE 868MES sidlfais P8 bMP&SEd 36 $he NF baseline,
and a new FF signature is synthesized 510, based on the information acquiréd during

20 the survey.

[0050] Preferably in a concurrent fashion, the newly-acquired NF signatures are
compared with the baseline signatures and the new FF signature 512 is compared to the
original FF signature 514. The NF signatures are preferably compared in the time
domain for comparing amplitude peaks and zero crossings with the baseline signatures

25 for the corresponding source. Additionally, the NF signature is compared in the
frequency domain by measuring the first harmonic of the signature and comparing the
measured first harmonic with the first harmonic of the ba.seline signature of the
corresponding source. Substantially similar comparisons are conducted with the FF
synthesized signature and the stored FF signature.

30 [0051] The FF signature comparison is then reported 518 via the GUI monitor in
substantially real-time, while further processing is performed on the measured NF
signatures.



‘conpared with the baseline signatures and the new FF si gnatur1e4 5&8 éﬂﬁﬁ
conpared t Qyud Rgovff! 9i Nal FF signature 514. The NF signatures a

preferably compareéd in the time donmain for conparing anpliGCHE8Bs and
zero croisi rﬁs wi th the baseline signatures 25 for the correspondi ng
source. AR iTORATSHpOd indeE deleghiaingr whetbercibarrack goime tiheperbtirmwithiey domai n
by neasumprdtibtdritheldl SpetifibRoRPBIE Haked BR AL IBALHS @B%@WH%HH 4 eptlipu%e

measured first harnmoppnic with the first harnonic o base S gnature
of the COMPALBAJERYNS RihedVF sgpatuigat i lhrll porsparisoay shawnivat theomensaare

conduct edpwiatihg WwitkinFSpecifiylibRaRérZBE stindyalan @nfnl M!ﬂ%é%&%g iloh rQ%]@Qat ure.
30 [0%51]b The FE sir#lraatuhereg‘grrwari son is then reported 518 via the GU

moni t or  iPRNOJERYES RS aﬂ""}{/e Monitofe, while further processing i s perforned
on the rrﬁg%gg NF__si gﬁatlur es. t12 1 4 DEC 2006 , WD 03/079049 .

PCT/ US03 0B PFISURREFEIS RO ERIdS NakPRSAING Wiiwsredlsatiometheach

sour ce i snathat aftthagresettinventipr sides domeakime pasiséeaol ettinddBopdiaind on t he
conpar ed .k eque r.a i tude mparisons relating to the NF

si gnat ur é’éﬁ] (ﬁé %ﬁ?‘o'%ggrré)%rﬁcg gﬁ% SOHEHP ¢ ﬁﬁf’ EH "Bﬁ‘?%"egrség“aﬁ%%? ats ¥ReMPt hi n
speci f i caeteomjnetthesutieg o ceeinue avithoonesiny theviialidy $dures Gaparih 398 ceesul ts 5
bei ngare et . i . .00 hen_ a articul ar acoustic
sour %g i ﬁhgﬁgﬁﬁ%ﬁtﬁ% 'gm%nﬁéhlzgasggé ﬁ %'(r:‘gtﬂlq%ﬁ%]"f‘\éﬂon %{]%8 2098 B esent

i nvent i oivithl drRMscandiguiation irfarmetions viseddntexofide thre failetcelempetsat Tinsewwi t h one

or nore fgihed,af BHSLibtatHeys %&%Ba%&-ﬁo w@ghg@%sgtgeﬁ@c@igﬁ{ggera%% @re@eused to

determ ne the survey Tan continue W thout “usi ng sour 522. In
t hi s cas®revigushheyntessizer i garaturedor sealyimenintomred dectsionumiakigg tragardingor mat i on

: _ ' _ ) ) . tio0 . rayi.sad
as descr 'c@ﬁ%@@%‘b@ra’%?ﬁs. Ws’bﬂe?;ﬁﬁ&\{ tHeORY %&?ésﬁz@ﬂ 5fgﬁ%9f§{@hhﬂﬂdl%§%'tﬁ§ rr;[)o

; v
exclude the failed el enents. e new sy esl ze ature 1s conpared

to FRIsi dhamissingsprieres witnobadvesly affrft tie avrlity pfr by isevey.\anslythesenieyed FF

si gnat ur ezhQontift2! byt héfﬁbcltimtiﬁ% R*afRCsAIY: MR h&lafdi g s Héued
operations. In some cases, the new synthesized signature m ght indicate
that 15 t¥E0atHe 89y indiaiebat fyfther sHyey qaerains aje aPtfaé’&"éaft‘%QU%]gh%P??teéf t he
survey, @wmdrglRisurvey can continue by not activating the fail ed sources.
In other cases, the new synthesized signature mght indicate that further
survey o[e0s4d)ilnssmarcesestheti coaidrieon ard EB compandoa dwithparavitrgpubdiduted[ 0054]

LQCFU o d%‘?‘eﬁ'ﬁénts)t, n«‘?gHNEn&X? QRW br?fp nAr?eR/ddr is %%\% ic%r?d?tio(wv\%ﬁepeb?/rsquttam?aLflty
all acoustic source NF signatures are altered in generally the same way. It is possible
that some or all of the sources fail a specification, but the synthesized FF signature
might indicate that useful data can be acquired by continued operations. In this case,
the user has the option to update the specifications 528 and/or NF baseline signature

25  using the new synthesized FF signature taking into account the drift conditions. This
allows the survey to continue with the change in specifications being recorded for later
evaluations. When this option is selected, the baseline signature 530 and associated
specifications can be updated in real-time without halting the survey and retrieving the
array.

30  [0055] Figure 6 represents a synthesized far-field response signature generated by the
method of the present invention as described above and shown in Figures 5A-B. The
response is shown in the time domain to illustrate certain comparisons made using the

method. The far-field source peak response 602 is compared to the initial FF response

13



20 elements), mght show array drift. Array drift is a known condition
wher eby substantially all acoustic source NF signatures are altered in

generally the sane way. It is possible that sone or all of thfe 3)%?‘@@
fail a spe ififq%%'i on, but the synthesized FF signature m ght i hdi-caf €l t hat

useful dat %OMAM W& acquired by continued operations. In tRFTUSEEES20 {he
user has the option to update the specifications 528 and/or NF baseline -

si gnat ur &98tuiEs pyighesiredresinr $g hepiesing dibe BRisgiqstey: e Irt alidiign fonthe mekount t he
drift comgipohedSthe Hidrturd! JeA¥S regos Wnke il ' hange in
speci ficat ipgns bei n&{g}IJ r ecordged for |at enr ML(jatglba %Qﬂ”‘é’ﬁésmﬁd\%ée% 'é@?%’g%‘gh on is
sel ect ed COMReE4 19 prETespefiitaLpaseliBOPaAmetess othatwde, wpeaiisdnsani@ng can be

updat ed idetec@dlerfor BR: rabdrBeHEnd ApbHEDtHAE LSAH; géfé_l ?rﬁgluéiﬁérﬂi)eeﬁﬁj)m%rghﬂe array.

30 [ 0Q55] Lﬁi gure 6 recﬁ)re,sents a synt hesi ze _ esponse Sighature
gener at ePHyCallernasiring o the RpEeRE HBvanfioent nothisasraneet rthbasealssve and

shown i n detegrin@Sirdpi\ sigMBurel rESHMAE it SdisTAe ﬁé&s&%\%,%ﬁ@ﬁweﬁ?’f@a -ﬁélﬁ
illustrate certain co farl.sons Vqu%éu3| ng the method. The far-tield source
peak resﬁ@ﬂété‘r%ﬁ‘ﬁefﬁépggﬁaa?@oort etnee eguyeyishpeld badigietse 13 1 4 DEC 2006
WO 03/ 0790+ PCT/ US03/ 07820 si gnatu t hesi zed prior to beginning the
seismc i@%ﬁ@gqrﬁvﬁﬁﬁeﬁ? ?1atséfmﬂﬁﬂzeﬁ{efgkﬁg'aé%ﬁ%’ﬂ%%?‘g'?%%resﬂe@ﬁréﬁgr theriod " T"
604 and mmmﬂdeoatma: pteaere i6QHtian @scdmﬁﬂméceabda\),é arfD BRGWre 6h riglﬁges. The-d g
corr ongdi i I ers. T curve, c ari sons and any. etecte
err ofmgr 2&1 gg%érjgzé Ovavﬁg' tlrﬂgg%ggéentfyt%8mﬁwgtod@§vatlér‘feggglco?‘f’ﬁ%”ﬂ% Mage t“%’@g noni t or
01;] t he 5 ti@UNethodt Ueinpeire freuendi dtgne_timallc{ws for eswparing mreﬁégii;ﬁmer r:nﬁgﬂii{gids manner ,
t he user . Sj esponse a i sp e ssages,
whet her ! (02 2pg POHEL PHRE 1de e BB e Br e RRY r e CR Bt Fnefle: survey
shoul d bat Hel egihningG0 86 suRieyu ride Tomeprismas tisefal irs geibimdising edalfyast-thé edr d

response '§l.d@lg-fa' ; afat ed by the nethod of the present invention as
descri beél ab(l) eugﬁaﬂgﬁlgmrﬁéi n Figure 5. The 10 response is shown in the

fregqyenc ; ial i: ri - US| t hod.
st et nao§TTidbrd ahidl ok Bafeichidbrahedr 2900, JER0RIML b btert™l 106
702 and Retons e Kidistraigea tRicfesrd avpibedi oiginfeometionf fiew Landc giselpe cisingcat i ons

det er m negntréer tdhe BEAIN oAb OfQE)NBpSE+ENE YacchithoC BYRAE | 5t84knt Snvésfddll 1 N
determ n;g%g% ual i t){ of the f ignature in real-time. 15 [ 0057]

r field s an,
i gur es SR e SRS oraPePoRYEHY TPVA iousRt S 3G MEperthc
present sinpligntricodistudsioh] URiosatskiliad i ehe brteshdwith e’ BéndfinbptHeabiesshtf | ow and
di splzay lélsslc%gur% would recognize the availability of several commercial configurable software
products that might be programmed with instructions to carry out the method of

information flow and display according to the present invention.

[0058] For the purposes of this disclosure a graphical user interface (GUI) is used to
mean either a device for allowing a human to interact with a seismic survey system or a

25 set of programmed instructions to be carried our by a computer processor to receive
commands from a user through an input device and to provide a graphical output fo a
user over a display. The term module as used with the GUI described below means a
subset of programmed instructions to perform a specified function. The term screen as
used with the GU! described below means a set of programmed instructions to provide a

30 graphical output over a display, the output being representative of the function
described.

[0059] The survey system 10 is initialized with information entered into an Array
Configuration and Tolerance Input Page 802 preferably using a GU! input device such

14



‘controller and quality control (QC) apparatus according to the pgeREN2006

i nvention. wieienences to the apparatus described above angs L
Figures 1A-3 are made to sinplify the discussion. Those g&l@%?éﬁ the art

and with i f e_present 20 disc]osure_would recognize the

avai | abi |%{é;‘;jﬁm%ettgreg#oaﬁﬁ;%pg?ra{ao%rﬁgqq‘,’ ﬁﬂrté%l?'ge'st‘F\AHPE”a“ﬁP oafemblyt hat
m-ght be bely danticylar ispisticustivenarty wafiguratd, &de niRbBogr afrings,

i nformatiganfd- QW ARd - sl gcaglqu.grg to tphe preseng'it1 innventi Qn.rm %058] For
the purposes of _tgﬁllﬂs %rscl'@gtﬂ%e T pRCeal TR SFOTMAIaR Picferablsiidludes used to
mean ei t higlerancg eipfosmatiay dgtivesivifog gohporent tspedifidativac taswivell a8 SaHiGUEAC survey
computer s refirefent oM o FSAP S, SRR BRI devi ce
and to prevberg avglesied idermatiopin ba esed to owepareseveninfirspliayior Jiityt@r m

st T et 1 e o e ey Jf BBl e BRLCG o ¢
the QU dR¥BPSeBet this Hweriansthe tsets dfualiy'b graniawality rmonirolt taronised @ngr ovi de a

30 graphi geerdlylued indiBrar Tt 86 tefrhiSroRitd ' J Lvg of the
funct'tpgn geg{esc?li bedf LOOSQ;ii The surs,ey gystgﬁnmi%ﬁ%@ﬁ@?ﬁ“%lsﬁg%ﬁét\%ﬁ .‘téh

i nf or tHat | SF1eBIReE 18 AnaehereRIRbe sPRGificatisng. i gur at i on and Tol erance | nput Page
802 prefe gé]y US| ng a I 'ban_ut device such 14 1 4 DEC 2006 WD 03/079049
PCT/ uso3/£9§ dmﬁél'za %W{??f‘i”é o syiBgairansiasted ip Srodules\im thsa@Y! eantrelles 10Rke. The
i nf or mat i efFiguef €C.alihg cantrekeiderarmidiien RABirAfgelan aSedntBiidr Foip 640 ahd 8y

uns per string, gun

configuration, e.q., nu r of strings,. nunber_ of g _

i dent i fi e?°“é‘iec9‘fa.“g/1$f8“i’ @gr nﬁﬁ okt g"l’aé’Fya%er i Yrihge showrp pe p dieak field

i nf ?r mat i wali@_earid/ednbarmgﬂogrmmnzan_s rneﬁriﬁarcabh@mf aﬁ&ls)&/tﬁ{hlesigs_;r@ﬁ)_r tBJ}&:J! ar t 5
cust oper enent s, e_present. invention n es.as jnitialization
i nf or%t i Jgﬁg}égée Ergqrrt‘ﬁ%ﬂ%nnv 'ta%ksfep@g P /P &F #ﬁ S @ﬂg@‘f‘) 8@%%53@69% Rfgaica sur vey

i nfor mtat i amd fooan qurat idetection ntoduleoBfsar infamstiaro ngatimg ntb alia_ysmﬁg(ﬁétﬁm gper at 1 ng
par anet er Y r 0 iS.inventio e terns
"quality" tréar%l% rﬁgﬁgﬁ%":@%{'ﬁ%ﬁ‘e %U#égﬁ:tg}nagn"c?g'hcﬁéfr'%uf%tlown?fg’&é*nWﬁ'ﬁé art.
That.it, heed ivrrag-timd Ht.-ﬁeltti) cighhkrehdisplay qmlrrewm‘MQarTrwaniaammhl infermatidn

det er mi ne TR i i.fiallzagi

ot ot | s e s eyt TREh SeRheRRog e B, LG IR shidlihil,

Fi gur# 1ceonte controller information is arranged in a controller group 840

and a sourc alit roup 842. The source qualit roup is further shown
as a near [Oppgh lgiltllalllzatign l%formgtion is preferably availableqto a use¥ og a GBI monitor in the

form of information pages. The baseline information and tolerance seftings are

displayed globally on an overview page 812. Initial information might also be displayed

as string information on a per-string information page 814, and gun information can be
25  displayed on a single-channel high-definition page 816.

[0062] The baseline information is transferred from the archive module 804 to a Sensor
QC and Comparison Module 818 for use during real-time near-field quality control.

[0063] Once the system is initialized with user input information as described above,
initial measured information comprising near-field signature information is transferred as

30  baseline information in the archive module 804, in the error detect module 808, in the
Sensor QC and Comparison module 818 and to the array fiming and correction module
810. Ali of which information is displayable to the user on the GUI monitor as a Sensor
QC page 820.



‘qual rty and conparison group 844 and a far field quality and synthesis
group 848. 15 Tolerance information is transferred to an archive nodul e 804
as baseline information and to an error detection nmodul e 806. 11inPb¢ 86 on
relating tg 05/ 4 configuration is transferred to the archive nodul e 804,
and to an array configuration nodul e 808, which is used FhIUS&830e
far-field signature display and reporting. The initialization information
is also {Qoéﬂg%rﬂfrgeaa%sfm inforragtion; aenvitpdday thectarious stnsatsededtheduabedef or shot

timing 2Ad @ﬁuwrrnalFlgﬁféﬂﬁia}eférablplﬂe&vé é@édrénﬂ 'tcPf= e bR%nB n@f O;ﬁv%bages The

avallabletog [sé&r on . a nonitor in or m of
basel i ne MM én HH1RE t"ﬁ?f@?ﬁé}ﬁ%egzéetdtepﬁﬁ\gémérﬁéesse!r%mf@ry@@orgmﬁalguy on an

over vi ewirfag@tidhlé2s smi fehﬁierdtlm%(ﬂ{fﬂﬂﬁ{a'tl&*ﬂfiﬁﬁ b t@ﬂhé%up%oﬂb? Fﬂoabﬂ?(ho @RgString
|nfor tion gélnfor tion gun information can

be d.'ssw'ﬁg'éva'vpf%f%rr GHMnR F“"Pﬂ‘)@hB%ef @W.laﬁ@rrp%t@@ #s® indusigs2] The
basel | ne inforfratiorsioprasi @mmmfaeam tfm;ﬁglstghgnsaxb@mg\f@tnmbmgoﬁ%mtﬁ:\ea Sensor
arisan a@?hﬁﬂf@ %Puse tj Ic:; | -tinme near-field quality
cont roI C(&{[Hé’@%t OB ce-t HEOEIAUP fPfnsSev et gy PO quH'et?@@? apxiliRiy cPAQr mat i on
as descr inmedieatiowetp the QM 302 raaasycgrémwﬁpma&edo}b g@mw} Pidndaftass | flhd
si gnat ur transferre aseline. i orrratlonln e
arghl ve (F‘{dé\ﬁ] Ingor@%h P# fise "équf' 5P "H%@@ﬁ?n Ff’d‘gh?%c%'ﬁ%‘an‘il g 18dhe N and
Conpdfi send pihduin®rdatoradesiralle ireordmlimy theistringg and correctl on nodule 810.

Al'l of which information is displayable to the user on the GU nonitor as a
Sensor @Dﬁ@h@@rmﬂon tegatding BEQD S0 BowiNas FRZN T¥OrBatiBCTd 53@&1r@iﬁ§260r{10064]

ouri 0 eSgashal, (SLARLLGY OIS Hellfe RO, SO0 5efegg bed

above own in gure OWs according Y8A and
8B. Hydr eptidiee at ithe tineenf iegph 82@ Usmgrhnng'mamglsmran idevicéd2dnd uhe'pnbhs atlepr essur e

i nf or mat i;9R.BRGc Fﬂé@smgbﬂﬁf%ﬂ?rfoh saaéu@é&dﬁhfag{c{atals%afe% %e%s%r%r h.ﬂg £30 flow

to the gun contro i's co erre
i nf odfat itnties 2nddrie lecatianeefi tee shots dhe efpuartion is trfamfﬁ!rmd torthss @SﬁP%@

commands f@fqgcogﬁq biofth it $he BRAPinfdnfdichhdzrld\Re REY ARZmERAMddYS @ y

controller 102 nf or mati on from sever al gun contro
control TRENFEETANGF-to the RCM 302 and is coIIectlver referred to as RCM

i nformati 3 |nfor 834aso S in n such as
conmands [ﬁbgﬁn ﬁ'be F’g% 'fﬁ%gﬁds B'Fﬂérla”? fr8 o‘r‘?”&@@"lnqgé?‘ér Teﬁf'
control | itimg héwe-field isimature QC, and for concurrent far-field signature synthesis and

20  reporting as discussed above and shown in the flow of Figures 7A-7B.

[0067] The hydrophone, depth and pressure data go into the Sensor QC and
Comparison Module for the diagnostic tests described above in Figure 2 and those
results go into the Troubleshooting Module for evaluation of out-of-tolerance conditions.
The raw data also go into the signature QC and Synthetic Module along with the array

25  configuration for generation of array synthetics.

[0068] Data, such as information relating to individual sources, multiple sources along a
string and complete array information are used in real-time quality control and source

evaluation.

[0069] Referring to Figures 6 through 8B the information used and/or obtained during
30 the survey are presented to the operator or other personnel using a plurality of modules
in the computer for comparing survey derived parameters relating and the acoustic

source signature to predetermined parameters relating to the acoustic source. The
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[0065] Information regarding each shot flows as RCMinformation to
recordi ng raQ rr(]D GS/ PSU i nformati on 836. Atnospheric presiu/re |/n OI’TTB.?I on
838 is prefera acqw red at the tine of each shot using AGIRA>/07820

acqui sition devi ces and net hods. The atnospheric pressure information 838
i ncl udes t99BPEFSASS iSHEPPriech fas sHTRlifdscRuRbie Reriast and freaency fie,a asedl dmitehe

| ocati on Qﬁsdld?eth‘é%tfnpaﬂ_&ﬁ\ bé?rﬁ@ﬂé@tét%‘aétﬁw Mr@lﬂ%e?’nﬁ'\ﬁ%gl%ﬁd?g GSldp ?rp afor

recordi ng aI ong W th I nf ormat i on ormati'on 836

for |ater COHEG %WW@%&P?/?P@”Q [NohE Sy steReoIsPRIS SoNHTUNM e  aparaigs Y al so
t ransf er r eghot, ortdoatiruamy fHel b;ﬁratﬂdﬁzaﬁdl)hddﬁﬂhg[; td PRraRRRfrs ftd el RlogRbHie &L

and for. co ren far-field nat ure synthesis and O reporting as

di scusSed cg’?f@\) %WW E‘F\g OFPFFHOBS ~ Fi gures 7A- 7B [0067] The

hydr ophon an ressure data go into the Sensor QC and Conparison
Modul e foﬁo?ﬂojq:t(?ir aad'?fgg‘[) Gec WPt 3 lﬁ'é%@gf'%%&'ggﬁwfe 3 dﬁ?cﬂﬁ?‘% in Figuret foge
results gmompansdme m'adem:lbtresdeamm peak\EaREignahne, repeHintparyAeplefined out of

out - of - toI % %’% The raw data also go into the signature C
and Synt he 8u () g vvlth t he array 25 conflguratlon for generation

f t to
i ndi vi Sﬁaﬁwﬂ%@ﬁb*"wﬂ%g{’ ice S S B P T e PR Bt e ay
i nf or "kt i cYwmpagsansienade of éim bubibleeperisd| G0dysigrature. oTheapamsnisoe & reparédduat i on.

[0069] Refigg Lgé}%@g WithdidEPerfiel UV HoRRod AReRALGHTR! ! on used and/or

obt ai ned ur| n e survey are presen € operator or other

per sonnel Nﬁ?i(]@o?fr%&ﬁrﬁ&/' ﬁs‘i’ngqurec{rgﬁév |ﬂ§>nnhtrb Jé‘ﬁv&@mtaetfmé Qéne%% g[dn?g

survey deriy araneters re ustic sourc
predet er m%@éqlﬁ‘ﬁéﬁﬁﬁ%’ﬁtmeﬂ‘e&ﬁ'bﬁj noFigHEe ads)lggmrgtegogpmganspme arg gnatie4 DEC

2006 VO OsisBd %949e 8@’5/ tsé'i@é{hotﬁgzr@qgéﬂwaduk@%zmsaﬁoeﬂﬁd @&l prﬁo'ﬂggkéawde
bubbl esperl od and freq uen%}e/ to a user on the display, the conparison being

used at” | 831 —% ABpHPer HineR P IR AR ORSE DRI SGIre ERPP\'t% A course of
action m lin systemf r repair, continuing the operation
et shot0B riprase g HEHPLOR A SFRURT @S TS SAEEer ¢ o
takfa [ n:j 0 iaventiomtor tite piepos dfoinstrawinesny é)&bdanuﬁddmgt wmebeca@mht $6Wevdr0870] For
anpl i tude, Us ' s, descr,i e n
conpar i sorPHeoKiEad b B8 kR PoHp b8 st Er GBS &% whBeirls et R ser
def i ned owabowé argt mﬂseibwrwlﬂ'lomlbémavta@ fooms the scope of the mventlon It is intended that

20  the following claims be interpreted to embrace all such modifications and changes.
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-[0071] For bubble period, using a tinme series signature, as described in
Figure 6, a 10 conparison is nade of the bubble period 604 signature. The
conparison is reported to the user along with user defined out of
t ol erance observations. [0072] For frequency, using frequency ig@g{[crrati on
derived froma tinme series signature, a frequency observati oh’ HBed in
Figure 7 is generated. Conparisons are nade based on the area beneath the
frequency curve 702A and 704A, for all points greater 15 than -6 dB. User
defined out of tolerance observations are reported. [0073] The foregoing
description is directed to particul ar enbodi nents of the present invention
for the purpos&"8¥s FPIMPis ati on and explanation. It will be apparent,
however, to one skilled in the art that many nodifications and changes to
t he embodi ment1.set A aktldd RheaiRg ah &cHRSS kblkrSe Wirln i b the
scope of the inventgoglgﬂsi*# i's ?gntended that 20 ?%l;lée?%ﬁ %&m&%ﬁg%%%%nwt be
interpreted to enbrace all such nodifications and changes. 17 1 4 DEC 2006
Wiat is clained is: 1 A?het hOBAEP aestlina giongiug oblhs ereusiiosaue: duri ng a
seism c survey operatiohl cerpingsisagendalpngoredibinige acobasabime aeirgmat ur e of
the a@coustic source; b) s&smRlsliNgy pesRGRAERaSI gnature fromthe acoustic
source during the 5 sepsmc I peration; and,c). conparing the second
2 oo mBREERD s BRaBllS o wBPG TRsBra ™ cast

signature to the baseline signhatur in

part in deternining a cGUPRESYIPERGYSEH3t leaRHRPH] indetREnIReDRSIrT fottioce i s an
air gun and wh¥rsein tihacdysticboutes i amait Yee ang wheepr ge anisdine viagrafura ismeasur ed
out put of the rapresgitive tdie: FREMSH SitBRATURS aPQjuRTthe L EAP LGSRl e of a

secopd measur ed,RUiRMve 8f 2 LS @irkadlill ofout IR IEGNOD Of claim L “wherein
t he conparison I ncludes conparing one or nore of peak anplitude, bubble

anpl i tude, bubble frequency, bubble period, response signal spikes, and
i ncreased noi se f| d&Ff "SOYRESGRT Hderedt the tamingrisonfinpudherorwenng dreiongowsi Ng a
time domain refpesemmitideubdibanplitidecobanebiuttes baibal dekiBd, Fe¥hohddQignal

conpari son. 4.splae dmtidiadhsad ndideiont 1 further conprising using a frequency
domain representation of the baseline signature and the second signature

for conparison, 5. _The..neth)-of eleiml| further conprising updating the
basel i ne si gna3f ur e R @ppthod of claim 1 further comprising using a time domain representation

15 of the baseline signature for the comparison.

4. The method of claim 1 further comprising using a frequency domain
representation of the baseline signature and the secend signature for comparison.

6. The -methed of elaim-1-further comprising updating the baseline signature when
the second signature meets a predetermined condition.

20 6. The method of ciaim 1 further comprising updating an acceptance criterion
based at least in part on the second signature.

7. The method of claim 1, wherein the baseline signature is representative of one
of acoustic energy and a pressure gradient.

25 8. The method of claim 1, wherein the acoustic source is an air gun array and
wherein the baseline signature Is representative of a synthesized output of the array,

the second signature being representative of a second synthesized output of the air gun
array.
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the second signature neets a predeterm ned condition. 20 6. The method of
claiml1 further conprising updating an acceptance criterion based at | east
in part on the second signature. 7. The nethod of claim1, wherein the
baseline signature is representative of one of acoustic energy, a{bg a
pressure gradient. 25 8. The nethod of claim11, wherein the acdusPEE Dir ce
is an air gun array and wherein the baseline signhature |Is representative
of a synthesized output of the array, the second signature being
representative of a second synthesized output of the air gun array. 18
AMENDED SHEET 1 4 DEC 2006 9. The nethod of claim8, wherein creating the
basel i ne signature conprises using predetermned initial paraneters and
creating the sexondTsé gathol bEoiSABPIHeFRScrélsting th i | rameters.
10. The net hod ﬁ?@de?ér%in@h?nma ShekRd 08 cm?dg%eerb?"%'"}e{%%{?’%ﬁ{r{e gﬁpﬁgsaur?&gers
include one 5 or nore of guh Vol une: “t1 T Ng MeERPESgngiE comaises, using

at nospheric pr é¥EGy e gA@=@as pressure. 11. The nethod of claim 9,
wherein the survey derived paraneters include one or nore of gun vol une,
tinmng, tenperatour e Thel@pinbd ofdidme MHRFeiihdE E5S WAL&! ressure, the
survey derived ParANBLES RN %c)qggnr g%&%urigkﬁeﬁgﬂgg SMC survey % 0 12.
A nmethod of testing an acoustic oBurce ddrt FEPVh BLsENRTE PEFFYEyREIRT si ng:
a) generating & 1ear-field signature by measuring the acoustic source
output; b) storing the near-field signature as a baseline signature; c)
synt hesi zing a 1flal‘-ﬁ'h@hﬂth%h@ﬂ@&iﬂlrg?wkl&-biﬂ%eos{u%?tdgﬁ&%ggn:hamrst @l Aret er s
15 d) generati %rgogsgrpogu'ggagn-ﬂﬁ% gl d esritgnaturte during the sersmc survey by
measuring the acoustrc source o 'pqudEl’JrrienSeQ%eat@ﬂﬁ‘\?'é% PIEJSUS FPAMEIFi ng a
second far-fi elPFSSYGNAL GracySrined AP deing peavirep durmodicsressmid Juneynpar i ng

t he second near-field signature with the baseline signature 20 during the
SUrvey; g) Conpari ng riduease eauneh &Vatohatesa@te dithg bisehklicSLARALIGishg. t he
first synthesized far-fiebis INALMESR: si8Mure by measuring the acoustic source

output;
b) storing the near-field signature as a baseiine signature;
c) synthesizing a far-field signature using predetermined initial parameters;
15 d) generating a second near-field signature during the seismic survey by
measuring the acoustic source output during the survey;
o) synthesizing a "second far-fieild signature using survey derived
parameters;
f comparing the second near-field signature with the baseline signature
20 during-the survey;
a) comparing the second synthesized far-field signature to the first
synthesized far-field signature; and
h) determining a course of action based at least in part on one of the
comparison of the near-field signatures and the comparison of the
25 synthesized far-field signatures.

13. The method of claim 12 further comprising comparing the far-field signatures in
a fime domain.

14, The method of claim 12 further comprising comparing the far-field signatures in
a frequency domain.

19
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h) determ ning a course of action based at |east in part on one of the
conpari son of the near-field signatures and the conparison of the 25
synt hesi zed far-field signatures. 13. The nmethod of claim 12 further
conprising conparing the far-field signatures in a tine domaiq, g ﬂﬁ-e
met hod of claim 12 further conprising conparing the far-field signatures in
a frequency domain. 19 AMENDED SHEET 1 4 DEC 2006 15. The nethod of claim
12 further conprising conparing the near-field signatures in a time donain.
16. The method of claim 12 further conprising conparing the near-field
signatures in a frequency domain. 5 17. The nethod of claim 12, wherein

t he acoustic source I e and wherein

t he stored basgﬁlneTrgﬁéyg o £15Eﬂ¥gbas Pan &9&%%h§ﬁ§§§&gm%sgﬁawfm

basel i ne S|gnaﬂﬁ?ém5€PW@ma basellne of a correspondlng single acoustlc
source In the plurality of acoustic sources. 18. The nethod of claim 17,
wherei n the comgari sadmeihol Besidveas rfringd d&wﬁ;klgﬂgﬁ&dﬂ&ﬁn% Be ndd--rbhQnGRFesl | el d
basel i ne Indlc@ﬁgﬁeﬁﬁ*é}dﬂ&ﬁ of that one or nore f ed acoustic sources

in the plurality, e I ndication being based on a near-field specification,
the method further conprising: i) synthesizing a third far-field signature
usi ng3survey ddrfi vedhpmethpdtod cigim gX.obhestiv theaicotidtie somee drciuder @ pfuadlityed

acousti c sour cessushd sbirdesGRBMAIMGhS 86l Bhddind @la- J.drgh,dof%gmé Yo h the
first far-fiel &8l oRAMRouneUaluld deifled BLILAL 00, BrfOULS0 Qg gt' on, pased

at least in part on the conparison hi F TPUTE to the
far-field si gnaCuFa" "oPuRY ShBHEY 6¥°8tai m 18, wherein the third
far-field signature neets a far-field 20 specification, the Method further

conpri si ng updaii ngTh@Qel}&b@dﬂ'ﬂaﬁﬁm R@@rdirthé b&hpanﬁ@i’@@r@ﬁﬁfel&%a%é@%e bei ng
baSEleat | east H'wt:pné?aﬁrféld Egseﬁilh‘%am& tés «T){f ncL ometl-ng o%l %p%t?re fall'efi aooufst\c TOSIT met hod of

cl aim 18, wherei gnhat ure

speci fi cation, 't & MEeRod"s BPEer b(?'(?ﬁﬁ’?fes‘ﬁ Uy EBftISRUTPRE 1aen- g ewihedsur vey

after further comorising:

i} synthesizing a third far-field signature using survey derived parameters
exclusive of the one or more failed acoustic sources;
15 if) comparing the third far-field signature with the first far-field signature;
and
iiii) determining a course of action based at least in part on the comparison

of the third far-field signature to the far-field signature.

19. The msthod of claim 18, wherein the third far-fieid signature meets a far-field
20 specification, the method further comprising updéting the predetermined initial
parameters, the update being based at ieast in part on the third far-feld signature.

20. The method of claim 18, wherein the third far-field signature mesets a far-field
specification, the method further comprising continuing the seismic survey after
disabling the ane or more failed acoustic sources.

25 21. A method of testing an acoustic source during a seismic survey comprising:
a) synthesizing a first far-field signature using predetermined initial
parameters;

b) activating the acoustic source to conduct the seismic survey;

c) synthesizing a second far-fleld signature using survey derived
30 parameters:;
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-di sabling the one or nore failed acoustic sources. 25 21. A nethod of
testing an acoustic source during a seismc survey conprising: a)
synthesizing a first far-field signature using predetermned initial
paranmeters: b) activating the acoustic source to conduct tHe SECSHE
survey; c¢) synthesizing a second far-field signature using survey derived
30 paraneters: 20 t~ 3 ff ~ SHEET 1 4 DEC 2006 d) conparing the second
far-field signature to the first far-field signature; and e) determning a
survey course of action based at least in part on the conparison. 5 22.
The nethod of claim 21 further conprising reporting the conparison results
during the survey over af)out@mpadeyireesecBd aAficapppeatd® HRrfikesthdg an
acousti c source during asgeiterd &haSUrvey operation. conprising: a) a sensor
to sense a first output th tic source, said sensor 10 sensing a
second output of the acoggti cgest%ﬁ’%c ad'fgjurnl'eﬁgco’t"ﬁgogi‘it'g?“r?‘t‘,sed§h're€§yr;‘ PRy} o
menory devi ce for storingwémﬁﬁgﬁPPne signature representative of the first
sensed output: and c) a processor executing instructions according to one

or norke program. 15hstrasted éfrtiairhel mmrbm@%i@eegmngqg%%g}%og,SS% ond

si gnature repr(ﬁﬁﬁ@;@tguwgyg‘tertapgutgﬁcdogig sensed out put” t aselne
signature, the conparison being sed at least in part in determning a

course of action during the seismc survey. 24. The apparatus of claim 23,
wherei n the onePor MEEEPHRYY I RSt assedic byurtd@uringd @ sPEARRESBY obRatBRNET at e
a first synt hesiorgdsisg:gnat ure of the acoustic source based on
predetermned initiag) -par second, synt hesi zed signature of the
acousfj ¢ source basbed on sgﬁ%%b%&é‘gggv@é* ?)ug’?uér?é ErE D8 Sofe ShesEPUs of
claim 23 further conprisPHG 2 gtEph BYPutueie ispeustis sewses duringrtepaetsintg t he
Information relating to $HéYbasel i ne signature and the second signature to
a b) @ memory device for storing a baseline sigrature representative of the

first sensed output; and

c) a processor executing instructions according to one or more programs
15 stored in the memory device. for comparing a second signature
representative of the second sensed output to the baseline signature,
the comparison being used at least in part in determining a course of
action during the seismic survey.
24. The apparatus of claim 23, wherein the one or more programs are: used by the
20 orocessor to generate a first synthesized signature of the acoustic source based on
predetermined initial-parameters and .a seesnd synthesized signature of the acoustic
source based on survey derived parameters.
25. The apparatus of claim 23 further comprising a graphical user interface for
reporting the information relating te the baseline sigrature and the second signature to g
25 user during the seismic survey operation.
26. An apparatus for testing an acoustic source during a seismic survey operation,
-comprising:
a) a controller controlling the acoustic source;
0 b) a memory device in the controlier for storing a baseline signature

representative of the acoustic source output and a second signature
representative of a subsequent autput of the acoustic source; and
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25 user during the seismc, survey operation. 26. An apparatus for testing
an acoustic source during a seismc survey operation, conprising: a) a
controller controlling the acoustic source; b) a nenory device in the
controller for storing a baseline signature 30 representati vel bfDECh2006
acoustic source output and a second signature representative of a
subsequent out put of the acoustic source; and {;lie.: ti 1 4 DEC 2006 <c¢) a
processor executing instructions according to one or nore prograns stored
in the nenory device for conparing the second signature to the baseline
signature, the conparison being used at least in part in determning a

course of action durdng hpeoceeics Bkerulidf NS ctioRs ZZcordTrtbeto%ﬂ_Q%F%rléspr&;{;arﬁ% ai m
nt hesi zed far-fti1eld

26, wherein the baseline _sj re represents a s )
signature derived from pr élcrfg‘p g&%”ﬁeemdp ik %Tﬁﬂé%é?erﬁeﬁg?f’ SYRHUTERRT s and

wherein the second si gnaPBiing Sigralseenthe, caBrRasnen $9iRE HssH Abdedshin paring
si gnature based on surveyetdeninugd cpasanfetctsrsdurid@the Baemappareat us of cl aim
26, wherein the baseline signature represents a 10 neasured output of the

acoust4 ¢ source,and erej lgnature represents a neasured

out put5I of the a%%ust% : a%(t:&esﬁgfzgl.gﬁgﬁgf ‘gh%g?j att'l %%a%?q'ﬁ%lséﬂ”ﬁ%“?? A uhagiicle

conprising a plSYPHEFESH G-16dnggrature oferiea (TP Prgaeteivanss infiigr eregipterieeds ur vey

deri ved par anetrargmet@® and wherein the second signature represents a second synthesized far-field
signature based on survey derived parameters.

28. The apparatus of claim 26, wherein the baseline sighature represents a
10 measured output of the acoustic source and wherein the second signature represents

2 measured ocutput of the acoustic source.

28, The apparatus of claim 27 further comprising a plurality of sensors for acquiring

one or more of the survey derived parameters,
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