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DI AGNOSTI CS AND GUI FOR OPERATI NG SAME Background of the Invention 1.
Field of wbha3llmoeenti on 5 [0001] This invention rel ates gemeraiSoy018e0 mari ne
seism c surveys and nore particularly to a nmethod and apparatus for

synt hesi zi ng and anal yzi ng the out put response of an air- gun array and for
di splaying informati on over a graphical user interface to a user for real-
time quality control of a seismic survey operation. 10 2. Description of
the Related Art [0002] MERAHR AND ARFPARATUS IROR MARJNEtSOURCEI n geophysi cal
information rel ating tRIAGNOSEIGS ANRIGUI KRRIORERATING SAMESea bottom
seism c sources, generally acoustic 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 where they are reflected back to the sea. Sensors
(usual Iy hydrophones) are Bas#igraungeefdbe Inveatioot ur ni ng shock waves and to
output signals indicative of the detected wave. The signals are processed
to generate useful data and to determ ne the geophysical structure of the
subst rat-a. Zleldoofthe Inventigins or gas guns are frequently used as acoustic
transmtters. Usually, several air guns are placed in spaced relation to
each other in an array. One or nore air gun arrays are towed behind a

mar ione [PB8HeThinivenlidn telatess genesallyf tadearinBasismjc speeds rom moralpartigilerlguns i n
an arr ' ' Y ' veral )
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pr Oduc%@gﬁlé}i@&jrﬁro%ﬁ“a Qéi%@%tsl'ﬁ@e?r?géﬁéﬂ ion of the characteristics of the

pressure pul seés produced fvidual air guns and the physical
arrangenent of the air guns in that air gun array and of each gun in that

array. ?/\Or ORI thYRBIOSAe0 [0004] Usual Iy, a shipboard central

controlTe the controller is coupled to the array
by an unbilical |eading out to the array. Shipboard controllers have been

of 1 he D R e e e B glon Bl 109 52T
Fi sk arfHbeigtandpoakrs 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 atray 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.



5 title "Mdular Airgun Array Method, Apparatus and System’', the '482
patent. That patent describes an air gun control system having a central
control | ewomn/otdees ship with a data bus | eading to severalPCsasovers2@l i gned
in an array and towed behind the ship. The controller of the '482 patent

pr ovi deffommsuanw\@t Sfipsitd @htrbiCIoRs éwatrBEethHZé? aa&f afid éﬁé 2bf c%u%% ocal

control nodul es that perf orm@:@wer conversi on an
addr ess&BYRIeHip tttﬁ@r@mbpjt?@at@l hteagding cwhtortbe peray. §b®05?rdlmntrnlt§ersba\zem c

sur vey 0bge R #Nsros&Y et khedpadrs td I%Ip @ﬁaﬁelsmleﬂséwa&% e(oPHﬁr;P;Hto;\nO%F goal

is to maxi mze the energy. output sel sni C source arra er goal
is to RHPHt ANG usB Sé(ﬁ@ﬁ}x'%%ﬁ&'t’%tﬁ'a‘l—' S:maf%éﬂéﬁ?éﬁ?dg Rigkt &chhaving the

predst erjfd "ERBASIGE A‘Prbun%?é‘y' f\ﬂeﬂﬁ‘;d' afftud LA tsﬁ%ﬁi" fth&%‘az Eét@ntgy TREPduced

by a source array iS maximzed by rralntalnlnq roper timng of array
el enent 82teRtdeseriRehar irigyy contiPhaYaiea havinche gerir fcentr@ onfthe shipmithee

condi ti gag buEh@adlﬁ’d fB se@éfaﬁ‘%our‘é@i 8fighetiGn BN bFraPhRd Bv o%%@ﬁa' Efl’h e orm

si mul t aneous| y h' rm"element™ refers toa5|n e alr
sour ce 8?”’“’%1'@6 g& thec 4§8 Ratent ovidesy spra di-Walgs renirelaiepiures by r’fhe use sftther a

single élu'i’alwlﬁf Wcal Gotrol Qfﬁécﬁ)l'es Hat Qﬂeﬁoﬂ#%we?gonwgéﬂt %’g”érjegm&l%ldﬂélﬁpl ematic

with typical source systens that control timng fromt acqui si t’on
vesg(el a@"@é?@rﬁ%wEhec%'lﬂbéaﬁfﬁnt@k@ceﬁﬂgerfromthe vessel to the source
element _acts as a filter in the systemand it limts the operator's
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and t huacdstmtu@@uﬁ:ees [uebd Abidin §dnhedicallyvefdps acahsed stictaif hanal & arl 4R408]
Anot her problemw th the typical prior art systemis that element failure

of t en P Alews. operational effectiveness. A failed source in an array
R " S bl ol e R BT B SR I b
achIsntlon 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 signals.

[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



m ght continue operation with a small nunber of failures, but this reduces
data quality. Also, the operator mght install spare elenents in the array
to acti vawe osowequent to the failure, but this adds costCraspsierssurvey
operation. Utimtely, the operator mght be 5 forced stop production to
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potential 20 failures. Current seismc survey systens do not provide a

gr aphi cRYriNg2 eSS EYe havi ng real -tinme status reporting, quality control
reporti troubles ooting tjips_for use n he sur e u y of
e | nvERipbime bR Sistemas et rom b e R eineds By usst e
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Scoust | EoUF cus) o e FEafiFG RS et HOLKIRRRIY BT Mo Re T Baeen Besour ce
duri ng tdmeove@icidrhents.urvey operation, and conparing the second signature to

t he baseline signature, the conparison being used at least in part in
det er mi [001d] ¥et auother @iobdar i azsociStet\QviOBAHE HHES BEFEWSE3THaY 3t operator

needs an improved interface for effectively controlling the array in view of potential

20 failures. Current seismic survey systems do not provide a graphical 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.



[ 0014] The baseline signature represents one of a measured near-field air
gun output or a synthesized far-field array output based on predeterm ned
initial papagerers. \When the baseline signature represenPsTaISO®ens24 i el d
out put, the second signature preferably represents a near-field output.
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sl RIS
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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



signature representative of the second sensed output to the baseline
signature, the 4 WO 03/079049 PCT/ US03/ 07820 conparison being used at

| east i n warms/or94get erm ning a course of action during th@CTAS030Mse0 survey.
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provided for, use with a 15 em i ncl udi.ng one or nore
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P oust | S S g dr el TTE S COPBRR dro SR SHGPt Ehst BRSr 1 or
Pr OQES SH&SrhiRing lEuF R ofaREeH Sty the seiB@iceurveyr e programs, a display device
for displaying the processed information, an information input device for
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processor, ce .and infornati on ut device a graphi cal
Cser t nitairplacbSregtodiiisef ficiitce. Besblelph e el el RvitfeSSeshubioah
oper at i #igksoarsphttofity afecsrtsrfioi.er for transferring real-tine survey
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sel sm ccoruputely havihg a %Eocesmsrafaramucésemggnimsadncat ateadingito @@ tor imore
determning a co .00 n.a er t.
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The bas S#o'cgs%o?" (gqutyu(rjeewé:eagmp TG maton H)rpﬁfj de@?caerﬁgiﬁge g%rgﬂtﬁca%ﬂgerqwepf%e,or a
20  one or more sensors associated with the seismic operatively coupled to the computer for
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



30 synthesized far-field array output based on predetermned initial
paraneters. Wien the baseline signature represents a near-field output,

t he secormovBgmmsur e preferably represents a near-field @arpspi/oishen the
baseline signature is a synthesized far-field 5 W 03/079049
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whi ch sirfealdime tor aide incietermining themext equsse efctpmi | ar parts, and in which:
Figures 1A and 1B show a mari ne seismc data acquisition system according
to the 15 present invention; Figure 1Cis a system bl ock di agram t hat
represents the systemof Figures |A and 1B, Figure 1 D shows a conputer
system used for the GU &r'?meﬁﬁrﬁg'@ﬁt“th%gﬁ?‘ﬂ@ﬁs Fi gure 2 is a block

di agram of an enbodi nent of the renote control nodule of the present
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a typical, air gun response; gures 5A and 5B show a fl ow di agram of a
met hod ‘é(E'@BISH‘i"%Qreffﬁreﬂ%crﬂﬂ’%@%rﬁtrefef FR/%W!'@TOQ?”SQQ”W&W@ 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 domain;
and 6 03/ 0]204% PCT/ US03/ 07820

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

15  presentinvention;
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 module 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



Fi gures 8A-8B show a data flow diagramof a GJ control system according to
the present invention. Detail ed Description of the Invention 5 [0025]

Fi gures Iwoan@79D® show a marine seism c data acqui sition $EIESAI/AB20 Shown
is a tow vessel 12 that includes a central controller 14. As described

later, pigardCsABR B a ddtal B dd@tb%%ﬁs %m%ﬁfronas@&eﬂ{ A oqﬁdctogﬁsr interface.
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for accRANEHegrsAonegyRing dejarakIgyRrsdo the Feitat RORiEsliee: eTheaar(ﬂ@chﬁnf?r IS&Asducer

f or10ac oglvetan Shahgdmin a'cBusﬁTc@iulr@@ 1ﬁinWh@n?th|@ét@§SéHcﬁ éd@é&ﬁr@@@éesféﬁ afcqui ring
pressure inf or mat | on., The dept pressure transtgucers sho

col | ect‘?‘{P@fey % sangd E‘S’F/ !Bﬁ*'vlﬁjb‘ahg‘é”‘i%are[%'i?ﬁedﬂ#’@ dBaf thg| sexgit ?'cSI ple§4

i ncl uge@aaesaem@lfdfnu@lstmétamtatuﬁ@mgmai @éwsagqgmé z&orAn phateNEnitas ebatié el Ement
si gnatures as we| ures acqujre urin snm c . surve or
the pur BadS 241y Wi %@HF?WS&WSW&{ Lnr%fer%blyacgogitrgﬁaﬁ%l“ﬁ&?xatrsnee oher gy 25
associ %9 th an al or with an arra\éqjout The si g‘nal can
be meas %Fh%‘W\frh é? PHIPR SPMRERSS $SYPER! CRRROARUS AGFHG o t he

plr eﬁﬁnttol tltnétembsém ihventiog l&ﬁﬁ/g ér@rtt\/\ﬁ' élmutantﬁamn%c@a@mtmrobomayewmg:ﬁt em and
el ement _status an c ndi n e ro

her ei n, E&{ éﬁ”@gre'ﬂ? ‘?Sgﬂ??‘%n@yr%@'g gng ﬁ?'@f’%ﬁf? fol m ﬁeegérfﬁ%lﬁrr\% %’f'n% sour ce

el enent ReRENYNBFighASATE ehil ST, @. solife sbgeat Mtiledean d@m @n80ol mom?éa1gour ce
nat ur es r

signatuye or, the re can be a conbi nation
array o §?W{fﬂ"§‘gs®8?’E‘g\géluﬁﬁ@@?gﬁQWTPBh%S%O%1ﬁ% F’\é’f'ﬂg ?l'lfﬁé? ﬁ'fje or the
si gnat ufegp&re from \&ach 3o0re804 HeBBTir4/sadedr A828cquiring depth information, and a

20 pressure transducer for acquiring pressure information. The depth and pressure

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



be a far-field signature. Furthernore, the signature can be neasured,
conputed or synthesized using nethods according to the present invention.
[ 0028] Fiwyoroa/o19049 s a system bl ock di agram that represent Crhsoy¢seem 10 of
Figures 1A and 1B. The systemincludes out-of-water (or shipboard)

conponep ?é?fi‘lefoo%ﬁiathfé $u rﬁ{orgofﬁg c%@ B@%&@ufé&mwﬁﬁﬂ%g £ &cl ude a

graphi cal user i1nterface uter a power su The use
of the §!€Hh$3'@¢|l{§ﬂl§dﬂ@th@%p%¢é¢w@m the prasent isvensibnci ty and not i ndicative of
a requirenment that any particul ar conponent be on a ship. For exanple, one

aspect H02BhEigire dEne a piptam biaskidirdraimdbataepresonts khe ﬁY%@maﬂ)eOftﬁawes
transm 45 s@iEn ?h@%}s‘t’erﬁ %cmdegw Sf-dv%azdrgﬁlpsb'&a @&n%ﬂq Qr?bggoer agf office

to be viewed 10 on noni t power sup
knowh sWﬁFﬁryC%w&e'ﬂfér Sh&?ﬁ@@# ppmgorwrﬁ%ﬂm&eng Qfaphl@@itu-"(@adyﬂep‘é%r(e'ﬂb d| rect

current céRbitePPYEERd b PORRF sUdHYy 164, eﬁlé‘ﬁ@e éfqae@élﬁ'n %ﬂg@fva@% nefdr gr e

coupled to in-water conponents via lical 1 The unmbilical 18 is
connect &4 sirapliciiy and pal/indigativenef & é@%‘tr@méﬁtﬁh?b@ny payticHlar Gampogepiokpped@ via a

second b IFbEatandpld) dr s tﬁ@bt%séﬁqﬁ\féﬁuéﬂ RERALS 2 HetwdkR .r[t&%?c%]thétn a

preferred enbodi nent, the shipboard interface comunicates wt

navi gat iramsmaiEsIaisIS fat apwoa/ r%%te dBan segfmeinghiapdiiased pice o @atvawed
conppnegh S [GUIRonERS C Th asbwert Ripply THe4 Feb&@br»} A n&q%whag@ppw ¥dfles a data

col l ection point for source array el emsn?s and é)erl pheral sensors, and it
pr ovi deSoryerthsiiginGting ReFsNt §27) rﬁ’PWPbFO dirsRt usTenb D e array el ements. 20
[0031] The array 18 includes a pI urality of air gun control nodules 114
(only oH¥2PL The HRifRor ctO2ANAET BYRPY AR 2 PETHO S HEIS ICORPATETES Via

connect @ GrabidcHl 1800Ttﬁé)hﬁ1bﬂfba|| wﬁi corth@@tealtb tesiBrrdy @8. Thies edmote ohirell nodul e
(&M is alsa con léqcﬁqgwﬁ 0 one near field hydr (_Bhones 118 and one

or nor eMeEperd4s 69 %S%H‘F‘Q'“ﬁdwwwr%mo&ﬁe §heNsPay may
n. addi ti onal DT/ P 25 nodul es

i ncl ude_an optional auxiliar

el focrqtBal Bt ' Besref ot bt BR P iiae! ANBHE S AMTEicaeS SR, o  and
t he GU|I P@&. étlbﬂfsgef&ﬁ ahd pﬁ@\ﬂgéspblo@él éﬁacﬁﬁontza@orztce&ewgter wﬁm?g%ms t(?j' lbe centr al
controller preferably includes a fonitor and a
Keyboar BSS0sBeG KEST, | MbsbiPOR Eisrtees iU er 8 Sonio el B o PN ildes an
i nter nableﬁféh@seéﬁpbenﬁﬁé?@rs)énéiﬁw 86 it fopsviddsQdr Bgerhitk @htripom fstcopbbladined
during the surveépand for storing one or nore prograns having instructions

for usémwet"‘ﬁ@y B¥88sor. The processor is preferably used to synthesize
SI g Bﬁ%ﬂ&&ﬁ%(ﬁ@%%l@ﬁ}égg gegfura%% 81J lp%lursl c%%tr\é\FHodl?l%s t1q4a(r(1)%}yyozn% %nd
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 {o 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
controller 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



8 WD 03/079049 PCT/ US03/07820 received during the survey. These aspects of
the present invention wll be further described herein with respect to

Fi gure 5.wpO@383jo4¢i gure 2 is a block diagram of the renot@Czxarsps/@is2erodul e
(RCM 24 used as part of system 10 descri bed above and shown in Figure 1C.

The Rc\fle%élvb@(‘du‘l"iqgsthé‘ suﬁ/e?r O§RSSP hsiids gf" éﬂ[ieg ?%Bflvgﬁ’tmwmllcgé |Qny,gyodul e

204 and an t1on 05|t|on|ng m ng srgnal Teceiver
206. Ind%ﬁcﬁb%d bﬁ#@élengmmFlgUB@ power is generated on ship using the
power sup 104 as descri bed above and showmn in Figure 1. The RCM 24

pr ef er 290 531\;&9@@% 2tia bipck gingeam @6 thegeamopsosantrobmigd e RClH @4 uske appagr bus

208 di séff LiuRsd BEsdTbep WBle AnBNhdWiC i Fihe 1) HABSREMTEE Ry geessor

202 may be any rocessors and may de a nenory nodul e
212 5 orpr§€>©$50ﬁgzqzecé| {edamneiay &ﬁmr@m:e@ﬁrm madle 2% emdo@@swhonamo@ob@ coupl ed

to the [S@éélg%ﬁg é’ysl'gés?ﬂt{%ﬁ %gg?negc né]ﬁ@&&%%ﬁﬁ' SIrCQWRkEd BnibB8intdn IS ?anal

recei ver e positioni hg | s necessary as
di scusskewergs generatpgeon Y peing yhamengreupply d@dFisagseibadnrboyh |ap§@ﬁpwn

interf aﬁ@ﬁég.% A @R@R%}R}irﬁlﬂmé?é\%bggﬁg%és G pdher &s%%gegfgwa&\g%d%se apg4 1S

al so coupl to t rocessor GPS recel ver I nt'er nal

coupl i n§s Remer Pyi)?%ﬂls'élpéf@ﬁm%lap RowEHRIORgEha&aEWn in the art. [0035] Figure
3 is a block diagramto show in greater detail a preferred arrangenent of
t helO n- 10984} T%r‘%ﬁ‘ﬂ@ﬁ@%@sﬁ%@%‘)a Mayhke DY teisf ofikpeiwe PIOCEPRs saife Al

conponeftide %Wﬁé}ﬂo#yﬂnb:d&élﬁfz for %fd?m? Pb&Y] Je%%a‘ré’m@t@#s' &t datg! Ynéprddassdroved
subsystem 300. The 't owed subs i ncludes a renote control nodul e

(RCM) 322 isiesyplaf e H!eﬁ?*em&%m%ia %%1 Eh%ormvﬁms R4 fnthe oy E98#ld shown

in Fi gurRsivdr 866l it usENendRiMe32E do%ltlﬁﬁiHQ|l§ﬂecés@a@”asa\‘ivm% aﬁéuééébl N&kepNY
sui tabl e connector 306a to connect an array unbilical . The array

unbi | i chine Semels progdyletin soppirsl o he %}“abqarqimra?rchy W2 Yip &1@9@@“@?@&1@1%

usi g IWV%eTfeféPﬁHl%Qdeﬁe 004 %%ﬂs@%@@d]e&tﬂ thar&ek SMID2CAHINEPE QBceivir [ 0036]
A gun branch 310a includes a gun control nopdule (GCM), 314. The GCM 314 is

coupl ed29® Al ESHA %PP"”@&ﬁr%tYB'CaW@tW@M”Q%kWHPé'EP ?% a depth/pressure
transducer npdul e 318. The GCMis coupled to a hydro e 320. 0037] Each
GoM i s B03Pk Figuse Sds adinskdaaran tp show iy greates det ae@rs\%érﬁgsarfaeaem

i ncl ude&ednh%été:zb&ﬁp@ﬁernwuééw.rif fHe @Uswrhlowmgu@ Unathe §dvefdl doRdonkhite
acoustic source | ocation. This |l ocal diaqgi tldzatl on rrneéjo%ceﬁh adver se noi se

ef f ect sSREAY iWﬁ!QB%%é‘r%'f?&rFeéiatﬁ\C;S’l”%‘?,t@@'glaﬁgthe owed subsyste e towed

20  subsystem 300 includes 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 plurality 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.



capability. In a preferred enbodi ment, each GCCMis used to digitize signals
from peripheral sensors elenents such as the DT/ PT nodul es. 9 WD 03/079049
PCT/ US03/W0820790k9D038] Each GCM provi des power to the soulrce/tShyomsat and

acts as a single bus between control units and all source el enments, which

r educesiobl BMPYCIALGARMIBERLS 0 IRILIED oo DA a:’:t?%s():%%@r%zégun or anch

aUX|I|ar branc 310 d to expan e capabi I es

5 310a. etk‘ye%m@qantrd Heituand all awcebelaﬁ@ntSs wh@brm@eelﬂye oynberedicondiptars used,
the auxjshigdd/ror Bp&a6sh.310b preferably includes an auxiliary GCM 322. The
auxiliary GCM1s coupl'ed to one or nore depth/pressure transducer nodul es

324a- c.[ohBe) Ayakiliak Yorsh sisomsnméeerto é)@aﬁ?@n%dbﬂltléa@ﬁ tﬁehgurﬁﬁkankhary GCM

operates to digitize out gnals fromt auxi | i ar eri pheral

oPngor Bt Sughdhe abay tATaRS FOTIGIEY Tptianth. Yo Deafb heRargkaTy hg. now
to Fi g%rsﬁcrﬂsﬁo@&@féﬂéwirﬂuaastah%uﬁrm%dmahﬁ q*ﬁéﬁﬁkd%@p'e@méecouaré@ gghown in

Figures 1A-3, real-tine acoustic source testing_enbodl nent %ﬁaphl cal
user i reng era@ery dxnthy/PeasswEi trangtuces Mmasigs pdas. t H@e@%@@mG@M\/éﬁm will be

di scussgdiel 8 lin hauhe é‘u%ul@rya@fl\ﬁmye?aiés &@Wﬁﬁz%“b@t?bpgpgﬁéls Frdrypheal air
gun response shown as 15 anplitude plotted en an air gun

i s act i 3dlen) brangeBRIRNSH! SEURRE elenenissuchagdhe aT@Th'inBi“ﬂ‘@%ﬁHﬂ ¢.oned sever al
succe55| ve@?/ decayi nq% peaks, or so-cal|ed bubble nplitude peaks 404. An
ai r1Gurl08fLk BefeREownehitn Fighnes 4- pandndiieng e |ernh9§m%ﬁnf§/ dgsgibst! taboy@

asyrmt OAdd sReRK ﬂeFaguréyrwe-ss h@mﬂmr@s a@o@mt 8slirtd rtestmgfiemmbﬁméufsv@nus a
dimnishing sinusoid with a perio bei ng b) or (b

+ c). TYapheali yseyintpiage @J'éﬁmbpt"m?@tﬁ @W‘W‘B’i’%éﬂ %ﬁ Prﬁa‘?‘ﬁd'fr'T‘PG\F‘E%fN“hbal rect
out put ybdds8ed he negative peak anplitude typically includes surface
reflection energy usually present in the neasurenent. Those skilled in the

art und[wn]ani@uwa .gfaf gﬁétphreél fe@fds@ﬁﬁah@ﬂ ofBayg¥alir geRkesponfeskown as
measur enent's and, under st and %’ conmpensat e, r’rF sur ed datg Th 2 t he
Lorts  PBakudmAIoBedRoRRspuaR Mfsthars ShBLT TeclsBieds Aok camtivdrgtizpy . A
nmeasur egsudfly eRAPRAES FolfhRIdasd efdl Sixb@estshéty d@oaymtge@e%gar sbeamid Y)ulf)tﬁlém t he
typi cal response curve mght be inpdicative of pro r gu

I
the rec¥OEHIHPER1SHMNLbFI BUR APerae Within gl P&fﬁm%tafwmékﬁ"&*?xr‘ﬁ t% he
period dn b@m@aﬁd bé/ald dutiag @Live&holn as praditee Mhaod The caive is @diﬂnlthIﬁgeaS a

variati s%]uslorl]d Wltﬁ aa rlodt'H(ZSS { S%BO%r exgr%gleb?a +I r)]%lr?at Iése 'l%e pos lrvgbple%E1 W th

20 amplitude is typically indicative of a direct output while the negative peak amplitude
typically includes surface reflection energy usually present in the measurement. Those
skilled 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 vy{ith the air
gun, whereas a variation in the amplitude response can be ‘indicative of a problem 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



t he gun or the hydrophone or both. 30 [0042] Since the problemcause is
sonetinmes difficult to determne, the typical operations procedure woul d
have t he woresyohal ted to replace the air gun and/ or the PoydrSopbmsee. This
i s because the typical system does not provide any indi cation as to the

' °the SHeE RS BENGIRUARRE B R rblshhty B qilaflbd oF IR dibulat) oPone:
sur vey, oftthefuture survey detes thus diminighingdine ealue6f thesueyeg.ur acy of the fut ur e

survey data, thus dimnnishing the value of the survey. [0043] The present
i nvent |[@ﬁ4§ir“8va Heeseat inventioni prevides @ wpblémattes anpargudeedurecadu thalses a

known OJ'§t?oerre%E8héé’1ﬁ[:1LdoﬂﬂjnW15mwrtﬁﬂéa‘l il 8?&?1:?%8 Fdé{équﬂﬁhqgé“ ni ng

the 5 eftectivenes e array wt un and or gun rophone
pai B. @fﬁelfptl\éﬁr\essgghthemﬂtabrévl@ra @yeﬁagum Aled onp@@wémmn}mm@mairodiacb airrgunual ly

tested §g ﬁ,(r) ﬁ;ﬁb? tRE. ér@ééritallnvé RAORS Riitiaf" 2664 %' Slbfe ShoRdilé EQ as the

response S e Si gnat ure I s known as a near
si gnat L@l’@faQi@‘f&t'P§'Q!’@gdef%llcht9f$eﬂ}§uﬁ9|§©@é3§ giownhia biossed: T, heeﬁma@ﬁe is

Pref er gwn g n@¥rdffér@ RRASRIAISHE i @sé@?oraﬁé { BlipBYEs Begd dr@séﬁ?‘?’rﬁxléﬁt‘ud?ﬁ

I ndi vi air 0 signatures. The sig ures are stored as near-field

basel | ridresably, e ¢ tlwuémﬁémﬁsw@évn éfée ey afdised ip GARREHTIRGD indivisiukalr gun me
re%rbonj‘; eft&r%Bq trhe sRirbr e aR s%%ata% rRSr-HbIl |ba§ame(iia%ﬂrh5tﬁ6¢nérﬁbrwaéﬁcéet ai |

| at er The initial nmeasured air gr un response provides information
about tfRe lﬁéhlctl’mpafrh@n Berealrifamdesransendog) ihey@ gpe eleBeparasdwloban i deal .

The res&g&gﬁe@fn Baeteddirna@pen is 15 preferably represented in the tine
dormai n as shown. A period of each response is determ ned and archived for

| ater “fpoe grmé)mmtapm@g&rea alfRuh9eawnse pRdvifealisforrkéRd®out the HeAlh BR§PONSE
period to indicate a problemwith the air gun. The jnitial archived

si gnal RerEBMARGY @idBa Ak VRHI GomRREed Ra 'd?"f‘lnﬁh? ERSPBRS:OIA5H ATIURY IS
cornpar eg efé?étilf‘?@&esé%ﬁéﬁ irf H@etn’ﬁ@rddﬁdnﬁ)% shOWR! | Austgioa sresfhnasgsreens abl e

operational limts (maximum or m ni mu ten to indicate a problem
with t héetegmiresharsharchived for I@tahcorpm&s']' toeglitirag r%ﬁseosﬁe SRR 2 ChBRIFSIN

accor di g r{egpdn'as dlé’n%é QQﬁd Itdlw@mat@a prosEmBkiaY tiéesir guANCIHd mmal aeAieli el d
quality control ?ﬁature synt hesj s durin ism c, survey.

The f| ovigRM &I m@ucﬁwp%wnﬂ#w@x oRh e 69PRARE FYNAISEATE A 'Bﬂ%fé T PepK i t i ng

the i nyapith@viutdRy. Pahdiidd StceBlifg acedptatie Rperatibndl ARE] (mExpnurtdrod

begi ns by storing injtjal information in the central controller for use in
20  minimum) tends to indicate a problem with the hydrophone or air gun.

[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 patrticular 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
sighal comparisons include gun volume, timing, temperature, depth, atmospheric

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

11



| at er conpari sons and by activating each el enent to nmeasure and store a
baseline near- field (NF) signature for each el enment 502. The initial
i nf or mat iwo opioefoes ably i ncl udes the particular seismc SECTABIHOTSAY
configuration, e.g., nunber of strings, nunber of guns per string, gun
| dent i f\)aﬁfcfsefBFthese %%%Mefgrg k! s%ﬂs&'rs Sk HeBink! #ﬁb@gﬁesusle(al t§'a ?@ﬁ% r'ea[-or mation
30 derived from cohponent ‘specifications as we rticular custoner
requi r diveginéormatipm eglatingde the sameparametans. ddedrésant wﬁmﬂwmqntamgalafas aBl el d
( FF) S'lﬂlﬂélkz%h@ﬁﬂnf&ﬂ{atlwwz a@rf.')gm ngsde%ﬂ@t]i iffRAGA BPHS uk&f {1 YR

ng, tenperature, eric pressure, ressure and t he
| | ke mf@rmaﬁlqn for quﬁrtxo@rn@tqqmpar% abmg@np@wrémpwseatenn@mfrwm@em
PCTlg Usqgfwé}ép val ues for these paraneters, while sensors as described
above are’used to acquire real- tine |nforrrat|on relating to the sane

par arret[gbg-g A 'S?&bﬁe%{lcﬁgfﬁ; s@r%‘t’lﬁ@t(blgﬂalﬁ%néﬁ)ms%g%@sbasba'otn' ! Feldl Hray

informati o desire formation to be used O conpare survey

i nf or neRAnfguREen godlont '?ltlébr pargmetatpane assymetionsokaye. ofhes @Yﬁb@lm Bber ati ng
par airel Gdnatghel @ s(ibdtd: later LRGSO ib3ealtin’d Qrildlzod! BN SioHEBrdsSugiah) | S

synt hesi 504 based on the actual array con uratio on initial

par anetcbmgaﬂw &SiSmiptsubiey  HYBY etheTReasyRe heapre rFFanogm@nétanfr &np@nst or ed
forgl at e pempari son to real -time synthesized FF signatures derived during
t he sei smc survey using the neasured paraneters and constant known 10

par anetighag] TIO4& ey B@g.wb%s&m}mg BF sBrc8€ b0¢/ 85 idgpRbl inSRYBARENIRAGhAS 1S
typical in the art. eac activation, comonly referred to as a "shot'

a new Nictivatiphacomenony rgteigrrte @ssoishat; @1@ewdé%lﬁ*gﬁaferwsmw%5%§sm9

| nfor ”Bﬁéa‘?'?lef%lsl%%d)&bﬁgs Wmf&n&em@n HR86cidtsd A UhE 8Fot .mlcau@éer VEnis stRelved
information 1s acquired roug i n-wat er sensors, he DT_/EIP:F]I'%q 20, 15
|

t enper Aaived sisfarREon 48 n%%%ﬁé fhraygihs dirwategreenseis c%g H\ec

I nfyar ”ﬁ%h@@ratur‘él 8drisbss, t&mb%@er@hsegnfsmro%mceg amd. | oy} SHeGHmABAr ophones
is acquir stored In he central controller nenory for processing.

[0049] refading douthe awm:crr@aurﬁ#oréagﬁmw@@' OxdrgRbgnes isPEqW tored he NF

basel i Nfe cepitdl BnitENr Fenfirg it gwcgsg,ﬁg synthesized 510, based on the
i nformation acquired during 0O the survey. [0050] Preferably in a

concur r@piof apiy ﬁéwsytabgunr&a\ﬂkhag?ﬂwré@(&@vﬁlss Iaﬁ@@bmp@@dabahe anmmb with the
basel i ne si'gnatures” an new. FE si grg tl,él’ S C ared to, the
and a new FF signature IS syntheSIzed 510; based on e informatio acqu1red durmg

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 baseline 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.
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original FF signature 514. The NF signatures are preferably conpared in the
time donmain for conparing anplitude peaks and zero crossings with the
basel i ne wpgnatwmes 25 for the correspondi ng source. Addi PConsbd/gi824 he NF
signature is conpared in the frequency domain by neasuring the first

harrmni[g?sﬂ fﬁbenékrwaaﬁqwu@efegteﬁﬁm@r\m&héme iy é;?& fs! Sgtiratlfy {RAAC Wi th

: a
the fir arnoni ¢ of the baseline”signature correspondi ng source.

Subst arfre@gtPymisehispegiiicedapabis dmsed oa therrampeey figauenehendpr agpliviesi zed
Si gnat Wog, i@oﬁéﬂﬁ‘elétingft%%é:'ﬁlﬁéigﬁ‘&wé&e- If 30 c&ﬂﬁéﬁéon&%ﬁﬁhéﬂ %@aédﬁg.earfz
h d 51 GUl ni u ly

conparison is then réporte via the onitor In substantia

r eal - t iqReratigi within speaification. deanstierfyrvey gsarqoptinraiwiih theneornraiisan sesulls

si gRat Welsy reporMPs9G (810049 Rihid/S03/ 07820 [0052] The nethod incl udes
: r .

determ ni ng whet her the each source is operating within predeterm ned

speci f i16a5310/Ber Hhy RAR&HarCtLER SQTRE & Mot roggagﬁﬁngmdé.s&cifﬁe%ﬂ,tmge

conparisons relating to the NF si g}nat ures. | conpari sons show that the
guns armeetheg 6f tei mgseat invertiapriiowsiTerierblime apeassieat & optiguedapeEdionBnue with

the conpal bs@Br hppditdied aeolR8k R8uFBROMHhEeheRRRmbhsurbd SigPlurd®aret Wed th0053]
When ﬁg{ particul ar acoustic source is not O%ﬁl’atl ng Wi.thin specification,

t he gieaning theneuryeke sah eontinye NitheHt Wsing ke Ried sayres PRt dslissasit of

confpl NURE rRREEALIgABEIre W yAtHRERe@520RERg A IrfsnRRioN 85 ides& Mt GRove BRE
new y- measur ed S|fgnatures are used to determ ne the survey can continue

wi t houtWiths prgy cRefigusrticaginiosmpiiisreyissd toexclide the dailed 1demidSnelPeReYi gnat ur e

i's syntdyptieapad T34 slipbfie i Borhparal MBLEOBigASIUEL SpEdiRaboRDEE aplito thet h array
configuration information revised to exclude the failed el enments. The new

synt hesiredgusy syntyasized £ Yonalwgaior dealdmernigrgrdtqacisiatyeeiing ¢e93dine 526 and

to the - PHAVEPHSHHENIREEE REsd tifd BAVREHtSediA d?g?‘m&uré InfYght indiesta ekt
deci si on-nmaki ng regarding continued operations. In sone cases, the new
e

syniShedhe saissing savires Wil §at agvemedaplied iar auaity 9b the LYy 28GR SYMRY1 | not

adver selan &rfiRGE bl Mot Bbdatity tHef falldtE sEHEMEYIn GREr 438sSHE VR syhleskent | nue by
not activating theée d sources. In other cases, \}ihﬁ new synt hesi zed

faile )
si gnat WFighaighnighhinficatedhatiather SHEVRY CP_IGHIQRS A8 Mt g¢ YetofsPedsdi sabl e
due to Fg\dgp%gm?_ poor quality. [0054] In sonme cases, the NF conparison and
FF conparison {(with or wi thout excluded 20 elenents), m ght show array

drift. pPosayinond cdsesathNFAEbnasENdbh A0 FRiReaYiserthasriwithbliyexcluded
20 elements), might show array drift. Array drift is a known condition whereby substantially

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
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all acoustic source NF signatures are altered in generally the same way. It
is possible that sonme or all of the sources fail a specification, but the
synt hesi 2zw0 0BB7®itgnat ure m ght indicate that useful dataPcarusb&omequired
by continued operations. In this case, the user has the option to update

the spegjghated spitfestZRi Bidt B bddnfiis Bl é'@srﬁlbgé?.ﬁ\;éﬁlr elr?édtﬂt%rp% fHaen

synt hesi zed FF signature taking into account condit I ong: h IS
al | ows {9%B0RER-\BY Signatyet Periad W't $04 med dwéh@eamﬁhfg@%&ﬂm et sangyrrentiyng

recor de@o%géreb%%e c@rYéfélpHﬁ&th'B§selﬂ4\9$@ratn%t§r50pme rves c%ﬁ%t% {ed, antdhé?])pasel i ne

si gnature and associ ated” specifications can I n real-tine

wi t hout 9gigrier @§rof REs reGprdey aaﬁden%iemt@mer@ef Hbreabtrm@ysms@e[ mOFBY ofthgure 6
represenif contidhastF#&fgf@r tel BledehieRRONRR. S'IH NAlsUR gﬁé‘ﬂﬂ'ecﬁé‘t&%r nt he

met hod of the present jnvention as described above and shown in gures
5A- B. TH@erm'@§6&%§’q 81997t resronIfeand fispiaverimessepas) mhsthenthe fesfieli n

conpar i §@ﬁ§tum§eﬂé%lpeaﬂéda@ns BEWh&Her thE8uivaY shdid He B L e Peak response 602
is conpared to the initial FF response 13 WO 03/079049 PCT/ US03/ 07820

si gnat ULOtlss}’Fldiﬁé i72:@PreREh8 a éﬂuﬂ’(é@&bﬂ“ﬁérﬁ&ld #@@p@@éﬁgﬁat%r ¥ratéd‘b)ﬁﬂl\@' tion to
t he pea response the signature perjod " 604 and glltude 606

are conBEEnel {he prsspal By tl?“t?l%dﬁ%ﬁrﬁbégpﬁﬂ%?rfﬁ‘dbmrl HEFWQ t e The

curye, ?é%BBﬁéé .§%ﬁ§war\dth@%queﬁéﬁfdn%in Rflll@é’tra@é Berthe B6ABS NS ni-RBkiRd to the
user in real time using the nonitor of the QU controller according to

the preledrethadeleing ﬁhe fr?nqLier'i‘nC¥ dpmARaiows s CG%?”'EQAW figldthowgy Magritusid t he
si gnat u7g2 kRS PeNELsIKEs TOE R EREpIRITASGFor/MIIBERSGT sgcbBichtihs (defrfinesi gnat ure

nmeets specifications or whether the survey should be halted, (0056] Fi gure
7 repr eéte'i"iﬁé’ea'“w‘ﬁtqwﬁ SEVEY abher GRBRPrisR [So1peR!! &) Ghferminiag QB%Y at B8 @y the
met hod ﬁé]dtsl’gﬂaﬁfr@ﬁﬂ@bpﬁrﬁyentl on as descri bed above and shown in Figure 5.
The 10 response is shown in the frequency domain to illustrate certain

Conpsir i f0D3F] PRAFes SIAREB thGy BRI Ebw bk‘agrwn Bb@ofé@lﬂl%l@@&rdﬁ'@ﬁaltﬁb pﬁeb@ms for
comparin far ftield Spi

nltud es. 706 t

cor r espBNETIRG FHURISH ’ieeau%rg?‘%reéjpg@ ttzl"% QFe S r?é‘g S'é‘PlaY H@'rlge&l nni ng
of the gatitkmyr aheqGaImpadongen ( @@) l@@éﬁaltusl @c&ﬁamgmmnm pHesent tiweption.he far
field sj %éurel real -t} ma B?% Jp gﬁreSS Iﬂ?ﬁ_\ga data fl ow
di agra npes 4o a%‘??(f%tr“ﬁl ﬁacrtS av ?%% W M QHf‘?so Oarp|rp Pate a
pr ef er r gighpisit fn@dd@éussrmhor Tﬂ'ﬂ&se)élqlfeldow s cartliaaglvah th@l Ivghefit of that pekker and
qua&bt ydlgglgélgrg wcgu%)rec |ze g Savg’@gi?l{ydcgfns%vcter%l tcgn% erc:la %%fléur}gtﬁg tslmgc)ware

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 to 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 GUI input device such
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Ref erences to the apparatus descri bed above and shown in Figures 1A-3 are
made to sinplify the discussion. Those skilled in the art and with the
benefit oWotobe79onesent 20 di scl osure woul d recogni ze t he &gaiusabioisedy of
several conmercial configurable software products that m ght be programred

with ingg ra“@élﬁﬂﬂér k&/Hoafd, %clier! B@wﬁf?‘éd"ckg AL likk NTRHS BB tibr g#’éfé\ﬁglgdi spl ay

according t present 'i nvention For the purposes
di scl os mcléldas dh%mﬂrwlaru%$micnﬁw¢h@é“ ay @gnflgmrgtum; e@lgt oumkeirofestrings, a

devi ce hHGhpé bfogbr@ pér Qh'l?f?u ghﬁ’ iddHiBERE.. M The 3n d‘@ﬁ'ﬁaﬁ Cpr‘%ﬂrﬁlﬁ% iffRfegM OF 2

25 set of progr I nst tions to e CaI’I‘I ed our ut er processor
t o r ecelolesareminipration ogderiveds pmt ﬁfprﬁp@wnérﬁpeﬁlﬁcﬁﬂoaévaa:erve&nas tReriigUWari de a

gr apfii CalistOHémidbuitdnénts UTRE ppég%ht ﬁv&itr%ﬁ'c@ﬁtem ed 8¢ fﬁgféﬁ?éﬁoﬁ ISt With

the GUJ described bel ow neans subset granmed 1 nstructions to
per f or mE&beip@ eny desiracdintormation tprhae ysed e §@m@@rﬁ saéveyu@feanwomort GHaliggr

descri bgd c&ﬁ%é’r\é’ W%mﬁoﬁéﬂt d?fsd% érﬁ”&B‘é‘F‘atIn@SbérHHe’téP or aly. OVF&ethg

gr aphi cal out put over e output "being representative o

funct i oRurpaEesc of Haig. m[/@m@g] ﬂ‘lfhée@ifr Wllfyysﬁr@m%@%scqnﬁmﬂ‘ﬁ are peep vﬁnﬂh

i nf or m?érﬁéﬂal@@s‘%ﬁﬂﬁ thd'bR, aﬂwaﬁftrﬁa}éter@%ﬁe!&é'E@%%eﬁﬁ%aﬁ@uﬁr%ﬁ%ét@ﬂét Page
802 erabl'y using a GUI | nput _device such 14 WO 03/079

PCT} SOQ?“@“MQ@F‘t%@egt%ﬁﬂép'éﬁpﬁ@?%aﬁl scanner, downl oad, or the Ilke The
information preferably includes the particular seismc survey arra

conf i gui¥¥6Pbitiafizgjion 'ﬂfGFFB%tI‘O”dF thgry 'i"ﬂ'&?rredn"ﬁ fBetulest indhig SYerontpliar ﬁ'QZ gun

i denti f beFigat€ 1C. Th@ chbRfF Qe BHfb@mutiBh & eréﬁ)déd g costasier Pf&@rm@nd a
i nformation derived from conponent specifications as we articular 5

cust omeBOYERGHAIEYEIReUP 84%he Theexuie ﬂ‘r'ﬁ}'é)’anHH ig dvithemahawe 283 ”ieﬁf fieldl i zat i on
i nfor mabiiy aAs RRpPEisANYrélfs BAS Ginkind @5 RdId cqmamg s ygﬁﬂﬁeg@ gfSUpPBAS survey

information for quality or to conpare any onent %Ubs st em operati ng
i

par biret &plefagee qndalrm@tgpn 'ﬁdrranﬁfﬁéred R raﬁc%@td,veomop 8%%!%@% Re IFFRENStoN g
"qual i t ¥nd 3 én" S ddt¥ctRPninbalile §06E S&thabo rellﬁr@f&b}rﬁy Lb%ﬁﬁbdréhdnh@ art.

That it, the terns relate to whether a parti cul ranet e

det er m Heesfersechioeine acehivs mefwe 804c3nd AN FFRY CC[”%%‘%? on fody Ié@at"’%‘tﬁ’ﬁ

i nf or matd R4 iirSrdalmetriramsd Siph&trd GsgBiHERpbiting hﬂ—’hﬁﬂltlaﬂl@éﬂoh%fbﬁﬁaﬁbﬂZ of

Figure 1C. The controller informati n i s ar n IIer roup 840
and a SodFedraggiarmedytogrd firays Siming, O%ﬁtfo@ek/'&agﬁ ?tp ‘éﬂg ‘Ptlﬁ”?1 r shown

as gogneggnifdel d quality and conparison group 844 and a far field quality
and synthesis group 848.
[0061] Initialization information is preferably available to a user on a GUI monitor in the

form of information pages. The baseline information and tolerance setlings 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 806, in the
Sensor QC and Comparison module 818 and to the array timing and correction module
810. All of which information is displayable to the user on the GUI monitor as a Sensor
QC page 820.
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15 Tolerance information is transferred to an archive nodul e 804 as
baseline information and to an error detection nodule 806. Information
rel ati ng wo oanr®y configuration is transferred to the ar@birusosrode e 804,
and to an array configuration nodule 808, which is used in real-tirre

far-fiefgbedj BRALY rescrdgﬁ»&l Worﬁﬁ'aﬁ'oﬁ s&ﬁrrtea -thd NEridUd 4d %mgbfs%ﬁg& mat i on

is also transferred to an Array Timng rrectlon used for shot

timng andskeyt moiflgumé@xqfe'labiytﬂ%s ezt&@ﬁdm forffiguragt §Adand §Bpr|éydé@%ﬂﬂn?
avai | ablngorhatich We! tAiing lﬁa}mm' B4, Udhth b@sggl%sldf&m(ggﬁ %ﬂw The

baseline informati on and tol erance settin are on an
over vi elRfgsagaoB828 andiermngratyres 'Bmﬁﬁ%'rﬁ%f%mtoélﬂ%gu%émﬁi% mody'écﬂoa@@dst ring

i nf of Mg EilleOvefy REmad b 3 GEAPiHTSHHi0n R3ge &M .ﬁeﬁnam 4186 GhdiRfdson can
be 25 displayed on a single-channel high-definition ge 816. [0062] The

basel i n#fqrmetemBYGhoFs ¢%ﬂmawr&@8a timingnsignsds BeWRY math MS08dwm Hea Sensor
QC and @emaaﬁﬂra@n 1b@d%fsm$ah%nffmm UsRrsl YuhNDnkB B bR aRE xili 'c@n gal ity

control. [0063] Once the stemis initltalized wth user 1npu ormat i on

as deschiogulgs w6, the.RQM. 2 arshisusoliectivaly geteriedda asoRpM @fq*i@ah@“aﬁ% el d
si gnat uReM mfrd?ma%ﬁ 894 iafsol ih@ngdSihfoRfath sidf RRaphrhARis MWaRdR hefsel t he

archive nodule 804, in the error detect nodule 806, in the Sensor QC and
Condr i gashothsainfasmation deriraple ip sentedlingyhe FiNBg and correction module  810.
Al'l of which information is displayable to the user on the GQJ nonitor as a

Sensor [Q865hlmedion ragardipn ¢3r BoelPwscay BSHLINGerEEGON (9 8d&FOrBInEiTREMeach

shot, i g§ as@MISLP Mhidfsationedsdy AfMGospRédOBresBaRS RIfGAASHS rd38eth @bé?a@blyand
shown in Figure 3 preferably flows according to Figures 8A and %
sur e

Hy dr ophasfiredl it dherifte i ageh Shpt H$IRG knew ARAISIERD d9Ycesprns metivdsp

i nf or maginispRe® pﬂsléQure' ifoRt 8 888 $eflidasdnd @ﬂWpﬁbHcE grés@&@rmuM@ &30 flow
to the 8]un contro nodul e 320 and 5 is coIIectlvetﬁg referred to aéy

i nf b} mathedin@and indive 1aseiehat thershal- sbhe EQrmgden 1 wnsferRd Brihe P
comandgyr 38kbréfip alongivitth the BTN infbinfifibA 832 and tee REM isfd2mbtienB3dier |44

controller, 102. Intormation from several gun control nodul es and auxiliary
cont r ol TeRYGRMEAN3YSHv to the ROM 302 and is col | ecti vel y referred to as RCM

f t 834. t 83 h
ComnatOWBbu i G P HAMEERROTO Hh s Hah i oot o e o iraldT o B P 2
cont r ol kindgnédigieRd rsigh@turé ®@5]anﬂnfo@rdmbmmtrﬁg-ﬁéldl signataeh spithésié lamas as RCM

information to a, recordin
20  reporting as dlscuss:eéj abcg/e 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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as GSIPSU i nformation 836. Atnospheric pressure information 838 is
preferably acquired at the tinme of each shot using known acquisition
devi ces awo opetderls. The at nospheric pressure informti oRC83B03/omskudes t he
atm)spheric pressure occurring at 15 the tine, and in the location of the
shot . TRembafihB leBBrtdd fdr' AASMHEIL %%519 c | ong
with the GP:M i nf orngtl on 8r32 ‘zn pIehs?ormatl ug%%éé%og acé}grﬁae revi ew
and anaFipglay, thegoBwprigerebeing pskd ﬁh*ﬁ@fﬁtﬂlﬁpﬁ'@r‘ﬂ dglermisinglasepurseapisdationed t o t he
contr ol kelirsd @F abn mRAL be tp'uf‘iﬁg e ﬁlsf‘eln'iifo?'r%ﬁl 'dBﬁ’tlr%:rgctﬂggggpc{tlgﬁ QRGHr rent

u

far- fleld S|gnatures nt hesi s~ and reportin ove and
shown i Bheth&T cPplipusTY thegoperationaanes, quUf@)'eg]thqr@r&m@terﬁot@ot%e idtepaceoantd
preS§urgeQQﬁ@]sg@térﬁﬁr%dtdgﬁ}gS{ﬁg%Qﬁ] pSisqand  Conpari son Mdule for the

di agnostic tests described above in Figure 2 and those results go into the

Troubl egduye) Fag aMiiﬂtdd@ fL@rngexatlw@tée@ies csflgr%sreofast@és%ﬁ@éu:@n %gﬁot ons.  The

raw data al so go into the signature Synt hetic Modul e ng wth the
array SeMERiONdMREe ohthediealdereealk b S'B'Fata'?er E8POsingt AW uses deffned e8t ofDat a,
such astdigrbRedBidepratibgs.at i ng to individual sources, nultiple sources al ong
a string and conplete array information are used in real -time quality

cont r ol [guTd] FOHbGsbIe %‘éﬂb&la&ém{:{;a ﬁ@@@@ﬂleﬁg‘gﬁétwéﬂcast QeskhiBet &5 FlRyur@e0wgh 8B
the i nfornation used t ai ne ur.l n he survey are presented to

t hel©peFAMBRMSON iHiREE G diesbiribis p%%‘?%@""as'%”a?ﬁ"&} |1er? @MRASEEN Esreppied tee

conput ekhed Yer aRAY WithIBeSEEMEY otesf tyefhnedbBs@V&lohsy €l ating and the acoustic
source signature to predeterm ned paraneters relating to the acoustic

sour ce. [00T2] FoEr¥fAcH3y, Q@%@e&@ﬁéﬁﬁ%ﬁﬁﬁ&?@en@@ﬁﬂﬁﬁ SRk Séﬁners%ﬁg?fahﬁd for

anplitude bubbl e period and fregue a user on di s t he
ohpar | SOIPENTG OBRUEn Jasgtbed 1 BIalre S R rais: SO e ST Y SRkt i on. A

cour se Bhsarbh @ aﬂegrrIenb@thptué Ifte:qgemdy ctdn@e PU2A et DAl eRadllr poistdRfréaied Ng t he
operatign ne or cont|QU|n eration and nmodi fying the

L e e et S H1er e e n R e SR thog sy ng ot he
Goap et LUy ThY foreat8t A Biminas cugRel do Rele My e Shudud Rl e Gesit

Si gnat uirenticfor thermxrpdsae mf&lﬁrstrdtadn a&denﬂanaﬁbn ltMumbeapﬁambs abwaterptes .

l[:logzrl ]e For Elﬂe?ob In thgerrf t?lat many n%dq‘icabom% asn%rcl:hea%ggsl gbn%teuerrﬁboc%%erﬂes%? %rﬁg]ed In

above are possible without departing from the scope of the invention. It is intended that
20  the following claims be interpreted o embrace all such modifications and changes.
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10 conparison is made of the bubble period 604 signature. The conparison is
reported to the user along with user defined out of tolerance

obser vat iwo93/0f9® 2] For frequency, using frequency i nfor ®Pamriusn3/amsed ved
froma tinme series signature, a frequency observation described in Figure
7 is gepgiaiedhinfeqai@ari sons are nade based on the area beneath the
frequency curve 702A and 704A, for all points greater 15 than -6 dB. User
def | nedjout - almbhbebABSAPRPSIIRTE MAlFcSbGiePAAE suhB) bibrallb fOF €901 Ng.
description is directed to particular e Ogl ment s 01“ the present invention
for the purpBlBPHNG:| | ustrati on and explanation. It will be apparent,
however, to gpne ok | i mmdj fcations and changes to
t he enbodi man%) se?ll@:‘agllr‘fﬁ bbﬁ%@sglgg{agur%g?gieﬁgds\}\ﬁgﬁg%%’ departing fromthe
scope of thebl nveRtepBing asecend signatyradiem harcogaicishurcesiuripgihegseisraib ms  be
interpreted to enBygggosdrhtigiieRqnodi fications and changes. 17 WO 03/079049
PCT/ US03/ 07820 What 1s clainmed is: 1. A nethod of testing an acoustic
source durin§ a sEPEAFINGhe seGONSFignature o thedgsplinestignpturg) ther eat i ng a

basel i ne si gnat ur goRparddf RAYUBEH Gt RALTiADarth Qéteﬁﬁiﬁiﬁg'a%u?ses&%%ﬁ&a sl gnature
fromthe acoustic source during the seismc survey operation; and c)
conparing the second signature to the baseline signature, the conparison

bei g used afrnb aMod df cRth!, WReRR] BEToRipAEsch iIRAUISEcMpRRk I0AB or mbYe 2- The
met hod of claim1, wherein the conparison iIncludes conparing one or nore of

peak anpl i t ugkpeakamiitidenpublie geplitydeubblefieguerryy buphie Berdod eespease r esponse

si gnal spi kegignAnPikeBArRARGEasd ffsd idpr - 3. The nethod of claim| further
conprising using a tine domain representation of 15 the first response

signature for the conparison. 4. The method of claiml further conprising

usi ng asfr equREEktHINBTICRIMMEDRIESVBhHERY uShg bhfnd lémAinaastesaRRh dresponses
for_ conparison. 20 5. The nethod of clarm | further conprising updating the

bas®l i ne wheketfigl reeRBAY SioNaLER 05 asGPMRATISPR neets a second predet er ni ned
condition. 6. The method of claiml1 further conprising updating the first

acceptance crjterion based at least in part on the second response
Si gh at ufe.  The method of claim 1 further comprising using a frequency domain

representation of the first and second responses for comparison.

20 5. The method of claim 1 further comprising updating the baseline when the second

response signature meets a second predetermined condition.

6. The method of claim 1 further comprising updating the first acceptance criterion

based at least in part on the second response signature.

25
7. The method of claim 1, wherein the acoustic source is an air gun and wherein the
baseline signature is representative of a measured output of the air gun, the
second signature being representative of a second measured output of the air
gun.
30
8. The method of claim 7, wherein the baseline signature is representative of one of

acoustic energy and a pressure gradient.
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25 7. The nethod of claim 1, wherein the acoustic source is an air gun and
wherein the baseline signature is representative of a neasured out put of
the air gwn,030M®49 second signature being representative ofPCa/tseso1sc0
measured output of the air gun. 30 8. The method of claim7, wherein the
basel i ng, si gITAk WidhddSof RIMEIS AMbAIN e RbusRSoBfce iIRERYRF HUA afapady and a
pressure gradient. 18 WO 03/079049 PCT/ US03/ 07820 9. "The thod of claim
1, wherein tMoeidihelaselierignatyrs inieregseniglive efra swpthasizediostnet af thre basel i ne
Si gnat ure i safBpriRs sédotisifalire Beihy MefESdrER e A h BEECrRS syhitRsiz86 batput L he
second signature being representative of a second synthesized output of
the air gun 8FhgRaIr@NEYaYThe nmethod of claim9, wherein creating the
based i ne signature conprises using predetermned initial paraneters and
creating the_second signature conprises using survey derived paraneters.

10 11. The méDRGHFIAD ficiainnd whelgieereriing he basdipe sianafuie gompiisasaisingar anet er s

i ncl ude Onep%def@hﬁe@fini%l'baVe%éi@?%’anHidﬂ@éiﬂﬁ tﬁ@é&%ﬁ@%l@hgturéjgﬂnﬁhse%t nospheri c
pressure, and water pressure. 12. The method of claim 10, ereln the
survey deri veangaragedeiedingednglerone or 15 nore of gun vol ume, tining,
tenperature, depth, atnospheric pressure, and water pressure, the survey

derived Earameters bei n _acgui red during the seismc survey. 13. A nethod
of t®stilhg adhafmsiad of Qe Wheneinige Rredstemineddnjligl ARranaeiprsi iBelude 20 a)
generating apcpeaf mforeeéffq&'\/@_ﬂﬁéﬂiﬁm@( tdrRRTbiid) depiCatRfRPRédCorEQdfr§e  out put;
b) storing the near-field signature as a baseline signature; c)

synt hesi zi ng@ad PRI PI&sSH®s gnat ure using predeternined initial paraneters:
d) generating a second near-field signature during the seismc survey by

25 neasuring_t he acousti ¢ source output during the survey;
12. gThe method of clacl;m 1%, wﬁere% thg survey deri\ged parameters 'nyuclude one or
15 more of gun volume, timing, temperature, depth, atmospheric pressure, and
water pressure, the survey derived parameters being acquired during the seismic

survey.

13. A method of testing an acoustic source during a seismic survey comprising:

20 a) generating a near-field signature by measuring the acoustic source
output;
b) storing the near-field signature as a baseline signature;
c) synthesizing a far-field signature using predetermined initial parameters;
d) generating a second near-field signature during the seismic survey by
25 measuring the acoustic source output during the survey;
e) synthesizing a second far-field signhature using survey derived
parameters;
f) comparing the second near-field signature the baseline signature during
the survey;
30 9) comparing the second synthesized far-field signature to the first

synthesized far-field signature; and
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e) synthesizing a second far-field signature using survey derived
paraneters; f) conparing the second near-field signature the baseline

si gnat ur ewowsiomy49 t he survey; 30 g) conparing the second ®gmtuseyimsed
far-field signature to the first synthesized far-field signature; and 19

WO 03/079049nPCT/ WSRANRIFG2E coselef BEMB bt UAsF fn ggga&ﬁ I8 Haged at

| east in part on one of the conparison of the near natures and the
conpari son of theCOR)FiRBsP, e Meac-field| sigratyivat andghe 53013293”5@!@ afethgod of

claim 13 further ggqpég,@drfgr_mg,?ﬁémg;sg he far-field signatures in a tine
domai n. 15. The nethod of claim I3 further conprising conparing the

far-field signatures in a frequency domain. 10 16. The nethod of claim 13
further conprising conparing the near-field signatures in a tine domain.

17. sThetaret hyhe edetitdedfald 1BULHRG cofPRBIhG ShifBafiyiPa farikkid Q@nét@%rs ihigel d
signatures in 15 a frequency domain. 18. The nethod of claim 13, wherein

the acousti ci®§HB®EN-ncl udes a plurality of acoustic sources and wherein
the stored baseline is a plurality of baseline signatures, each stored
basel i ne signature being a baseline of a corresponding 20 single acoustic

source ipn th | ur al of stic saurces hod of claim 18,
whor o n18he Sl ar i G crPERS SpimRdins Be Trgq HendlumeIR Pol g

basel i ne i ndfreqieeydsmainence of that one or nore failed acoustic sources
inthe plurality, the indication being based on a near-field specification,
25 the nethod further conprising: i) synthesizing a third far-field
signature using survey derived paraneters exclusive of the one or nore
failed a@ousﬂ'he mEﬂILD’dOCEfS:laIﬁ‘IHB fadimyaompgsing €otnbarirdy thamebir-dld siingtuadégiine Wi t h

the first far- tlme éocgnaslﬁgnature and 20

17.  The method of claim 13 further comprising comparing the near-field signatures in

15 a frequency domain.

18.  The method of claim 13, wherein the acoustic source includes a plurality of
acoustic sources and wherein the stored baseline is a plurality of baseline
signatures, each stored baseline signature being a baseline of a corresponding

20 single acoustic source in the plurality of acoustic sources.

19.  The method of claim 18, wherein the comparison of the near-field signatures to
the near-field baseline indicates existence of that one or more failed acoustic
sources in the plurality, the indication being based on a near-field specification,

25 the method further comprising:

i) synthesizing a third far-field signature using survey derived parameters
exclusive of the one or more failed acoustic sources;

ii) comparing the third far-field signature with the first far-field signature; and

20



WO 03/ 079049 PCT/US03/07820 iii) determining a course of action based at

| east in part on the conparison of the third far-field signature to the
far-fiel aweiogozdowr e. 20. The met hod of claim 19, wherein tPha/ushs/o$20
far-field signature neets a far-field 5 specification, the method further
conpri sing dat i I (AL L te bein
based at Iegg in d&%ﬁ}ﬁnié%ﬁ%t@ﬁ%gﬁ)ﬁi ?& bfgastﬁﬁgﬁgﬁhﬁﬁéw&\ﬁ& lﬁlﬁgqﬁet hod 019
claim 19, wherei rthe thrdtfar-fiedd slanatﬂreeuodh%fegﬁakdm@atm@t s a far-field 10
specification, the nethod further conprising continuing the seismc survey
after disabl i ng the one or nore failed acoustic sources. 22. A nethod of
testi n% an acoustic source during a seisnc survey conprising %

synt hesi0zi ng'he fethod efglainy 89.gwikgrginathartbirg darrteld, ploarives ﬁ‘leﬁ@dalfﬁ"‘ qldl 15

pargmeters; éﬁbcnﬁ&ét|o\ﬁaﬁﬂe”91e§r’(b@ ﬁﬁﬁéséérﬁp% ﬁsdattﬁ?Gtﬁé‘CB#Q&etéMﬁné@hﬁt\’EIC
survey; c) synthesizing a second far-fiel ure usin surve%'derl ved

par anet ers; R#yaweigfarhAgurdate hsinenased -aitl'éﬁi 8 parAtQly dhe ghirh dari

far-field si wee;, 20 and e) determning a survey course of action based
at least in part on the conparison. 23. The nethod of claim 22 further
conprising reporting the conparison results 25 during the survey over an
out put device. 24. An apparatus for testing an acoustic source during a

sei sm QSur Ve RideHGA bfOdlaim ¢9Wlﬁér§lnnme tRikd R GigRHR: RSBIsUSG3/- 820 a) a
sensor to sense a first output of the acousti ¢ source, .said sensgr sensing

a d8cond out%?'f‘%t‘qnhg‘ea@ﬁhhé’g|f%rt%lﬁ°5@”8'09|9‘?§ RYRg the; SisICSYRRYATer ) o

menory devi cgsdulihg MeHbiend riorb st iaReuSic@daicdse representative of the first
sensed out put; and 5 c) a processor executing instructions according to one
or nore prograns stored in the nmenory device for conparing a second
signature

22. A method of testing an acoustic source during a seismic survey comprising:

a) synthesizing a first far-field signature using predetermined initial
15 parameters;
b) activating the acoustic source to conduct the seismic survey;
c) synthesizing a second far-field signature using survey derived
parameters;
d) comparing the second far-field signature to the first far-field signature;
20 and
e) determining a survey course of action based at least in part on the
comparison.

23. The method of claim 22 further comprising reporting the comparison results

25 during the survey over an output device.

24, An apparatus for testing an acoustic source during a seismic survey operation,

comprising:
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representative of the second sensed output to the baseline signature, the
conpari son being used at least in part in determning a course of action
during thwogeiogwue survey. 10 25. The apparatus of clai m 2¢T/tsh&m20N t he
one or nore prograns are used by the processor to generate a first

synt hesi zed al)gnataJééi’ns@Ftotsﬁﬁsélgﬂ#&hb%u?&’f‘iﬁ&ﬁc&ﬂﬁgg gé] S%rqedet &/ m ned

initial paraneters and a second synthesized Si W5%coust i ¢
sour ce based on s&F{E)d HéPPQfé’cP%%Hté%frﬂ’tGeaO@US@d&l&:e d[huegalpmsmahmsuﬁieypl aim 24

further conphjsing xﬁe@b@Rﬁé‘v%@'fcﬂéﬁ@ﬁné &L lﬁ&@lgfmé%ﬁr ﬁ%%r ét'@ﬁﬁedoﬂg? gnature a

information rel atin basel I ne signat ur
user during the sé‘f% Lﬁ%ﬂ} Qﬂﬁ*eratl on 20 27. An apparatus for testl ng

akoustic 8pur ce gluEdsBEr dked npri sin a a
2gnt rol | er CO)I’)I'[ rol r|ﬂ}n " he SC?U@?P %r%g@)r{sgée(m%g?ﬁgor@%oorr rr?o 8\9(0@63'?"% th
controller for st Smr?fg'”é %%&qrh@e‘é¢ﬂgf@at3@ﬂéarlng@$®@edB@hatwe of the acoustl C
source out put and rgpréSmRitide DF SRR s&ée&%ﬂf %?%%QBEQ/&PQ s énaﬁg%)%ﬁquent

out put of the acoustic, source; and c) processor execu Ttions
accgr ding to one SPmHBﬁ‘Sé’nﬁ%eH@r'bﬁ?ﬁ at@taé?lwartnn teterminingraycatiessl afeaction

conmparing the secaoghgthgrakHiEsirgey. e baseline signature, the conparison
bei used at least in part in determning a course of action during the
sei@rgri c survey. 30 28. The apparatus of claim 27, wherein the baseline

si gnat uz®& r emneapmrstua of Bk DESIFR6in N ofd 6 oD &Gggiaﬁﬁ%rgﬁééc{’@gt rom

predeterm ned initi gog redet ermned paraneters erein Second

si gnature r eBPEERTH L gensrrts adirelymynihesizod signatyre gfithe acauistimsewreebasesied on
survey deri venl prsfesi®iret Initial palhdlersAnAQA B £\t fea8hangd of Hae

apparatus of _cla erein the baseline signature represents a neasured
ogltoput of th@° %h%?ﬁ"ﬁeé\%ﬁdc%‘%ﬁ\?)W%W@i’ﬁa"taﬁéaf%'écond signature represents
a niasured out put of the acoustic source.

26. The apparatus of claim 24 further comprising a graphical user interface for
reporting the information relating to the baseline signature and the second
signature a user during the seismic survey operation.

20 27. An apparatus for testing an acoustic source during a seismic survey operation,

comprising:
a) a controller controlling the acoustic source:
b) a memory device in the controller for storing a baseline signature
representative of the acoustic source output and a second signature
25 representative of a subsequent output of the acoustic source; and
c) a processor executing instructions according to one or more programs

stored in the memory device for comparing the second signature to the
baseline signature, the comparison being used at least in part in
determining a course of action during the seismic survey.
30
28. The apparatus of claim 27, wherein the baseline signature represents a

synthesized far-field signature derived from predetermined initial predetermined

parameters and wherein the second signature represents a second synthesized

far-field signature based on survey derived parameters.
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5 30. The apparatus of claim28 further conprising a plurality of sensors
for acquiring one or nore of the survey derived paraneters. 31. A seismc
survey i nvorogmatdoen presentation device for use with a sei erir@wssuorsey 10
system i ncl uding one or nore acoustic sources, the device conprising: a) a
conput er having a processor for processing information according to one or
nmore prograns; b) a display device for displaying the processed
i nf or m&9i on;The)apaaratus Groteimi2gnwhersin the baseleeisianaproEpiesedised user entry
point into ut oDl TR BOsY ERRALH LrEf e SocchBSiRERFESSOT . dI spl ay
device and ‘Intormation 1nput device belng a graphical user Interface; d)
one or nor e reprsents axeeasoiestautpulof thetageustisi soriag. oper atively coupled to the
conputer for transferring real-time survey information to the conputer; 20
e) a plurality of nodules in the conputer for conparing survey derived
par anetdér s Tékeappatptiolaeim@sfether conprisiag siryiality Pesansofsfetieeasiitned
par aneters ro%'e%r'n%e%f’thre%a)@gggﬁ\tlé SMERSEs, Wherein the conparison is
reported to a user on the display during the seismc survey, the
conparison being used at least in part in determning a course of action.
25 32. ghhe deylics; Bt yagﬁaa h RBVIEORIRAEL SRR o stishlic ubapel | ne
source 3-(l)|-Ut p%gélgﬁmgﬁupﬁége to a'op a -et |tmg soulrce out put anp] i tude.é§33. The
devDce of cISdFWTBIBQIUWﬁGIOéBﬁr U @Qﬂ%&?ii%?ﬁﬁ’ﬁ‘e(ﬁevﬁetféwnﬁ'ﬁé: sour ce out put
30 bubbl e peypiod é@orﬁgﬂ%a‘v @pr%@égsﬁﬁfo?rﬂ;&%si@é'mmrﬁa@&{ h&@rdiddto The device
of claim 31, "'wherein e conparison is of a baseline source output
frequency to a redISeqimEe sEAIFBS.out put frequency. 23 WO 03/ 079049
PCT/ USO3/ 07830 _3aiclapaeied fPaRbiaghaitie Gocotteeiitbiindibe, basel i ne sour ce
out put anplitude ana the real -tine” source output anglllt_ude re each a
ti me-seri es @i gnannErAAEProRRIeVICRHRPrRYE? _ér\@e‘i‘?{ﬁ! LRﬂ’ént&“tﬁrﬂ't?gr am f or
congaring a peak-ihQuRs@h ResHRIcRdele, thBPrddeBBors@spIQPdISNIG@dIre and a
program for reporting when determ ned an out of

information input device being a graphical user interface;

d) one or more sensors associated with the seismic operatively coupled to
the computer for transferring real-time survey information to the
computer,
20 e) 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

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

25
32.  The device of claim 31, wherein the comparison is of a baseline source output
amplitude to a real-time source output amplitude.
33. The device of claim 31, wherein the comparison is of a baseline source output
30 bubble period to a real-time source output bubble period.

34. The device of claim 31, wherein the comparison is of a baseline source output

frequency to a real-time source output frequency.
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5 tolerance condition. 36. The device of claim33, wherein the baseline
source out put bubble period and the real-tine source output bubble period
are each wolabiroas peri od signature and one or nore progrZCE/USnyh7sce a
program for conparing the bubble period 10 signatures and a program for

reportiggl wWhene delies ot ém ea:.n mmaﬁenmfhetuagarr@%@mecwwtahe)ntudéénd e device of

clai m 34, wherein the baseline source output frequency a real -tinme
sour ce out pufea-iRgFOHISE xRt amplifuge ﬁ[e@acggt;r@%-sgnwr@t@e@ﬁg °6ﬁé"’or 15

nor e progr anfokdflodfininBiied b dRdJrah FS UM HRG adeaR-t&hE ﬁt‘?’:@fetﬂ oft frequency
curve for all points greater than a predeterm ned va e one or nore

prograns fur ?h?é?mei PRITAFAIHGIES gRd e repramdorreppiiige hen Q?tef'”étﬂéﬁ Nyt ahen
det ey m ned agdhceOtorigiogr ance condi tion. 20 38. The devi ce of claim 37,
wherein the predeterm ned value is about -6dB. 39. A device according to
claim 31, wherein the plurality of nodules includes a controller group and

a sourcgg.gr Oﬂlﬁe devicetBf clamdszy Mﬁ@reﬁC@\@rﬂébél%ets%uFdeadd%ﬁ bubi BERbDakde
plurality of nodules includes a near eld quality and conparison nodul e

group and a Hherrepltingseiiss pPythuthyib Wlﬁé@f%ea%wt@lquwe signatura agdyi ce

accordi ng tOOﬁéatmb?e]@rowaﬁfsah@ude@Fmgkarﬁkdrtcbn@tanﬁ@ﬂhelb%bnerﬁéhta@les a 30
sensor quality and conpari son 1_m) e. used to conpare survg}iq derived

i nf ¥t mation ?'éﬂ%itﬁfer?g?‘rldc? PrRgE] BD%ﬂpoﬁ@Sd@ﬁ“@%m‘@@sant%ﬂ% e i nf or mati on

relating tocddtgidnndi vi dual acoustic sources received froman archive
nmodul e. 24 WD 03/ 079049 PCT/ US03/ 07820 42. A device according to claim 31,
wherein the plurality of nodul es includes a troubl eshooting nodule and a

di spl ay3noduirRe déige bf @ikl 315 hestdimBiepadeling sobrstcuitgiit nﬁq@erﬁ:v@gasﬁeed cour se
of action to take upon the ?XI st ence of failure, aggested cour se of

action bei ng'eR-iFesHEPeQYRY! fe@ench afeea |ast5f‘%§eréee9\ﬁ' 9§ A he di spl ay
nodiy €. 43. AofepiogfamEeudé a@rdgbarﬁ|f©1 daanaalann@/@%rnesr@a b&ﬁbafwé‘ﬁ@&{uélﬁjyl ved

parameters inclu one or vol.u erat ure, depth,
at mospheri c Eﬁ"éggctfraé pm%ar%ﬁ}a &%@8???@“'”?%&3@%%%8”%8? "9%d paraneters
bei ng acqui r pebgelths REthkhAcluding signature and a program for reporting when

determined an out of tolerance condition.

20 38. The device of claim 37, wherein the predetermined value is about -6dB.

39. A device according to claim 31, wherein the plurality of modules includes a

controller group and a source group.

25 40. A device according to claim 31, wherein the plurality of modules includes a near
field quality and comparison module group and a far field quality and synthesis
module group.

41. A device according to claim 31, wherein the plurality of modules includes a
30 sensor quality and comparison module used to compare survey-derived
information relating to individual acoustic sources to baseline information relating
to the individual acoustic sources received from an archive module.
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10 seismic survey. 44. A device according to claim 31, wherein the
plurality of modules includes a response characteristic synthesis nodul e
in the conpuwserssystem for synthesizing a response charaecerisss/ims2based at
| east in part on at |east one 15 di sabl ed acoustic source in a source

array. 48 Thedeldes a@:omdm@toactlaimf‘ﬁh whBRSIreine dldrgntpbﬂﬁqa&uléylr@fudaygu't esone or
gto

I ncl udes a oat i ng,nod cont ai ni ng nessages relatin

nore out - of - "@%@%S’ﬁ?%é{kgﬂ%"q% ?fb‘f"[’ Eﬁﬁ?y mgdute, %&%&%ha@tn@gn@mw ayed on the
di spl ay t er micoataiify mﬁseg%esae:ctho@f& cﬁracfm{]t% tekE ot thE @%isiehed b QFbllGFénn?'r E): |02f
exi sts. 46. vice of ¢ er conprising a source co

for controll Fﬁ%sﬁﬁ?ﬁe egccc%gs[e ag%cmlt&eé ng %'ﬁ%‘a\‘?{%tpraoq‘s%éi‘ﬁ& WaRlaydevicmart on

t he éonpari sasingtbe Asplay module.

43. A device according to claim 31, wherein the survey derived parameters include
one or more of gun volume, timing, temperature, depth, atmospheric pressure,
and water pressure, the survey derived parameters being acquired during the

10 seismic survey.

44, A device according to claim 31, wherein the plurality of modules includes a
response characteristic synthesis module in the computer system for
synthesizing a response characteristic based at least in part on at least one

15 disabled acoustic source in a source array.

45, The device of claim 31, wherein the plurality of modules includes a
troubleshooting module containing messages relating to one or more out-of-
specification conditions, said messages being displayed on the display terminal

20 when said one or more out-of-specification conditions exists.

46. The device of claim 31 further comprising a source controller for controlling the
acoustic source, the control being based in part on the comparison.

25
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